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Foreword

This Annual Report is a compilation of the research reports submitted by the Special Postdoctoral Researchers
(SPDRs) working at RIKEN in fiscal 2020. The outline of the programs is as follows.

The programs

Creativity is required for the rapid advance of science and technology that will benefit Japanese society and
contribute to the international community. To fill this need, RIKEN, in collaboration with the former Science
and Technology Agency (currently a part of the Ministry of Education, Culture, Sports, Science and Technol-
ogy), launched the Special Postdoctoral Researcher (SPDR) Program in fiscal 1989. In fiscal 1997, the program
was expanded to accommodate a larger number of candidates, and the program management was transferred to
RIKEN. From fiscal 2016 the SPDR program has been merged with the Foreign Postdoctoral Researcher (FPR)
program, launched in fiscal 2007 to provide young foreign researchers with similar opportunities, to form a new

SPDR program to support excellent young researchers from Japan and overseas.

Program Features

The SPDR program offers young researchers with creative and innovative ideas an environment in which they
can pursue independent research and prepare themselves to play a major role in advancing basic science. Fields
covered include mathematical sciences, physics I, physics I ,chemistry, biology, medicine, engineering, and any

other fields related to research now being conducted at RIKEN.

SPDRs must have a PhD at the time of application, and must be able to independently pursue research themes

decided on the basis of what they want to pursue and how that fits in with the research being conducted at RIKEN.

Candidates are recruited every year through open application, and selection is made by a committee comprised
of outside experts as well as RIKEN scientists. Selection is based on submitted documents and interviews. From
2018 the SPDR contract has become a multiple-year contract valid for three (3) years in order to provide an envi-

ronment with greater stability for the researchers so they are able to focus on carrying out their research.

Host laboratories must provide the SPDRs with an environment conducive to independent research, sufficient
research space, and support for the use of required research facilities and equipment, as well as guidance from

the laboratory head.

Since October 2008, revisions have been introduced in the program regulations to ensure a better work-life bal-

ance, such as allowing program extension when an SPDR has to take time off for childcare.

Since the program started, there have been a total of 1799 SPDRs and 153 FPRs and there are currently 162 SP-
DRs (as of August 2021).

August 2021
RIKEN
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XVII-001

Unveiling the hot Universe with laboratory astrophysics

Name: Liyi Gu

Host Laboratory: RIKEN Cluster for Pioneering Research,

XRISM - X-Ray Imaging and Spectroscopy Mission
is the seventh Japanese X-ray observatory to be
launched around the year 2022. It will open up a win-
dow to hot and energetic universe with cutting-edge X-
ray imaging and high-resolution spectroscopy, follow-
ing ASTRO-H “Hitomi”. The long-waited X-ray
micro-calorimeter onboard XRISM will bring the ep-
och-making science data, which needs to be interpreted
with accurate plasma modeling and atomic database. I
am leading the work for the laboratory astrophysics
working group under the XRISM science team, aiming
to develop the new analysis tools that are key to the
success of XRISM.

The Hitomi results for the Perseus cluster have
shown that accurate atomic models are essential to the
success of X-ray spectroscopic missions and just as im-
portant as the store of knowledge on instrumental cali-
bration and astrophysical modeling. Preparing the
models requires a multifaceted approach, including
theoretical calculations, laboratory measurements, and
calibration using real observations. In a paper pub-
lished last year, we presented a calculation of the elec-
tron impact cross sections on the transitions forming
the Fe-L complex. This year, we systematically tested
the calculation against cross-sections of ions measured
in an electron beam ion trap experiment. A two-dimen-
sional analysis in the electron beam energies and X-ray
photon energies was utilized to disentangle radiative
channels following dielectronic recombination, direct
electron-impact excitation, and resonant excitation
processes in the experimental data. The data calibrated
through laboratory measurements were further fed into
a global modeling of the Chandra grating spectrum of
Capella. We investigated and compared the fit quality,
as well as the sensitivity of the derived physical param-
eters to the underlying atomic data and the astrophysi-
cal plasma modeling. We further list the potential areas

of disagreement between the observations and the pres-

High Energy Astrophysics Laboratory

Laboratory Head: Toru Tamagawa

ent calculations, which, in turn, calls for renewed ef-
forts with regard to theoretical calculations and target-
ed laboratory measurements. These results are
published in Astronomy & Astrophysics [1].

There has been a growing request from the X-ray as-
tronomy community for a quantitative estimate of sys-
tematic uncertainties originating from the atomic data
used in plasma codes. Though there have been several
studies looking into atomic data uncertainties using
theoretical calculations, in general, there is no com-
monly accepted solution for this task. We present a new
approach for estimating uncertainties in the line emis-
sivities for the current models of collisional plasma,
mainly based upon dedicated analysis of observed high
resolution spectra of stellar coronae and galaxy clus-
ters. We find that the systematic uncertainties of the
observed lines consistently show anti-correlation with
the model line fluxes, after properly accounting for the
additional uncertainties from the ion concentration cal-
culation. The strong lines in the spectra are in general
better reproduced, indicating that the atomic data and
modeling of the main transitions are more accurate
than those for the minor ones. This underlying correla-
tion is found to be roughly independent on source prop-
erties, line positions, ion species, and the line formation
processes. We further apply our method to simulated
XRISM and Athena observations of collisional plasma
sources and discuss the impact of uncertainties on the
interpretation of these spectra. The typical uncertain-
ties are 1-2% on temperature and 3-20% on abundances
of O, Ne, Fe, Mg, and Ni. These results are submitted
to Astronomy & Astrophysics [2].

@Publications
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XVII-002 Confinement and deconfinement in QCD with effective field theories
and higher-order perturbative calculations
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Host Laboratory: RIKEN Nishina Center for Accelerator-Based

I study the energy momentum (flow) distribution
around a static quark in medium. For that I calculate
the connected correlator of the energy-momentum ten-
sor and the Polyakov loop at next-to-leading order in
perturbation theory. First, I worked out a factorization
theorem for Wilson lines (here, the Polyakov loop)
coupling to an operator. This determines the Feynman

diagrams that contribute to the connected correlator. At

Science, Quantum Hadron Physics Laboratory
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NLO, one has to solve 3-loop integrals, which requires
some integration-by-parts techniques. I was able to
work out an explicit algorithm that allows the automat-
ed solution of all relevant integrals, but only for the
vacuum part. For the thermal part, some modifications
are necessary and full automation is no longer possible,
so the main challenge of this work lies in calculating all

required sum-integrals by hand. This has been finished,



and a preliminary result has been obtained. The next

steps are to check it against a short distance expansion,
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compare it to lattice data, and calculate the fermionic

contribution. Then it will be ready for publication.

Single-particle Energies and Strengths Around '9Sn and 132Sn

Name: Frank Browne
Host Laboratory: RIKEN Nishina Center for Accelerator-Based Sci-

Direct nuclear reactions play a central role in the
proposed study of the single-particle energies and
strengths around '%°Sn and !32Sn. Moreover, some ex-
cited-state energies around '32Sn lie beyond the neu-
tron-emission threshold, requiring application of in-
variant-mass spectroscopy to study. The experiments
specifically targeting these regions are to be performed
in the near future. Indeed, as recently as November a
complimentary experiment was performed close to
1328n employing a newly installed high-resolution
gamma-ray spectrometer. However, direct reactions
for such heavy systems are challenging, in particular
the invariant-mass spectroscopy of unbound states. To
this end, direct reactions have been employed to study
single-particle energies and strengths about 3*Ca, a
non-canonically doubly magic nucleus. This relatively
heavy system signifies the heaviest nucleus to date to
which invariant-mass spectroscopy has been applied,
paving the way for its application to the heavy '32Sn
system. Direct proton removal reactions from 33Sc with
an energy of ~220 MeV/nucleon on a liquid hydrogen
target were used to populate the excited states of *Ca.
Excitation energies of bound states were determined
through measuring the gamma rays they emitted in
their decay. Unbound states of 3*Ca, which decay via
neutron emission, were measured through the recon-
struction of energies of the emitted neutron and corre-
sponding 3Ca. The removed nucleons that populated
both the bound and unbound excited states were deter-
mined to originate from the proton 0ds,, orbital from
the parallel momentum distributions of the reaction
residues. These holes coupled with the valence 0f;,

proton to form multiplets of negative-parity excited

ence, Radioactive Isotope Physics Laboratory
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states with J”=2,3,4,5". Proton removals which led to
ground-state population were determined to be from
the valence proton 0f;/, orbital. Calculations, however,
suggest that the ground-state of 3Sc has significant
amplitudes of neutron excited states, suggesting strip-
ping a valence proton would still leave the residual
34Ca in an excited configuration. The answer to this
counter-intuitive result lies in the two-level approxima-
tion of Oparticle(p)-Ohole(h) and 2p2h levels, and a
simplified form of the probability of populating a given
state following the stripping reaction, known as the
“spectroscopic factor” denoted by C%S. The sum of the
C?S to all states of the proton-0fy, is equal to its occu-
pancy in 33Sc, which is close to unity. Assuming both
34Ca and 33Sc are comprised of OpOh and 2p2h states,
the spectroscopic factor to the ground-state of >*Ca is
proportional to the square of the sum of the product of
the OpOh and 2p2h amplitudes. If the product of the
2p2h amplitudes has a positive sign, the C%S to the
ground-state becomes close to unity, leaving little
spectroscopic strength for the excited states. This con-
dition is satisfied by the pairing interaction, which
should be generally applicable across the nuclear chart,
including the cases of '%°Sn and '3?Sn. Using this re-
sult, the experiments relating to the Sn isotopes at the
extremes of the nuclear chart can be tuned to provide

the best conditions for the objective measurements.
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Large-scale Molecular Dynamics Simulations of Folding Pathways of
Transmembrane Self-assembling Peptides in Lipid Bilayers and its
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Engineering synthetic biology tools to aid single-cell and

‘omics’ techniques for studying RNA localization and local translation

Name: Callum John Christopher Parr

Host Laboratory: RIKEN Center for Integrative Medical Sciences,

One possible means to regulate the biogenesis, in-
cluding localization of RNA is through base and sugar
modifications in the RNA molecule. However, current
methods to determine such ‘epitranscriptomic’ signa-
tures are in their infancy and suffer three major limita-
tions: (i) over reliance on antibody enrichment which
still requires very deep-sequencing (ii) inherent non-
specific pull down through antibody-epitope interac-
tions, and (iii) can only discover one particular chemi-
cal modification at a time. Additionally, using NGS
data we can only form correlative conclusions between
a particular RNA modification and biological conse-
quence on the RNA molecule. This is further compli-
cated that many different modifications may exist on
the same RNA molecule, leading to synergies, potenti-
ation, and attenuations.

The first set of problems may be resolved through
the newest generation of commercial sequencers that
measure ionic current within a protein pore as a mole-
cule passes through it. Deep neural networks can be
trained to decipher from this raw signal, the sequence
of standard ribonucleotides (uridine, cytidine, adenos-
ine, and guanosine) as it passes through the pore. Mod-
ifications of standard ribonucleotides may also be hid-
den within this raw signal and teased out using further
training sets. As it is single-molecule sensing, we can
have true quantitative and stoichiometric measure-
ments of population of RNA molecules. We will now
begin to test the discovery of base-analogs, 4-thioura-
cil, and 5-ethynyluridine, and natural occurring modi-
fied bases such as pseudouridine (¥) and N'-methylp-
seudouridine (ImY¥) using nanopore sequencing on

synthetic RNA molecules versus unmodified synthetic

Laboratory for Advanced Genomics Circuit
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molecules before moving to cell-based systems.
Initially using a select number of training sequences,
paired samples with completely unmodified RNA or
where every uridine was modified was used to train a
classifier for the particular modification using a recur-
rent neural network. This builds on top of the standard
model used for basecalling native RNA raw signal as
so can discern between native ribonucleotides as well
as the modification being tested. In addition to calling
modified bases this also improved the overall percent
identity to the reference (70% to ~98% modal percent
identity). However outside of the limited context it per-
formed badly on endogenous RNA. To this end an arti-
ficial cDNA library was generated from human, mouse,
and yeast total RNA populations with the addition of
T7 polymerase promoter added at the 5* end so as to
permit the in vitro transcription from this dSDNA tem-
plate pool. Furthermore a more realistic substitution
rate of 30% modified was used for training. To identify
which positions are modified for creation of ground
truth reference data set we used statistical modelling to
identify raw signals inconsistent with canonical bases.
Models trained on data generated with 5-EU- or ImV -
modified RNA allowed for nucleotide resolution iden-
tification of these modifications on test data and in-
crease percent identity to ~ 96% from ~94 %. Now we
are assessing the accuracy of the models using various
experimental and statistical methods. Ultimately we
wish to apply these models to detect modifications in
endogenous RNA from various subcellular compart-
ments and detection of base-analogs in metabolic label-

ling experiments.
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Neural basis of odor-taste multisensory integration in Drosophila

Name: Hongping Wei

Host Laboratory: RIKEN Center for Brain Science, Laboratory for

We perceive the world with multiple sensory sys-
tems of various modalities. Information obtained
through these systems is integrated in our brain for us
to form perception and to select actions. However, be-
cause of the complexity of the human brain, how mul-
tisensory inputs are integrated in the brain at cellular
and circuit levels remains poorly understood. The aim
of my study is to investigate how information about
taste and odor is integrated in the brain to guide feeding
behavior in Drosophila melanogaster. When sucrose
solution, a taste stimulus, is presented to the taste neu-
rons on the legs or a mouth, a fly will extend its mouth-
part, the proboscis, and try to drink. This behavior is
called proboscis extension reflex (PER), which is the
initial step of feeding behavior. In this study, I found
that besides tastants, odors alone can evoke PER and
also enhances tastant-evoked PER, which indicates that
PER is a multisensory behavior.

In 2020, I have been focusing on the mechanisms
and physiological significance of odor-evoked PER.
Mechanisms

First, to identify the neurons responsible for odor-
evoked PER, I genetically silenced different subtypes
of GRNs. Previously, I confirmed that both Gr5a and
Gr66a GRNs are responsible. Low salt is also attractive
and can evoke PER behavior as a tastant; however, low
salt-sensing Ir94e GRNs were not required for odor-
evoked PER, because flies showed normal level of
odor-evoked PER after silencing these neurons. Fur-
thermore, I performed calcium imaging in [r94e GRNs
and found that Ir94e GRNs do not respond to odors.

Second, to test if Gr5a receptor is sufficient for
GRN:ss to detect odors, I ectopically expressed Gr5a and

its co-receptor Gr64f in water sensing GRNs, which do

Circuit Mechanisms of Sensory Perception
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not respond to odors. As a result, I did not observed any
odor responses. This result suggests that Gr5a needs
other co-factors to detect odors.

Third, to identify the molecule that mediates odor-
sensing in Gr5a GRNSs, I conducted a genetic screening
using 9 RNAI lines. Previous study showed that odor-
binding protein (OBP) genes are highly expressed in
taste organs and inhibition of OBP genes by RNAI af-
fect sucrose-evoked PER. I found that OBP RNAI flies
exhibit either increased or decreased odor-evoked PER,
indicating that OBPs are required for odor-evoked
PER.

Significance

First, to examine the odor sensitivity in GRNs, I ap-
plied odors at five different concentrations and success-
fully recorded neural responses to odors at 102 dilution
and higher concentration in both Gr5a and Gr66a
GRNSs. Thus, it is likely that odor itself is enough to
evoke feeding behavior in the natural environment.

Second, to verify the ability of integrating odor and
taste stimuli in GRNSs, I presented sucrose solution with
or without low concentration of odors on proboscis in
olfactory organs removed flies, and observed odor-en-
hancement of sucrose-evoked PER. Thus, GRNs func-
tion as an odor-taste multisensory integrator.

Third, 1 tested the possibility of odor-sensing by
GRNSs in other species. Drosophila simulans, a species
of fly belonging to melanogaster subgroup, also exhib-
ited odor-evoked PER.

However, other four Drosophila species do not show
odor-evoked PER. Thus, the ability for GRNSs to detect
odors and enhance feeding behavior may have evolved

in specific species.
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Elucidation of Molecular Mechanism of CAPON Induced Neurodegeneration
in Alzheimer's Disease
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ZIGIREE S T LI Lic, TOETNLVZVS
LT, HRDEZIRL, BETERD S ZD%RD
HELETZERTES K STk, AR,
# MU — K 3 % Simulations Resolving Individual
Stars (SIRIUS) 7B Yz 7 FDFE —fiXE LT
Publications of the Astronomical Society of Japan I
TMENT, % BH - BNRIERIS DWW TA
W2E THW =BT V2 O TR IS % TiE
TH %,
Q) KOJNERHIEKS 2 2 L— a3y THE 71
T ATCRICE AT R DR
KON, 2—a €y L Eo#kk b HEL,
r 7t A EMEN SR REE TERE NS T
2L FDOEMHET %, TN TOBIMNICEK D,
TN DRIZENFIPPERIRE M D & 5 @RISR
DNFNC RS U TN E O RIKHER O ATHEME AR
ENTV D, ABIZETIE. KOJIFEH A XD
DFHMNA—LA V¥ Iab—Ya 2o,
COPTERENIzr TR ACRICE AR
JRERBE 2 kTS 2 & TN D O EIZIRAIE A D
BN TIEE NI T EDHS MR 5 Tee AWF
P RIS, SRR OTCEMK & 8 ) A
HOBHD» S ROJNNEADHIIC ED K S xiifk
ZLIcOhZ2MRTEEXDICKD T EMEEIN
%o
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Hirai Y., Fujii M. S., and Saitoh T. R.: “SIRIUS proj-

ect. I. Star formation models for star-by-star simula-
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tions of star clusters and galaxy formation”, Publica-
tions of the Astronomical Society of Japan, 73,
1036-1056 (2021)
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Hirai Y.: “S-process elements in dwarf galaxies”, Ja-
pan-Germany Joint Workshop on Chemical Evolu-
tion in the Early Universe, online, May. (2020)

Hirai Y.: “Chemo-dynamical evolution of the Milky
Way and dwarf galaxies”, 2020 meeting of the JSPS-
CAS collaboration program “Origin of the Milky
Way halo structure explored with LAMOST and
Subaru”, online, Jun. (2020)

Hirai Y.: “Galactic Archaeology with Heavy Ele-
ments”, NAOJ Division of Science + Center for
Computational Astrophysics workshop 2020, online,
Dec. (2020)

SEJEIE, HARRDYE, Timothy C. Beers, TIEHER], 75
2, BASE, PP - “BEK I a b
—a Y THZ T a AL RICEALZ RO
PP, HARSCER 2021 HEFFHE 2, on-
line, 37 (2021)
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- J& 1% . “Chemo-dynamical properties of r-process
enhanced stars in the Milky Way-like galaxies”, 47
FR2AEEEN KB RY I ab—varyinay
T I —Y—XI—F ¢ V7%, online, | A
(2021)

BFHONICLZEFENER. RV,

BCOBIBOREBRAICET R

The study on quantum gravity and thermalization in terms
of quantum entanglement

BVt - B A ADOmBRICB N THET 285
& U THIIRIE DTS RFIIRGEIC RV, JRFTIC
BN TULEIERORY ST THH 5,

W 7% H IC 4 T5i6f 5L Masahiro Nozaki
2 AWEE 2 BANGE T Y5 L

(i #Im #%5)

C OB - BT A AOMBIROMRPRL %%
BPETH, ROXAFIZAICKEMAFEL T
%o —J7TC. AAS/CFTHRIIG & W5 BB & 8D



PERORISBRICBN T, ORI STV T%)
KRR DG ORI E I 2D T LD RIS h
TETWVDE, TOH/IT, WNART T TV VTR
BROZAF I 7 ZADF ORI MCT ST &
R, T ORI S U 7 A sh R A R B T
Lk, LOBERRAMET VERWT (BT &)
ZW7Ed 5T &ZAMREIC L D %,

HABHEE IO 28] FE DN e H BERICHE
DV, HETOR & DONEFINYIHIREDEH
MEAF I A K> TRFMICHD 7% < 7&->
TUES MR ECERMICHNTz, FHIT 20201580
AP ST VTR 2FFORXAFT I AL
9 B REMERICTEH UTIgE LTz, ThE T,
B OBIGERO L= 2 ) — IR RIS R E I 6 LU
INSOEMIERZIRB L TWEED, T b ZiiE
U CHREREAT 9 % it o & & DK %
PR L, MO T LY U e L THIT
L. BUE, fsGECiRRMTH 2, £l F7EHX
BRI E > ThrWVD, TOFMPERCHE DV THE
SIS BV TR > TRET 2 U — L« h—
JNEERNA DT Z > 7)) » F S R DI 78
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TEEMTHB VS TR LT,

Fe, HATFORTFEDONCHDE, HIRARD
WWAT ST TR EZFFOAE VETIVT
R ORFHENHERZER T 5 2 & T, AIRAR
MRICEK S TR SV TV VTR ER T e
BUHINCIAS T Uz, ARRICEMEDVE & I 21k
RO/ L E VI HEFOAE VR T, HETOR
TEONCHEDE, . ZHBMoE HHEERRZ
R U, BADEZTZAEVETIVBAE VD)
SRR 2R T S WA, Z2 5 VR LISA T
WBM, TOIMEN TR OBICIE TSRO LD
DI LKA&D, ZERROIHENE 5, D
MIC BT 260 2z RE Le, TOMRIEM e
LT 5N, BUERSGEICERRT TH %,

@OEEH K Oral Presentations
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J. Kudler-Flam, M. Nozaki, T. Numasawa, S. Ryu, and
M. Tian Tan : “Operator entanglement and quantum
scrambling”, String and Fields 2020, Kyoto, Japan,
Nov.(2020)

laZUiBHT E O ZHREDHREA L R DBIREXRAIATES

FHOILFEEL
Revealing the diversity of type la supernovae and chemical evolution
of the Universe approaching by ultra precision X-ray spectroscopy

LAEHE ., ARRENF v FIeh—IVE
B (LAKRBER) IOEDWERNSE C 2 8
HEEADNTVS, AWIETIEC OBREOZERNE
ZBIIRICER L, Zhh i sElt Geid
) ICEDEX S IR E R ZTWAh 25N
TEENHMNTH B, 11T la B BHHT 5580 Bl
W7E & FER O MR X AR EBilz Hig Uz XA
WBUER T B C & TR ST B,

AAERE OB B TIE. XEUERO Ry 7
F—REWZ B LT 7T —OlHRREDIE
SRR S Z IO TORL, FEmL e LTE L
&7 (Matthew et al. 2020), T DFEHRIK, IBFERFD

WF 2% 4 K 44 {5 A% Toshiki Sato
2 A WF 7% 2 BAIIGEA

FNE T2V F—FHHY B
(g BI#HD

BREE R FHADIE AR Z R LT 0, i
R R laREHE ORI E SN TS T+ 0D
Pk e 37 G52 RL TS, MAT, la
RBH R OTCRGRET IV & T 7 5 —OlaH L5k
WO S E Gz ik d 5 T & T C ORI,
JEFERF O HUDED SAMUNRO I LTz & 5L
Too THUR. RERBERFICA N D IERFRE 2R 08
THHRTH O, TaBEHTE OREFERNICI0 5 551
THb, MIcH, ZETiHDEFEERIKEN S B
CTEZEFIMU, BRI TE Bx 2 15 2
Yo nrsnsfinbhoiz, 4%, TORHICHE
LTk, @XM d 57 ETHS (Sato et al. 2021



in prep.).

la PR TZT T <L H)JERENE R O 876
FERSICBI LT, JuROIROHGEZ W T 7704
RDHIRD TV 5 B RS O FERE NG 1
FHIVPAC BT 2 HEREDO—DTH %, TTE
Za— MY JBIEEER ) D, bo L AR
WHTHZM, ZOhT I=Za—1rVY /HHEER
ZBINNCEEHT 5 T EDAWHETH o Tz, L.
T TR % Cassiopeia A PICAFAES 5 8LHVE & 7ok
WICHHT AT ET, TOZa—FY) / EYEOH
HAEIC K > THINT 2 B OFE 2R LTz, T
NS ORRIE. BIE I AE G X E LTRRPTH
D, SRR ZLMLERMTETH 5,

X MmO BFEMIZZIC BV TId. NASA/GSFC
I CEIMEMZE 2170, XRISM 2 #5H 0 9
HEEORFEL . TaBEHTE ORERBER ORI & B
N2 A4Ti I S DT > < fRFR NS ) U 72 5 Bk 9
BROMG 2175 720 XRISM SR IE, REIC & 1EAS
AR TH 2 M, MR B0 EF Oz
5e T L. GBI TIT S Lo s 7
THb, KERFERICBE L Tid, %EKEHHO 7 1R —
YLzt Lich, WRED S AR KT, &
%E., MEIICKERGTEOREZ1TS TETH 5,

@5 LK Publications
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1. Toshiki Sato, Eduardo Bravo, Carles Badenes, John
P. Hughes, Brian J. Williams, Hiroya Yamaguchi “A
Nucleosynthetic Origin for the Southwestern Fe-rich

Structure in Kepler’s Supernova Remnant”, The As-
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trophysical Journal, Volume 890, Issue 2, id.104
(2020)

2. Matthew J. Millard, Jayant Bhalerao, Sangwook
Park, Toshiki Sato, John P. Hughes, Patrick Slane,
Daniel Patnaude, David Burrows, Carles Badenes
“An Ejecta Kinematics Study of Kepler’s Supernova
Remnant with High-Resolution Chandra HETG
Spectroscopy”, The Astrophysical Journal, Volume
893, Issue 2, id.98, 13 pp. (2020).

3. Toshiki Sato, Takashi Yoshida, Hideyuki Umeda,
Shigehiro Nagataki, Masaomi Ono, Keiichi Maeda,
Ryosuke Hirai John P. Hughes, Brian J. Williams,
Yoshitomo Maeda, “A Sub-Solar Metallicity Pro-
genitor for Cassiopeia A, the remnant of a Type IIb
Supernova”, The Astrophysical Journal, Volume
893, Issue 1, 1d.49, 9 pp. (2020)

4. Ryosuke Hirai, Toshiki Sato, Philipp Podsiadlowski,
Alejandro Vigna-Gomez, Ilya Mandel “Formation
pathway for lonely stripped-envelope supernova pro-
genitors: implications for Cassiopeia A”, MNRAS,
Volume 499, Issue 1, November 2020, Pages 1154-
1171, (2020)

5. Gilles Ferrand, Donald C. Warren, Masaomi Ono,
Shigehiro Nagataki, Friedrich K. Ropke, Ivo R. Seit-
enzahl, Florian Lach, Hiroyoshi Iwasaki, Toshiki
Sato “From supernova to supernova remnant: com-
parison of thermonuclear explosion models”, accept-
ed for publication in The Astrophysical Journal, Vol-
ume 906, Number 2, (2020)

IEBREBRD/-HDEFQCDEHE

Development of lattice QCD technique for
future accelerator experiments

SEEENHEEN S5 & E, T —<THS
B2 E 2 T O TR T QCD O FE i i D% i %
W5 xir> TV, KT QCD TIXEY T A aik
ZROWTT—VRNZER L, ZTh BRI HA

W78 & IK % @A K Akio Tomiya
2 A W2 = AR R A v 2 —

RPRIRIRSE 7V — T
(FisE i 5

Z VHHFRMED FI RIS B S % B O R &
KD B, 2020 4 XD T — VHEERIIGH LZ
OB ZMGEE LTz, BAAICIE, A EEYTh
baik L LA G DRI 7V Y X Lzl



NTW%, HEZ2Ee 7ok, YritiEm T
LB =7V TN AL THONEDHRES N
TVBEMYYHOTFETH S, TNETIKT +—
JORTWHLERED AR Ul Gt
B ma F 5 L&, https://github.com/akio-tomiya/
LatticeQCD.jUC TR TN TV 3, S&IEHEICE
HOMBIZITS, £le— A THRIEIC KB T
QCDEMEZITV, U (1) SFEDOBEN Z MRGE
L7z,
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H. T. Ding, S. T. Li, Swagato Mukherjee, A. Tomiya,
X. D. Wang, Y. Zhang, “Correlated Dirac eigenval-
ues and axial anomaly in chiral symmetric QCD”,
Physical Review Letters Accepted, arXiv:2010.14836
[hep-lat],

Mamiya Kawaguchi, Shinya Matsuzaki, Akio Tomiya,
“Nonperturbative Flavor Breaking in Topological
Susceptibility at Hot QCD Ceriticality”, Physics Let-
ters B 813 (2021) 136044, arXiv:2003.11375 [hep-
ph],

Heng-Tong Ding, Christian Schmidt, Akio Tomiya,
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Xiao-Dan Wang, “Chiral phase structure of three fla-
vor QCD in a background magnetic field”, Phys.
Rev. D 102, 054505, 2006.13422 [hep-lat],

@OFEH X Oral Presentations

Akio Tomiya, “Quantum computing for QCD phase
diagram? Finite chemical potential and tempera-
ture?”, (Virtual) Kickoff meeting of C2QA center,
Virtual, BNL, 30 October 2020

Akio Tomiya, “Machine learning and theoretical phys-
ics (invited)”, Progress of particle physics 2020, Vir-
tual (JST), YITP, 4 Sepember 2020s

Akio Tomiya, “Thermal field theory with pure states”,
Asia-Pacific Symposium for Lattice Field Theory
(APLAT 2020), Virtual (JST), KEK, 6 August 2020

Akio Tomiya, “Self-learning Monte-Carlo for non-abe-
lian gauge theory with dynamical fermions”, (Virtu-
al) YITP seminar, 7 December 2020

Akio Tomiya, s “Applications of machine learning on
theoretical physics”, (Virtual) Shimane university,
Japan, 29 October 2020

MAFHICHE T3 FHMERES & L LRTELDORHEEA

Galaxy Evolution along Cosmic Web in the Early Universe

BUEOEHERN 2 THHE T IV TR, NY AV ORH
S E N TR 7R < i (Cosmic Web) L ITFIEN
2 kD FIROREEICIR > THM LTV 5 & TRIE
NTWV3B, N5 DM & 72 8 < J R E
(Intergalactic Mediums, IGM) &, FH OHEEE K.
HZHWVIZIECZBES B L TRPEHRVERT
BB, N TCHABEORHEET R EDEML>T
ZOXRMBEE IS TRV EFRENTED, 20
BUHNIFRICHEL <, DB DEATHLERL,
AW T AR 3.1 (S EEAERTOFHHICH)
DRIz g e L, SN TRICHERMIC T
HENTEIOXS HIWEYEO xRy b T—72

W 7% % IC % Mkl 585 Hideki Umehata
2 A WF 7% 2 BAIIGEA

Bobie - BBTEEZEE
(s Pt me)

TH 2 FHMO MY O = XocimigDRE % Hi5
T, IHICFHMEHA L LTEDX S ICHHZ
DHARBEFLTREL TV 20, IIVFRYT
—)L T O L DRI BT

AL EHE IV T IVEEZHES 7 ILY
QsgE, WEDEDOETH S VITHiHsi, ThT
AU IO TN & b 7z e U 7z,

(1) ORI RE IOV T IV~ Y
HHIC X B 5 Bl R X T — LR EZ
WU, K5 RE4.0 PE LTz,

Q) KA 3 1D QOI9FEICH IR LIz D &
3 BT DV THM S X TR ER OO



BRI LTz,
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Hideki Umehata, Ian Smail, A.M. Swinbank, Kotaro
Kohno, Yoichi Tamura, Tao Wang, Yiping Ao, Bun-
yo Hatsukade, Mariko Kubo, Kouchiro Nakanishi,
Natsuki N. Hayatsu, “ALMA Deep Field in SSA22:
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A near-infrared-dark submillimeter galaxy at z=4.0”,
Astronomy & Astrophysics, 640, idL8, 7pages, 2020
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HEMHSERD © “ALMA T X % JbndR v FAER A O Bl
&3 % @SB OIARE”, T BN E
VURIYTIN2020, VT4V, 12H (2020)

N7 PVHEFOBRRNEEFROSHRITAEICSL S

NEFOYEEDRIRD RS

Measurements of Spectral Change of Vector Mesons in Nuclei

AWIZEOHNIE, NForogah N Rar D)
FHOE & OBMR TIE S NS ENEHEETH S C
ERFERINTRT Tdic, N7 RV 7O 7%
WTORE RN & B ToOHBREMiElE L, Z
DAEZWHICHET 222 TH S,

— &I T — 7 BN B VT FIE3 DD 7 +
— I HRRENSD, ZTOHERE (938 MeV) &
HAD T + =T 7 AR K > TR ERD
HgiA (BMeV) &L TIERICE Y, Thid
H A ZIVKFRME D [ & W S BN T REfR X
N, L ZIFANSNTNS, ULH L T OBEMNZIE
T IGE LT BRI TH 5, £ T TAMZKT
FHlFOE RS2 BEIET 5 2 & T, HEO
Rz i %

AWZE TR RN THiIEST 2 X7 MV,
RS o OB R 2 E R T v >~
IV SRREKT 5 T & THIET %, o I35
T E— Lz FRAECISS 5 2 & THKRT S
M. FIRACE FRFE rOERFR E & 5608 n hi
TREICERES N, BHERCAST 5, HERE
BOAENES 5 oiiE,. KEOME nhil 70
i 5 BB 72 SR DIGHEER CTHET 5
REND B, TDIHIC, mdeLTNFrY T
T4 R eI NS E e AF 2 LY
TN ER DB Z D T E T,

AR, REEICANRT O A—Z—ICA VA

WE 2% 35 K 44 E5% J¢AF  Koki Kanno
Z A WF 78 2 A REIR A > 2 —

RERRITTE R
(FisE  fEiL 75 N)

F—=IVUTFEBN R YT 54 2 R Es D TERE
A U7z, B aa T o L REGHER O EE H
D J-PARCD E— LT 1 >~ OFEHBEA EN, 4]
TE LT T2 RERBAGAHY 202012 A A 5 2020/6 A I
FTNTATLEN,
RBETHEH T 25 7 E—LEHWT, A% L[
O TaIyyraZrreiiol, itz —
AZRITIBES TV A D, LI Fay T
FA Y PRI E T ZAETE TV T DR
TEFAELIRIEEOTY 2 — VB R L7,
AHED = DICAFISEY 2 —)IVHRETH % D,
AAEEICA4T|Y a—)b, SHEEIC2EY 2 —)VEYE
Llzo BB UTZEY 12—V ED THERRICHE
MO II vy a =V IO FETH B, TD
dIwvaZyyickoTNRary7o4 Y M
MEGL AR b XA—2—OMEERFHE L, X7
MV O R Z IS % .
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(proceedings)

T.N. Takahashi et al., conference proceedings of
RT2020, e-Print: 2011.00225

(BRSO

T. Yamaga et al., Phys.Rev.C 102, 044002(2020)
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Koki Kanno, “Experimental study of spectral change

of vector mesons in nuclear medium at J-PARC”,
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Hadron In Nucleus 2020, Panasonic hall in Yukawa
Institute for Theoretical Physics/online, 8-10% March
2021

Scanning Tunneling Microscopy/Spectroscopy Investigation of

‘Drumhead’ Topological Surface States

Name: Christopher John Butler

Host Laboratory: RIKEN Center for Emergent Matter Science,

Over the course of this fiscal year, two major works
were developed concurrently. The first concerns results
acquired in an initial period of training in the FY2018
timeframe, on the material 17-TaS,. The second work,
which more closely follows the original target of this
SPDR project comprises measurements on the topo-
logical Dirac semimetal BaNiS,.

The former work has two parts, the first describing
scanning tunneling microscopy (STM) observations of
inter-layer correlations and their effect on electronic
structure in the Mott-charge-density-wave material 17-
TaS,. This was published in Nature Communications in
early FY2020. The second part was also developed to
completion, describing the observation of spectroscop-
ic signs of electron-phonon coupling in 17-TaS,, name-
ly a so-called Franck-Condon progression of peaks ob-
served in tunneling conductance spectra. This work
helps to elucidate the microscopic interplay between
electron-electron interactions and electron-phonon in-
teractions in a material where both are simultaneously
strong. The manuscript describing the work is now on
track to be accepted at Physical Review X.

The latter of the two major works, on BaNiS,, was
developed to the stage where experimental work at
RIKEN is now complete. First, as described in the orig-
inal SPDR proposal, a combination of quasiparticle in-
terference (QPI) observations, and Landau level spec-
troscopy, was used to establish details of the surface
electronic band structure of BaNiS,. The energy of the
Dirac points, average Fermi velocity of the Dirac

cones, and other properties were ascertained, and other

Emergent Phenomena Measurement Research Team
(EPMRT),
Laboratory Head: Tetsuo Hanaguri

properties such as the Brillouin zone location of the Di-
rac cones can be estimated upon further interpretation
informed by numerical calculations. These calculations
have been completed by Dr. Yuhki Kohsaka and Dr. M.
Saeed Bahramy, and interpretation is ongoing. Al-
though the original project anticipated that certain to-
pological Dirac semimetals will host novel ‘drumhead’
surface states spanning the region enclosed by a Dirac
nodal line, it was quickly found that a closed nodal line
is not in fact found in BaNiS,. Nevertheless, a seren-
dipitous discovery of apparent electronic nematicity,
possibly a manifestation of spin-fluctuation-driven or-
bital order, was seen in BaNiS,, and thoroughly charac-
terized using spectroscopic imaging techniques. Theo-
retical investigation of the possible mechanisms behind
this electronic nematic state are ongoing, with the help
of Prof. Hiroshi Kontani of Nagoya University.

With regard to the search for ‘drumhead’ states, a
small number of candidate materials have gradually be-
come available for STM experiments, or are expected
to become available in the near future, namely CaAgAs
and CaP;. These candidates will be investigated at the

earliest opportunity.

@Publications

Butler, C. J., Yoshida, M., Hanaguri, T. and Iwasa, Y.:
“Mottness versus unit-cell doubling as the driver of
the insulating state in 17-TaS,.” Nature Communica-
tions 11,2477 (2020). *

Yasui, Y., Butler, C. J., Khanh, N. D., Hayami, S., No-
moto, T., Hanaguri, T., Motome, Y., Arita, R., Ari-



ma, T.-H., Tokura, Y. and Seki, S. “Imaging the cou-
pling between itinerant electrons and localised
moments in the centrosymmetric skyrmion magnet
GdRu,Si,.” Nature Communications 11, 5925
(2020). *

Butler, C. J., Yoshida, M., Hanaguri, T. and Iwasa, Y.:
“Doublon-like excitations and their phononic cou-
pling in a Mott-charge-density-wave system.” sub-

mitted *
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International Conference

Butler, C. J., Yoshida, M., Hanaguri, T. and Iwasa, Y.:
“Tunneling injection of doublon-like excitations and
their coupling to the charge density wave in 17-
TaS,.” American Physical Society (APS) March
Meeting, online meeting, March 15-19.

Conference

Butler, C. J., Yoshida, M., Hanaguri, T. and Iwasa, Y.:
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“Exotic Bound States and Dynamics of Electron-
Phonon Coupling Observed in 17-TaS, Using Scan-
ning Tunneling Microscopy” Japanese Physical So-
ciety Autumn Meeting 2020, online meeting 2019
May 22-24.

Butler, C. J., Kohsaka, Y., Bahramy, M. S., Hanaguri,
T. and Shamoto, S.: “Scanning Tunneling Spectro-
scopic Observations of the Correlated Non-symmor-
phic Dirac Semimetal BaNiS,.” Japanese Physical
Society March Meeting 2021, online meeting 2019
May 22-24.

Invited Oral Presentations

Butler, C. J., Yoshida, M., Hanaguri, T. and Iwasa, Y.:
“Tunneling injection of doublon-like excitations and
their coupling to the charge density wave in 17-
TaS,.” Annual Meeting of the Physical Society of
Taiwan, Chung Yuan Christian University, Taoyuan,
Taiwan 2021, January 27-29 (cancelled).

Coupled-wire construction;x %A L 7=

EFHRAES I VEFHEROMRA

Theoretical Studies on Quantum Critical and Quantum Magnetic
Phases by Coupled-Wire Construction Method

RO cRFREPEARIC B % &A1 L AR etE o
FNFIC K DU B a s rAHOBR L Mgz H
e L., RICHETFAEVEHAHEWICHEG L TIERE
NZETFAE VR, HEVEETHMEA LTINS
PR TG BERIITE 21T > TV B, AEEIE R
TAE VEYIEORFANDILH Z i st 2171 -
2o
(1) SEIRBETAE YD IXITICHA TV S & T
A ¥ v #&, Jordan-Wigner Z #1Z X - T, 112
filling @ spinless fermionB{ICE XX 25T LN TE
%, BYDNAERERDI2EDTIVA T LICINE
2 RERS AHHAMEH. BIZERBEWSEEE, KXo
TAEYF vy THHL T EMHIENTNS, AW
LTI 4V A HENINGSZ R OWYIC K%, S=1/2

WF 28 % K % iy 18T Shunsuke Furuya
Z A WE 72 = BREZEA

AP
(FisE il i)

HTAEVHANDZE U F v v T Oz HEEHTIC
T35 L. EEIHIK 0 T HEREZ O TBUEICR
Ak LTz, CORGIERTAE VEIN4Y A MEO
screw kG Z KDY Ic, SHERD SEIIN U 7o —Ek
s L lABDE BT ETHELUS 1280, screw il
MR 2ICT B, T O screw i o JE M
spinless fermion D G AR EAHLE VD, screw i
Biem A E VEHANOEB L AT L2 RBEICH
WTC2Y A FMEMKED, AV F vy T2HT S
CEDTEBZMEMENDFAELEENS, TDXSIE
RE NI EAERIE B TlR7EL, LA, K
BB EAE & 1A Ui 2R, S, <
O screw 13 % S=1/2 Heisenberg )5 58 g 851 FIT AN
5. TOTFMHAH BAEH OE R L iAs T



HBEAX—HENFEBICHRL S NS T & HEUHY
IR E N, LRl ORGPl L BB ARG D
Nizo AWHZE TR OB OTIc L EX 5
T EDIFERFENDILH & i U7z AWIZED
JSHBlIE UT, 1A )V AE VEYIE [Cu (pym)
(H20) 4]SiF6 » H20 (Liu et al., Phys. Rev. Lett.
122, 057207 (2019)) THWZ X NI FFR R
AV F v 7 LY B RetE 2 45h L7,

(2) S=12 BT AE VP 2AKA LIERE 1AD
Lt b R WA 3% 2 Rd T EAHLNTVS,
CORBAEVEFREMEIN, EOREY TROE
oLy b ZA—72FT D rung DI
B d %, BPCBE M2 AU+ 9HE
(C5H12N) 2CuBr4 (FHMM G A U HrE e L
THODISEMTRACHREINTE ., 2 DK
BRWEZE TIEBPCB D R & U T, Il 5 o) 5 7%
Heisenberg 2 H#UfH FLAE H % rung & leg DI ICHFD
AE VT OBRINHIV SN, BRI IR &
BETHHERMESN TV, LM LEDS, #EF
A VHIBFERC OV T (L OILRTHMTE
21X ED) WUNERHSFREDBANIC BASR D
B RELRZT B, FEE. FAILLTS.C. Furuya er al.
Phys. Rev. Lett. 108, 037204 (2012) TBPCBD*Z
PUHHEAERNIC S NS OWE DA ET 2 T L 215
U720 ARWIZETIE T OIS WIS HE HAE
OWBNZRE L UT, KESFEOBNIC K S
Dzyaloshinskii-Moriya (DM) fEHAEHIC &K% T &
ZiER LTz, ARG E 51, DMMHEEH O L
LT, Wb, Whic X sk S hiiift
DR EZHEIFIREALD 172175 2 FEOE IS B
T, AEVFry v IhBNS T L2525 - BlEaiIc
RUTz, M) TEHEOMDIER T IR T DK S

XVIiI-011
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Theoretical Study of Dynamical Responses of Systems
with Geometric Phases
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Coherent phonon/magnon generation driven by photoinduced phase transition
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Observation of inverse optical magnetoelectric effect
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Electromagnetic response in spiral magnets
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Exploring On-Surface Photo-Synthesis under

Ultrahigh Vacuum Conditions

Name: Chi Zhang
Host Laboratory: RIKEN Cluster for Pioneering Research,

In FY2020, I systematically studied three molecular
systems: (1) on-surface intermolecular coupling reac-
tion of alkynes; (2) on-surface steering of reaction
pathways catalyzed by gas molecules; (3) on-surface
intramolecular isomerization reaction (still under de-
tailed investigation). All these systems are explored by
the combination of scanning tunneling microscopy/
spectroscopy (STM/STS) and density functional theory
(DFT) calculations. More importantly, the tip-en-
hanced Raman spectroscopy (TERS) technique has
been successfully integrated into my study in the past
fiscal year, and it was used to experimentally judge the
core chemical groups involved in the reaction interme-
diates or products at the single-chemical-bond level

based on the corresponding vibrational modes.

Surface and Interface Science Laboratory

Laboratory Head: Yousoo Kim

Highly unsaturated m -rich carbon skeletons are ver-
satile in tuning the structural and optoelectronic prop-
erties of low-dimensional carbon nanostructures. How-
ever, precise chemical identification and controllable
integration of the target sp-/sp>-carbon skeletons dur-
ing synthesis are challenging and elusive. In the study
of the first system, the 7 -skeletons generated by the
coupling of terminal alkynes were visualized and iden-
tified at the single chemical bond level both topograph-
ically and spectroscopically, and further bond control
was demonstrated. By a combination of STM/STS and
TERS techniques, we precisely revealed the generated
sp-sp?-carbon skeletons in real space as evidenced by
their characteristic topographies and localized elec-

tronic and vibrational properties. Furthermore, by ap-



plying voltage pulses from the STM tip to the target
molecules, bond control is achieved resulting in the
dehydrogenative transition. DFT calculations further
validate that the lowest unoccupied molecular orbital
derived densities and the CC stretching modes of sp-
carbon are valuable in recognition of  -skeletons.
This study shows the versatility of spectroscopic infor-
mation in realizing single-chemical-bond determina-
tion in surface chemistry, which can shed light on
chemical identification and bond control of extensive
carbon-based nanostructures/nanomaterials, and open
up opportunities for further property optimization.
Additionally, in the second system, I have investi-
gated how to steer the reaction channel and it was real-
ized based on a heterogeneous catalysis strategy. By
using the molecular O, as reactant in the above-men-

tioned alkyne system, the original addition reaction

XVIiI-016

pathway can be prohibited, while a dehydrogenation
process is facilitated instead. The underlying mecha-
nism was unraveled based on theoretical analysis,
which shows fundamental insight into the gas-surface
interactions and reactions.

As the last part, the on-surface intramolecular isom-
erization reaction is currently under investigation, and
hopefully, photo-/thermal-induced intramolecular re-
action mechanism can be explored at the single-mole-
cule level. By focusing on the intramolecular reaction,
the difficulties in the molecular diffusion at low tem-
peratures (~ 5 K) can be avoided for the on-surface
photo-synthesis, which are the main problem so far for
the intermolecular reactions. The control experiment of
thermal-synthesis has already been performed with
preliminary results as a guide for further photo-synthe-

sis (by photon and plasmon).
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Molecular Simulations of Heme Transport and
ATP Hydrolysis by a Heme Transporter
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a Conformational Change of Heme ABC Transporter
BhuUV-T”, The Journal of Physical Chemistry Let-
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XVIII-017 Development of Quantum Spectroscopy beyond the Classical Limit

Name: Korenobu Matsuzaki

Host Laboratory: RIKEN Cluster for Pioneering Research,

Time-resolved spectroscopy is a powerful technique
to study the photochemistry and photophysics of vari-
ous molecular systems. Here, a sample under interest is
photo-excited, and the subsequent time evolution of the
system is interrogated as a function of the delay from
the moment of photo-excitation. In order to perform
such measurements, the system needs to be photo-ex-
cited at a well-defined instant. For this reason, pulsed
lasers are usually used as the light source. However, the
use of pulsed lasers gives rise to several shortcomings.
First of all, the high peak intensity of pulsed lasers is
detrimental to many samples that are easily damaged
by photo-irradiation. Secondly, pulsed lasers are ex-
pensive experimental apparatus with a large footprint,
and they are not always readily available.

This year, I proposed a completely new approach for
performing time-resolved measurements. In the pres-
ent approach, instead of pulsed lasers, entangled pho-
ton pairs are used as the light source. Entangled photon
pairs are a nonclassical state of light where every two
photons comprise a pair with temporal as well as fre-
quency correlations. Of special interest is the case
where entangled photon pairs are generated from a cw
laser by virtue of the parametric down conversion pro-
cess. In this case, even though the photon pairs are gen-

erated at random moments, the two paired photons are

Molecular Spectroscopy Laboratory
Laboratory Head: Tahei Tahara

always emitted synchronously, and this synchronous
nature of the two photons can be exploited to perform
time-resolved measurements. Thus, using entangled
photon pairs generated in this manner, time-resolved
measurements can be performed while avoiding all the
disadvantages originating from the use of pulsed lasers.

As the first experimental demonstration, using en-
tangled photon pairs as the light source, I performed
the simplest time-resolved measurement, which is the
fluorescence lifetime measurement. In this measure-
ment, a sample is photo-excited by one of the two
paired photons. Meanwhile, the other photon in the pair
is detected by a detector as a reference to record when
the photo-excitation of the sample took place. Subse-
quently, a fluorescence photon emitted from the sample
is detected by another detector, and the fluorescence
lifetime is determined by evaluating the temporal dif-
ference between the photo-detection events on the two
detectors. Using a rhodamine 6G solution as a sample,
I have successfully demonstrated that fluorescence life-
time measurements are indeed possible based on this
new measurement principle.

In the fluorescence lifetime measurement realized in
this study, the achieved time resolution was 230 ps,
which was limited by the response time of the detec-

tors. This limitation can be mitigated when the pump-



probe technique is utilized. In this case, picosecond or
even femtosecond time-resolved measurements are ex-
pected to be feasible using entangled photon pairs de-
rived from a cw laser as the light source. I regard the
present result to be an important first step towards such

exciting future projects.
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Theoretical Analysis on the DNA Repair Mechanism of
Blue-Light Photoreceptors
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Ultrasensitive Protein Analysis using Single-Molecule Microscopy

Name: Sooyeon Kim

Host Laboratory: RIKEN Center for Biosystems Dynamics Research,

In the present study, we aim to develop novel bio-
analysis for protein using 3D single-molecule imaging.
Single molecule imaging is a cutting-edged technique
that reveals molecular-level spatial information of indi-
vidual molecules in biological samples at the limit of
resolution such as attomolar concentration.

So far, we have established an experimental and ana-
lytical procedure of single-molecule fluorescence gel
and capillary electrophoresis using our home-built
light-sheet microscope, PISA microscope. In FY 2020,
we have carried out (1) single-molecule fluorescence
gel electrophoresis using single-cell lysates and (2) es-
tablishment of the detection system for single-particle
light scattering. This year, we have succeeded to distin-
guish more than 40 protein bands from a single-cell
sample and reveal a presence of heterogeneity in pro-
tein expression among cells.

In the scattering measurement, the scattering intensi-
ties of sub-micrometer-sized polystyrene beads were

found to be proportional to approximately 61 power,

Laboratory for Cell Systems Control
Laboratory Head: Yuichi Taniguchi

which agrees with the theoretical value of Rayleigh
scattering. This proof-of-concept test implies our
home-built light-sheet microscopy can be applied to
single-molecule-level characterization of proteins in
future. Based on the obtained results in FY 2020, we
are going to apply these new analytical methods to re-
veal the long-lived biological questions, the correlation

between transcriptome and proteome.
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Development of Na'/K* Specific Indicators with Raman Spectroscopy
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Cancer Targeted Delivery of Peptide-Assembled Carriers

Equipped with Dual Aptamer Ligands

Name: Nandakumar Avanashiappan

Host Laboratory: RIKEN Center for Emergent Matter Science,

Aptamer-ligand conjugates for cancer targeting: In
this study, peptide aptamers were selected for folic acid

(ligand) to enhance the specificity and binding affinity

Emergent Bioengineering Materials Research Team
Laboratory Head: Yoshihiro Ito

of folic acid towards folate receptor alpha (FR-a),
which are over expressed in many types of cancer cells.

In silico optimization and in vitro binding affinity stud-



ies reveled the selected aptamer-folate conjugates
(LXD and EXK) showed the enhanced binding affinity
with FR-a, and the reduced binding affinity with an-
other isoform of folate receptor beta (FR- f3 ), which are
expressed in normal cells. To evaluate the specificity of
conjugates towards FR-a, the conjugates LXD and
EXK were chemically conjugated with liposome con-
taining anti-cancer drug molecule for cell experiments.
The LXD and EXK conjugated liposome showed high-
er cytotoxicity with FR- a expressed cell lines (MDA-
MB-231 and KB cell), while both the liposome conju-
gates exhibited less cytotoxicity with FR- § expressing
cell (Hela cell) and negative control (CHO cell). The
above results reveled that aptamer-ligand conjugates
showed the enhanced binding affinity and specificity
towards FR- @ and these results encouraged to further
evaluate the efficiency of selected aptamer-ligand con-
jugates using in vivo analysis. Presently, in vivo experi-
mental studies are under way to achieve the final goal
of this project.

Peptide based nano-assembly as a drug carrier: Pep-
tide containing chemically conjugated lipid (L12C16)
was used to design the nanocarrier for anti-cancer de-
livery. Peptide and lipid were conjugated with redox

responsive disulfide bond. The synthesized L12C16 is

XVIiI-023

self-assembled in saline and self-assembled material
properties were characterized by TEM, DLS, CD and
membrane fluidity analysis. TEM and DLS data re-
vealed the formation of uniform size vesicle with diam-
eter of 49 nm. CD and membrane fluidity analysis indi-
cated peptide and lipid units were undergone self-sorted
nano-assembly in presence of glutathione (GHS). Can-
cer cell have an increased level of cellular GSH. These
self-sorted assembly would have GSH and temperature
sensitive drug release profile. Presently, in vitro drug
release studies in the presence of varying concentration

of GSH and temperature are underway.
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Investigating the Role of an RNA Methyltransferase:

Fibrillarin in Neural Stem Cells

Name: Quan Wu

Host Laboratory: RIKEN center for Biosystems Dynamics Research,

Developmental events often take place sequentially
under the control of clock-like mechanisms, as exem-
plified by the cerebral cortex, which is formed by se-
quential generation of diverse neurons owing to the
temporal pattern of neural stem cell (NSC) state. While
the temporal NCS state has been regarded as mainly
defined by transcription and epigenetic modifications,
it remains elusive what drives its progression. I proved
that translational control of histone H3K27me3 modi-

fiers is part of this developmental clock. I first showed

Laboratory for Cell Asymmetry
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that the temporal pattern of NSC state is represented by
genome-wide H3K27me3 but not H3K4me3 modifica-
tion. I identified that Fbl, a ribosomal RNA methyl-
transferase, as an upstream regulator of H3K27me3
modification. Fbl selectively regulates the translation
of mRNAs encoding both the Ezh2 methyltransferase
and Kdm6b demethylase of H3K27me3. Concomitant-
ly, Fbl depletion compromised change in H3K27me3
pattern and delayed the temporal progression of NSC

transcriptional state in an intrinsic manner. These de-



fects are phenocopied by the simultaneous inhibition of
H3K27me3 methyltransferase and demethylase, but
not either of them, indicating the role of Fbl in the glob-
al epigenetic rearrangement. Selective acceleration of
Ezh2 and Kdm6b translation by Fbl is exerted via a
cap-independent mechanism of their 5 untranslated re-
gion. These results thus propose that Fbl drives the in-
trinsic clock through the translational enhance of H3K-
27me3 modifiers along the regulatory axis of
Fbl-H3K27me3 modification to define the NSC tempo-

ral state.
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Notchl and Notch2 collaboratively maintain radial
glial cells in mouse neurogenesis
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Coherent X-ray Diffraction Imaging of Three-dimensional Structures
of Whole Biological Cells in Specific Phases on Cell Cycles
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Regulation of Biopolymer Morphology using THz Irradiation
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KE 25 A EHT T LIS LTz, SEEOHE
LW THz Rl o#EBRIic X b, /N EEEDH )
ZFRED THZ MDA EFIRENTE D, 5%
BV RRE ERRA 7R BRI BT % THZ Y E ORI

Wk 2% 35 K 44 : (LR ©Ff  Shota Yamazaki
Z AW = DR LA 2 —

TINWIA A=V THRTF— I
(FilsE  Ra W)

WP REEINS, KO HIZ. ZhhE5DFH LY
THz YCHARBHFIC 31 B F i e LT&RiDT &
HHFE NS,
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1. Yamazaki S, Harata M, Ueno Y, Tsubouchi M,
Konagaya K, OgawaY, Isoyama G, Otani C, Hoshi-
na H “Propagation of THz irradiation energy through
aqueous layers: Demolition of actin filaments in liv-
ing cells” Scientific Reports, 10, 9008 (2020)*

2. Yamazaki S, Gerhold C, Yamamoto K, Ueno Y,
Grosse R, Miyamoto K, Harata M*. “The actin-fam-
ily protein Arp4 is a novel suppressor for the forma-
tion and functions of nuclear F-actin” Cells, 19,
E758 (2020) *

3. Yamazaki S, Harata M, Ueno Y, Tsubouchi M,
Konagaya K, OgawaY, Isoyama G, Otani C, Hoshi-
na H “Propagation of THz irradiation energy through
aqueous layers: Demolition of actin filaments in liv-
ing cells”. BioRxiv 846295; doi: https:/doi.
org/10.1101/846295.
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4. (i e, 7 F )L SEIRGHC X 2 HlIfaN & >~
INTEESROW AL — THz 2 U A E A%
& UTEBRNENERES B etz 3R —", 6 H
(2020)
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5. ILIERE, <7 SNV ERURHC X B AN 2 >
INTHEREBKROWNAL”, 7V AT RA
7 A fRFGECH, TH (2020)

6. IHIRREM, 7 F NIV YERURHC K B AfiflN % >
)N T B 5 1k O Wr iy {7, Laser Focus World
JAPAN. 1145 (2020)

7. Shota Yamazaki, “Radiation hinders protein fila-

ments from forming”. RIKEN Research Fall 2020.
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2. Yamazaki S., Harata M., Tsubouchi M., Ogawa Y.,
Isoyama G., Otani C., Hoshina H.: “The Effects of
THz Irradiation on Cellular Actin Filament”, 45th
International Conference on Infrared, Millimeter,
and Terahertz Waves, WebB# £, Nov. (2020)

3. LA @ “THz YC o S ekt 2 I L 72/l
RABERERIT", 7 F ~IL Y BPEO RS VI, Web
B, 117 (2020), 8RR,
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5. Yamazaki S., Ueno Y., Harata M., Otani C., Hoshina
H.: “Manipulation of bio-polymers by THz-induced
shockwaves”, HILK# & BAL RS ERT s >
AT L, WebBift, Dec. (2020)

6. ILIERE, PEHERT, ERfA L, AARSERE. K
BHAT. DIE—. JRHEBE, REVEE : T2
NIV OV 2GRN K 7 7 F U HED
Wrivie”, W43y FAEYIA R, Web B, 121
(2020)
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Chemical Biology Study on NPF Transporters for Identification
of Novel Bioactive Metabolites in Plants

TG 2 ORI 2R A 2 BT 5 T &
TAWNCZLT 2 BEERBIICHIG L TV 5, TDF:
B, KO EY) & LR L T EENICHMETS
FRMEICE A AEPET 2 YIREE 100 TREICE 15
LHEB LN TV, FXi, Gt E -
A D—BRE VR %, LA L. ZOHEMES KIS,
EHN IR BEEI D S D THRWRE S D L TR,
Z TR, TABE T2 RO Z i o K
EXBEIEK. BREGEIGZRIET 550 7HRELHA
T. ZOHEE - FEHB X CEISEOMIAZ gL
Wez g U T ¥ 7,

PG PEYIE D IEMEICHEREFE BT B 72 DITiE. TE
FIEBAL GREFED) ~OzhHr7ziig) 7 at Ah EE
THb, T TAIETIE, FPEEYE Dbk
& U GEFEEHZED 2118 - /T F Rifiinkik >
7 2 U —NPFIZ# H L. NPF Ok e o A& %
DTz, FICETIVEBRMYID A XFXF D
NPF7.3 Z KRS NPF7.3 22546k (npf7.3 %K) DRBL

W 7% #% IC % 0552 8/ Shunsuke Watanabe
2 AN W7 = REEERREM S 2 —

wpSHEZ L= b
GnEE R i)

FUSRAT I TS NPF7.3 2 38819 % BERF I 2 U 7z
R O AT ERABRIC X o TR O[] 1 HY
DfATZ,

WEAETE £ TIT, npf7. 3OS T INEIC BT 2
L. EHHMICH > HROMEDSHEI AT
% T &, ET=NPF7.3HWH )1 EERAY) RV
EY - A—FT Y (IAA) DOnilkikA > R —)VEsHE
(IBA) 12X U TRWHITNEL D AR TEMEZ D T
ERFEZ DTV, WOBESEFTA—F 250
HHEROE MR Z (REN ) T & THEE
N3, T THEEE, NPF7.3DZ RGO A
—F T VINEICH A BB ORGEB X UG T O
NPF7.3 DFEBIHHFEOBIR 2D Tz, A—F 2 Vb
%~ —71— DR5:GFP 25 A U Tc ARk & npf7.3 4k
FHENICHEE LT L— 290 ERIET 52 LT
HEhHAMZEZEE S, Z0%. WO GFPHED
i BIEE Uz, ZORE, BAKOMROHEJIIT
HEN 2O GFPHO D npf7. 3 TlRIZ & A EHI



gENd EmM &SGR OHOCHRE D FIKTHE
THhotee Ld, TOEREKBRNIIAA DHE
PG Tl Liz—75. IBAO#S TIEEIE Lo
fzo F7z. NPF7.3 7 0E&— % — :GFP 7z H{\ /= 2%
IR A 5 & NPF7.3 DR O M R8I L
TWaAZ LWL EES T, DLEORENS
NPF7.3 13RI W T IBAH D iAA Ak E LT
HERE L. IBAD 5 IAA NDRHZE 2/ U T HE
DA —=F 2 YAEERICEHT G LTV T EAVR
eI NIz, RIS, T XTI S NI HER 250
& U THED T HEFERS Proceedings of the National
Academy of Sciences of the USAICFE L7z,
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Watanabe, S., Takahashi, N., Kanno, Y., Suzuki, H
Aoi, Y., Takeda-Kamiya, N., Toyooka, K., Kasahara,
H., Hayashi, K.I., Umeda, M., and Seo, M.: “The
Arabidopsis NRT1/PTR FAMILY protein NPF7.3/
NRT1.5 is an indole-3-butyric acid transporter in-
volved in root gravitropism”, Proc Natl Acad Sci U S
A 117, 31500-31509. 2020.

/KSR, PERRST, SARTEIR, TTAMRMISE T, 2
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FIVEVDERESEDIEL. J Mass Spectrom.
Soc. Jpn., 68:26-32. 2020.
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BT, SAEEA, EEHME, AT, S
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“Improvement of live single-cell mass spectrometry
system for plant single-cell metabolite analysis”,
BAPIAARD PRV ARER, V510>, 121
(2020)

Analysis of 3D biological shapes for the interpretation of

structural biology data

Name: Sandhya Premnath Tiwari

Host Laboratory: RIKEN Center for Computational Science,

We proposed an alternative computational strategy
to efficiently interpret single particle data, by matching
a small number of images against a library of biological
shapes. To build a library of biological shapes, we as-
sembled a data set of 3D structures from existing re-
sources, e.g. the Electron Microscopy Data Bank,
which we reduced to a non-redundant set of low-reso-
lution biological shapes with normalized volumes.
Then, we simulated theoretical 2D data from this data
set of shapes. In the first part of our work, published in

2018, we focused on matching real space images simu-

Computational Structural Biology Research Team

Laboratory Head: Florence Muriel Tama

lated from cryo-EM maps, showing that our strategy is
also useful for exploring new cryo-EM data. We were
able to retrieve matches for three examples, using five
input projection images each, against a small library
from 250 shapes. In the second part, we matched three
sets of five 2D XFEL diffraction patterns each from an-
other three examples which were generated indepen-
dently and selected randomly, against a library of simu-
lated diffraction patterns from 1628 EM models. The
input diffraction patterns were created with a Poisson

filter, to better approximate experimental data, while



the diffraction patterns in the library are free of noise.
To address the automatic selection of an annular match-
ing region for each input diffraction pattern required,
we implemented an algorithm that fits the radial aver-
age of intensities of the input pattern to a spherical
form factor function, which we then use to define the
region that captures the shape outline of the particle in
the 2D data. We were able to retrieve reasonable match-
es from the library as the top hits and we defined a

method to check the reliability of each matching results

XVIiI-030

by its Z-score. The manuscript is in the final stages of

preparation.
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S.P. Tiwari, F. Tama and O. Miyashita, “Retrieving po-
tential three-dimensional biological shape matches
from a small number of two-dimensional single par-
ticle XFEL diffraction patterns”, RCCS-IS3 (3rd R-
CCS International Symposium), Feb 15-16 2021.
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Coevolution of Sex Pheromones and their Receptors in
Mechanism of Yeast Speciation

—ODFH 5 EDX S I UTH LOENELT S
DM, HELICBF ZRBTEHIANEHEDO DT
BB, FLOEORENICIE, JT4 OFEE OAREY;
F% TEsikEEE COOEAREDR Tl 5 D D5 A
X DM S5VIREE) | DEETHO, £
DIFHED—DIM T = O T > DR ML DZ LD
55, Bl - WiBEHO K S R#h SEROX S
MAME T, 2LOAEMTR 7 2 uE Y Z2fioT
FMZ#EG I LA L TWd, TOT xHE VO
P, MERER ORRIRICRHTH D, 7 2T O
WHEILT %, LR BHATE T IRz
T BTN TEERL A%, RAITBEITH AR
Schizosaccharomyces pombe D 7 = 1 E V& 275K
B RIGHACSE T S T ic kb, OB ER
SN 5 RSP X 7T LW AR 2 N AR
A% T LTI LTz (Seike et al., PNAS, 2015), T
DFERETORIU, FENICT = O E > ORFFEED
ZAL SRR | Z e T e B R LD, BR
FUICHBWTT 2 0E Y L ZORZAARN IR R
ZRHIEMNE, ZOMAGDLEZZLEE 5 A
FIEFEA LR TRV,

ZT T AEERIWHEEDN ST &, DB
S. pombe 2 ffio T, 7z OEVICEZHRENMEENS
JutRe, JraEVROZICK > THIERT

WF 2% & K 44 1R #8T  Taisuke Seike
Z A WF 7% 2 EaigEER At v 2 —

2 P A ENTENE S T — L
(FisE i 1)

ENBZMPED X H = X L7 EERISKRGE U 7z,
15207 x0EVERKZF T T 5 AINTERAE
#FL, BRAGERE P T RIS E YT, 5L
HWZ ki, pHZEREL LIELBICOARETE S
ZYIREDMEAEST D T Vb o Tz, BERHIE D
AAIEE LTV SbN T, RRADORENZ
PpHAE W EHZ W, ZOX I REE FIcBNT
&, R EZRORTWVEEN EENENE L
NEV, THLEIERICEKD, Tz 0BV TFHZ
FRAE LT VBB 2 H A FEEHRD LW TE
EEZIBND,

F7z. 7 20T VZAEKGPCR O— 2 i FEH
TATy FEHZTLICKD, —/5DGPCR DFEH
M THZD, &5 —JFHENRIRTH S T
eI Tz, TS USRI T OIEFRE
FERFDABLIC & > T EFRIZR DO & Lhgn, T
NEDT—RIFE L T bioRxivIC R L7z (Seike
et al., bioRxiv, 2020),
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Seike T., Sakata N., Shimoda C., Niki H., Furusawa C.:
“Distinct specificity of two pheromone G-protein

coupled receptors, Map3 and Mam?2, in fission yeast



species.”, bioRxiv (2020)
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Identification of Molecular Mechanisms Underlying the Evolution
of Bacterial Chape Diversity by Experimental Evolution Approaches

HE OILIBIC TR A 72 & DIWMFIEL ., FEDIEHE
PME EANDBYHES ) P FRANM LIS EE TH 5 HH
MRBENTVS, FIAEX., BWEOWKEETH S
Neisseria*® Moraxella (%, & EDREMNSENS T
DICTERFN RN L IR EN TV S
(Veyrier et al. 2015 PLoS Genet), KJGHEICEBWNT
&, BRED SRR L EENZ{L T % & DNA
ERIFHFEANCA U T LT 2 RSN TV S
(Bos et al. 2015 PNAS), TD X Hic, AL
FoREISE GBI B O TREEDIEREN & 221k
TEHEDIDN>TE, LA LAEDNS, JEREOZIL
ZDE DWEELEHIGHELICED K S g B 2 52T
WEDONMEEALEHSNICIES> TRV, ZFTTA
e Tld. BRAERFMGR. MUTBEZ R HllEFEZ
FH T, high-throughput 7 3551 iR 14 HE b 52 5% 72 17
>t SBNTHEERRIC DWW T, TEREZ L & 365t
PEREZAL DT I T 7/ LOOZER, B FreBiZ
LD~ IVFF I 7 AEN 21T o T2

AR TEES, FRA— A=y a2l
ML ARy M2 HWT, KIGFEZ 95 Mg %
72 Z NE NI U 72 BRBETHY 300 [ACH A Ak X 5T
£ HLVIMLER T, e, ZNThO
AN U T EE L L2 RIBRD ED K S 1L
R b TR TOMZNB T=DIC, FHELKICH
WTHMDIEFINDINEN ED K S ICZL LT Z2FK
RIS IANRTz, Z ORER, TPk B O HIBHIH R
W5 EWREFTE % 157 DFEFNOMAEDLEZ TN
BT EMNTE e, KT, HAHNHER 71 = X 1723
N5, MEEE LI KRBRZENZ IO T,
T LAERT — 2 LB AT RBIE T — 2 2T L,

WF 7% & IX % wiH & Tomoya Maeda
2 A WO = EaRRERE At v X —

2 P A EENE S T — L
(FidE ik 1)

Pt 22 D F1% T % Random Forest [a]lF & F2 k57
SIHRAE DR T, FEAIMTEZED Tl EEZE
2B3DBETEW S LTz, & 5ICHEIOfEHTIC
X0 ZERAIERN Tl L U 7oK E, 5654
PEHR > TR EN TV 2 IREES . SEHI D
LZPACTIRAE, A+ L RSB a2 e
IRIRER EDIT M ISHOMILIKED 7 5 A %
—WhNB T EAHLMNCES T, TDT &I,
KIGEEEBE R B OB U T4 ARt
ZHETEE5DITIEERLS, BLAHLMUDHIRS
NI DB OV LHENS UAETERIC )i 2 TWian
R U, SRAIM IS 2 HUR SR 5
MT 7% > 72 (Maeda et al. 2020 Nat Commun), 5%,
NS DOHEALRRDTEHE & 3EA AL O BIfRZ FEIIC
fiekt U, Ml OIERE & SR PEDRIfRZ W] S i L
TV TRETH %,

T, IAINVIKOR R L RE Z " Ml A
Spirosoma linguale 7 Fil > 7z Al IR B 25 ol BH 55 51002 okt
T 5T To T2, ThUC KD, HANMMEE &
O AR T S L TaOVRNSRFEICE
WERBICZ kT B2 2L, ZDOLERZFEL
Teo Flo. MDY A XD 131K N e =—
DIRERREIST 52 N TE, ThoRKNER
TFELTENE VT FayF—EyTa=y b
ZRETEHIENTE, 5%, TNHOHENDS
FBRED 5 IA )VIRDERENE D K 5 il 2% Ttk
{ELIZZDODMHSNCL TV TETH S,
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Horinouchi, T., Maeda, T., Kotani, H., and Furusawa,
C.* Suppression of antibiotic resistance evolution by
single-gene deletion. Scientific Reports 10, 4178
(2020).

Maeda, T. * &, Iwasawa, J. &, Kotani, H., Sakata, N.,
Kawada, M., Horinouchi, T., Sakai, A., Tanabe, K.,
and Furusawa, C.* High-throughput laboratory evo-
lution reveals evolutionary constraints in Escherich-

ia coli. Nature Communications 11, 5970 (2020).
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Maeda, T. *, Kotani, H., & Furusawa, C. Morphologi-
cal change of coiled bacterium Spirosoma linguale
with acquisition of f3-lactam resistance. Scientific
Reports 11, 13278 (2021).
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Cell Plasticity and Reprogramming Human RPE and Mouse

Blastocyst-like Induction from Differentiated Cells

Name: Cody West Kime

Host Laboratory: RIKEN Center for Biosystems Dynamics Research,

Description of Research: In 2020, Dr. Kime further
expanded his cell reprogramming team with two more
members: a postdoctoral researcher and technical staff.
Leading the team, Dr. Kime began leading specific lab-
wide collaborative efforts involving industry funds to
embark upon pioneering new retinal regenerative ther-
apies.

Through 2020, Dr. Kime underwent training in NGS/
Bioinformatics with collaborators at Yokohama RIK-
EN and then extensively developed the skills and per-
spective to perform the experiments from bench, to
sequence, to NGS analysis, including comprehensive
new techniques in RNA Velocity and Gene Regulatory
Network Analysis while collaborating with other RIK-
EN data scientists to implement their cutting edge new
aspects of bioinformatics. This training culminated in
the numerous figures and interpretations prepared by
Dr. Kime and included in the 2020 publications listed
hereafter and the invitation to speak at the global 10X
Genomics APAC Meeting.

For his induced RPE system (iRPE), the iRPE cells
transplanted to albino rat retinas proved to maintain
RPE identity, form pigmentation, express the
BESTI::EGFP reporter in-vivo for several months.
Dissected retinas showed that transplanted iRPEs had

interfaced the rat RPE layer and formed connections

Laboratory for Retinal Regeneration
Laboratory Head: Eisuke Nishida

with the host photoreceptor outer segments akin to nat-
ural RPE cells. Bioinformatics analysis of scRNA data
showed that the highest quality iRPEs had stabilized,
grossly lost donor state (fibroblast) gene regulation,
and acquired key gene regulation of model iPSC.RPE
cells. Further advances, exploring transient expression
of additional reprogramming factors with time-wise
modified mRNA transfection or lentiviral-induction
have provided further clues as to future optimization of
the system.

Expanding his pioneering of the new field of Syn-
thetic Embryology, Dr. Kime authored and is finalizing
publication of a review on the Synthetic Embryology
Systems (SES). Dr. Kime was invited to submit to
Stem Cell Reports special issue on synthetic embryol-
ogy systems, and the BioRxiv preprint “Reprogram-
ming Epiblast Stem Cells into Pre-Implantation Blasto-
cyst Cell-like Cells” is now under revision for
anticipated publication in 2021. In that study, funded as
a RIKEN Organoid Project Young Investigator, Dr.
Kime used scRNA analyses to reveal that his blasto-
cyst-like hemisphere (BCLH) induction SES emerges
from an exciting event at the single cell level. The re-
programming cells, in mass, from day 5 to day 7, began
the emergence of the three early cell lineages of a dif-

ferentiating blastocyst, with major gene regulatory



analysis and RNA velocity to inform high similarity to
true embryonic cell samples.

Dr. Kime also served as a reviewer for Bio-Protocol
and the Development, Growth, and Differentiation

Journals.
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Tomoda, K., Hu, H., Sahara, Y., Sanyal, H., Takasato,
M., and Kime, C. (2020). Reprogramming Epiblast
Stem Cells into Pre-Implantation Blastocyst Cell-
like Cells. BioRxiv 2020.09.29.318279. submitted*

Woogeng, [.N., Abugessaisa, ., Tachibana, A., Sahara,
Y., Hon, C.-C., Hasegawa, A., Kaczkowski, B.,
Sakai, N., Nishida, M., Hu, H., --- and Kime, C.
(2020). Inducing Human Retinal Pigment Epitheli-
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um-like Cells from Somatic Tissue. BioRxiv
2020.07.27.215103. submitted*

Tomoda, K. and Kime, C. (2021). Synthetic Embryol-
ogy: Early Mammalian Embryo Modeling Systems
from Cell Cultures. Development, Growth & Differ-

entiation. in print*
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Kime, C.: Toward Synthetic Embryology and Induced
Embryogenesis from Cultured Cells. RIKEN BDR
CuSTOM Joint Symposium, November (2020).

Kime, C.: Understanding Cell Reprogramming Sys-
tems w/ 10X Genomics Single-Cell RNA Technolo-
gy. 10X Genomics APAC Virtual User Group Meet-
ing 2020, November (2020).
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Bioactive Ligands-Based Neuronal Reprogramming of Human DFATs
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1. Yoko Suwabe, Rei Nakano, Shinichi Namba, Naoya
Yachiku, Manami Kuji, Mana Sugimura, Nanako Ki-
tanaka, Taku Kitanaka, Tadayoshi Konno, Hiroshi
Sugiya, Tomohiro Nakayama. Involvement of
GLUT1 and GLUTS3 in the growth of canine mela-
noma cells. PLOS ONE, (in press)

2.Rei Nakano, Taku Kitanaka, Shinichi Namba, Nana-
ko Kitanaka, Yoko Suwabe, Tadayoshi Konno, Jun
Yamazaki, Tomohiro Nakayama, Hiroshi Sugiya.
Non-Transcriptional and Translational Function of
Canonical NF- k B Signaling in Activating ERK1/2
in IL-1 3 -Induced COX-2 Expression in Synovial
Fibroblasts. Front Immunol. 2020, 7;11:579266. doi:



10.3389/fimmu.2020.579266.

3.Rei Nakano, Tomohiro Nakayama, Hiroshi Sugiya.
Biological properties of JNK3 and its function in
neurons, astrocytes, pancreatic 3 -cells and cardio-
vascular cells. Cells. 2020, 29;9:1802. doi: 10.3390/
cells9081802, review.

4.Rei Nakano, Taku Kitanaka, Shinichi Namba, Nana-
ko Kitanaka, Masaki Sato, Yoshiyuki Shibukawa,
Yoshikazu Masuhiro, Koichiro Kano, Taro Matsu-
moto, Hiroshi Sugiya. All-trans retinoic acid induces
reprogramming of canine dedifferentiated cells into
neuron-like cells. PLOS ONE. 2020, 15:¢0229892.
doi: 10.1371/journal.pone.0229892.

5.Ryohei Yoshitake, Kohei Saeki, Shotaro Eto, Masa-
hiro Shinada, Rei Nakano, Hiroshi Sugiya, Yoshifu-
mi Endo, Naoki Fujita, Ryohei Nishimura, Takayuki
Nakagawa. (2020). Aberrant expression of the
COX2/PGE2 axis is induced by activation of the
RAF/MEK/ERK pathway in BRAFV595E canine

urothelial carcinoma. Scientific reports, 2020,
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Elucidation of the suppression mechanism of asthma by serotonin.

2RIFIRY 228 ER (ILC2) 12010 4RI M ZE = T
FEINTH LY SERTH D, Z4 DG
> 7 LV F — Rl B % 2 729, ILC2
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Development of Ultra-high Efficiency AlGaN Deep-UV Emitters

using Nano-photonic Light Extraction Scheme

Name: Joosun Yun
Host Laboratory: RIKEN Cluster for Pioneering Research,

Two subjects have been performed for this fiscal
year. The first subject was the study of AlGaN metasur-
face to increase the LEE of DUV-LEDs near the UVC
range. The second subject was the design of GaAs-
based surface-emitting photonic-crystal quantum cas-
cade lasers (PhC-QCLs) for high beam quality and
high LEE. For these studies’ conduction, finite-differ-
ence time-domain (FDTD) and filter-diagonalization
method (FDM) have been utilized with the RIKEN’s
supercomputer system.

For the first subject study, optimized AlGaN meta-
surface attached to n-AlGaN could increase the LEE
regardless of the structural changes above the n-AlGaN
epitaxial layer as MQW, EBL, p-GaN, or p-AlGaN.
Such independence is a considerable advantage com-
pared with the case of roughed AlGaN since the optimi-
zation process for the roughed AIGaN must be repeated
even when a structural parameter of DUV-LED is al-
tered. Also, it was confirmed by this investigation that
the AlIGaN metasurface could synergistically increase
the LEE when the inclined sidewall structure is simul-
taneously employed for the LEE increase. For exam-
ple, when flat n-AlGaN, 200 nm p-AlGaN cladding
layer, and Ni/Al(2/150nm) are adopted to consist of the
DUV-LED structure, LEE for TE and TM was 7.33%
and 0.34%, respectively. After the 45-degree inclined
sidewall is adopted, the LEE increases to 56.3 and
30.6% for TE and TM modes, respectively. As the op-

Quantum Optodevice Laboratory
Laboratory Head: Hideki Hirayama

timized AlGaN metasurface is attached to the sidewall
structure, the LEE increases to 57.8% and 37.7% for
TE and TM modes, respectively. Extracted results
showed that the AlGaN is a useful material system to
increase LEE of DUV-LEDs and manipulate DUV
light based on the Mie scattering.

For the surface-emitting PhC-QCL, the most crucial
factor is the unambiguously photonic band structure
with each mode’s characteristic. By repetitive compu-
tation of photonic band structures as a function of fill-
ing factor (FF) of air-void photonic crystal, horizontal
wave vector, and photonic crystal shape, it is discov-
ered that the uniform triangular prism air-void PhC can
satisfy several demands for high efficiency and high
beam quality surface-emitting PhC-QCL. For metal/
active region/metal QCL waveguide where top-side
metal and active region are deeply etched for creating
air-void PhC, a surface-normal Gaussian beam with
LEE over 93% was observed. For such observation,
lattice constant a=64 p m, FF = 0.33, the uniform trian-
gular prism air-void PhC, and relatively few numbers
of PhC array = 15(16) X 15 EA are deployed with an
assumption of the lossless metallic layers on FDTD do-
main. The cylinder PhC has shown below 50% LEE for
all ranges of FF and frequency below I';. Also, only
multi-lobed and tilted beam directionality are observed
for the cylinder PhC with the identical parameters as

above.
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Development of Time Resolved STM-THz-TDS System for

Studying the Ultrafast Carrier Dynamics of Graphene

Name: Rafael Buan Jaculbia

Host Laboratory: RIKEN Cluster for Pioneering Research,

In the previous fiscal year, I successfully coupled the
terahertz (THz) emission from a photoconductive an-
tenna onto an AFM Au tip approached to a graphene on
Au(111) surface. Using this combination, I success-
fully found a signal whose modulation is based on the
tip oscillation frequency. Such a result demonstrates
that the THz light has been successfully coupled to the
Au tip.

For this fiscal year of 2020, main activities include
(1) improvement of THz emission signal and (2) intro-
duction of IR excitation pulse. From the previous year
although I was able to observe modulated nearfield
THz signals, I found that the signal was too weak. This
then lead to a bad signal to noise ratio of the nearfield
THz intensity which was undesirable for the experi-
ments. In order to solve this problem, I tried to im-
prove the far field THz emission first in this year. To
this end, first I improved the alignment of the experi-
mental setup by using motorized actuators in order to
have a more precise movement of the optics. A more
pronounced improvement of the THz emission signal
was observed when I changed the power supply of the
THz photoconductive antenna from a DC to an AC
source. By replacing the power source I was able to
obtain about five times increase in the far field THz
intensity. This is because we can drive the THz emitter

with higher bias voltage under AC compared to DC

Surface and Interface Science Laboratory

Laboratory Head: Yousoo Kim

bias. I also investigated the effects of other parameters
of the AC source such as the duty cycle and frequency
in order to obtain the optimized setting for my setup.
Moreover, to further improve the signal to noise ratio I
investigated the possible sources of noise in the experi-
mental setup and eliminated them.

Another major activity I did for this fiscal year is the
introduction of an additional excitation to the setup in
order to perform time resolved measurements. In this
experiment, the sample is excited by the new source
and then change in the THz reflection from the sample
is observed. For this, I used the IR pump laser which is
also used for the PCA emitter and detector antennas.
For this purpose, it is important to obtain the highest
possible pump pulse in order to excite the sample. 1
therefore changed the previously used beam splitter
which is 50:50 to 90:10 in order to get the maximum
pump power possible. Additionally, a mechanical de-
lay stage which introduces a time delay between the
arrival of the pump pulse and the THz probe pulse was
added in the setup. This means that now the experi-
mental setup consists of two mechanical delay stages.
I remade the LabVIEW interface in order to accommo-
date synchronous movement between these two stages
when necessary in the experiment. Using this setup, I
investigated the carrier dynamics of a low temperature

grown GaAs sample in the far field. Still some im-



provements in the setup is necessary in order to obtain

valuable data.
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Development of a terahertz functional device with nanocarbon materials
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Revealing the Behavior of Bose Gages in a Flat Band of
Non-Standard Optical Lattices
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F.: “Single-site-resolved imaging of ultracold atoms
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Elucidation of mechanism for maintenance of H3K9me3
and transcriptional repression by the histone modification
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DNA-PAINT Super-Resolution Imaging of RNA Polymerase and
Enhancer Assembly for Single-Molecule Kinetic Analysis
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Investigation of structural and dynamical properties of C60

in ion storage rings RICE and TMU-E upon photon impact

Name: Preeti Manjari Mishra
Host Laboratory: RIKEN Cluster for Pioneering Research,

Experimental work
Spectroscopy of PAH anion in ion storage ring:
The proposal is originally aimed to study the quan-

tum dynamical properties of a PAH molecular anion of

Atomic Molecular and Optical Physics Laboratory
Laboratory Head: Toshiyuki Azuma

astrophysical relevance, namely Cg,in gas phase. Upon
excitation by external perturbation such as photon col-
lision, the molecular ions are in excited state and de-

excite via three possible ways: thermionic emission,



evaporation of small neutral fragments or emission of
radiation. The post collisional analysis of product ions/
neutrals in terms of their decay property over long time
scale (thousands of milliseconds) provides information
on, population of excited states, life time of metastable
states, and auto-detachment/delayed detachment pro-
cesses. The fate of processes is decided by the thermal
energy associated with the molecule. Therefore, the
studies are proposed for both room temperature (300K)
“TMU-E” and cold (4K) “RICE” ion storage ring to
understand the effect of thermal energy. Before starting
with Cg, (icosahedral symmetry), another small linear
molecule (pentacene) from same PAH family is chosen
to understand the problem with less complexity in
terms of theoretical modelling as well as physical pro-
cesses involved during experiment. Later the experi-
ment will be extended for the proposed one.

Pentacene (mass 278.36 amu) anion is produced us-
ing a Laser ablation source (Nd:YAG laser) and accel-
erated to 15 keV energy and then injected into the
TMU-E electrostatic ion storage ring located at Tokyo
Metropolitan University. With revolution time of about
76 microseconds, the rotating ion bunch is hit by a
pulsed laser. If detachment of electron occurs in laser-
interaction area of storage ring, then neutrals are re-
corded on a detector for that event in the straight path
of the ion beam direction. By measuring these neutrals
for different storage times as well as for different laser
excitation wavelengths, the absorption spectra are ob-
tained to observe the radiative (loss of internal energy)
and/or depletion (electron emission) cooling rates of
hot anions. We observed that the neutral decay rate pro-
file becomes slower with laser excitations at higher

storage time. This can be understood by temporal evo-

lution of internal energy associated with the molecular
ions. These results are reproduced and explained with
help of simulations.

Theoretical work

Simulation for neutral yield decay rate measure-
ments of photo-detached pentacene anions:

To understand the competition between electron
emission and radiative cooling rates, the existing theo-
retical code from host laboratory is used. The detach-
ment rate constants (using principle of detailed bal-
ance) as a function of internal energy and decay curves
for different storage time are simulated. For this theory
model, the inputs such as the vibrational level densities
for both neutral and anion, polarizability of neutral
molecule, geometry-based capture cross section were
obtained. The density of states can be obtained using
the frequency of 102 vibrational modes implementing
Beyer-Swinehart algorithm. The frequencies are calcu-
lated using GAUSSIANO9 package with Density func-
tional theory based on advanced basis sets (DFT/
ccpVdz)), The detachment rate constant for experimen-
tal time window provides insight to the experimental

observations.
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Exploration and Control of Supercooling Electronic Phase
in Orbital Degenerate System
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Star Formation across Mass Spectrum and Environments

Name: Yichen Zhang
Host Laboratory: RIKEN Cluster for Pioneering Research,

My works in this year have been focused on the top-
ic of disk formation around massive protostars. The
main progress is that we start to reveal a consistent

chemical pattern for certain massive protostellar sourc-

Star and Planet Formation Laboratory
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es, in which a set of molecule lines specifically trace
the accretion disks and separate them from the sur-
rounding gas structures. This pattern, which we call

“hot disk” chemistry, has the potential to become a new



tool for studying massive star formation. In FY2019,
we found an ordered envelope-disk transition in the
massive protostellar source G339, where the disk is
traced by SiO emission, while the envelope is traced by
hot-core molecules such as SO, and CH;OH. In
FY2020, we further confirmed the existence of this
“hot-disk™ chemical pattern in the massive proto-bina-
ry system IRAS16547, where we detect NaCl, SiO, and
SiS, and vibrationally excited H,O lines as probes of
disks at scales of 100 au, complementary to typical hot-
core molecules (e.g., SO, and CH;CN) tracing the en-
velope structures on 1000 au scales. We also found an-
other potential “hot-disk” source IRAS20126 which,
similar to G339, has an SiO disk, but still we need to
confirm whether other hot-disk lines exist in this
source. More uniform following-up observations of
these sources and wider range of sample are being
planned, aiming to better understand the chemical pat-
tern and use the chemical pattern as a tool to under-
stand the physical kinematics and structures of the in-
nermost regions of massive star formation.

Besides this series of projects, I am also working on:
1) Analyzing ALMA multiband data of massive star-
forming region G35, which contains multiple cores
aligned in a filament, substructured disks, ionized jet,
and molecular outflows, initial results are presented in
AAS meeting, and a paper will follow up. 2) Analyzing
ALMA high-resolution data of the molecular outflow
and envelope/disk system of the HH46/47 protostar. 3)
Finishing analysis of the PEACHES outflow data. 4)
Analyzing ALMA FAUST data on IRAS4C.
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Active matter physics of biological cells and their mechanical control

TIT4TVT FREYIPEOMEN S, i
DAAF I ACHFRT 2N ZT T8> TV
%o PpAlE. MFINES T O DNA DFEE 2
NI EEDIERINZ, B TFE—X—Z T LTH
NI NCEBR L THRL 8 2R, ZTDE5 %
MO X A F 27 2k U T, PN Hl - T
HEFINEMET S LI, RRICHEHEZI LTI
W0, RSO X S5 HFEMICHETIT B £ D (7
D54 TRE=) X, TOLEOHENEHRMC

W 7% % IC % 24 786l Mitsusuke Tarama
Z A WF 7% 2 EaigEER At v X —

T4 VAV F I — e F— L
GnEE  %emER)

U CGEIIS 20, MEFHIEROEIN S, 2D
BT B NIDHMAMEEa L KB END S, TD
XI9GTH—ATV)—DFMfDE L TEDKSITHH
A TZ200ITHHATIE RV, AFEEZIX, &
I, [1] MRS T OB D S 2 Z A F I 7 A,
2] LA RS IRE X A F 2 7 A, [3] ZEOHI
DRGSR VIBIRD Z A F 27 A DN TSz %
frltz,

[1] AR T OMIRERE D )12 2 A F I 7 A



TIFUT4TAYREIATVE—R—ITLD
WERENZ T 7 b 24 VB OIEBGAFIT DWW T
MR 2 T T2, —fRICT 4 T AV MIRDEWY)
BIIHEAOMNI TR0 HHEMHIRE W, =
oy 7iciEzd 50, BFBEICIEERL
i<W, L L, 77F T4 A Y MHEG LT
SATVUE—Z—DIERD T THNE. AE
WK B - TRHERSEIHBIT 22 82T NE T
WICHHSMIC Uiz, B, 7OF VT4 T AV
WS R E 25 U, AREFHD B K B A Difig
B oWt TPt d s L ZmL. ZTOl
iz 7 ¢ 5 A2 FORdn & BEfFRMEICEH U THifd
BT eIz,

2] MDY RS I E X A F I T A

HINANER T OO KRR D LG R 2 8T 5
ETIVOMEZITO., BEDHIEREEANOR-F
I X O HIEE N TV B ATREMEIC DWW T HERIN 7R 55
ZiTolze Ele. FIRFITHIREIEOEND T/ L
Db A b EFINZEET 2 FEREE R LT, 8
BMERETIVIC K B z2iT0. B A b AEfiD B
DREICXOHIEN TS T 2R LTz,

[3] ZEORMBDIRT ISZ VIERD A A F 2T A

X1X-003

FHIRSE O MRS 9/ H AR O RSS2 B E 7L
IKKOHBIL, 2082 AERROEII N U TR
MRz 525 C I Uiz, 7z, H AR
32 > ORANE RN ZE L T, FURER & Bl
G E T IV DRGHL & DD TR IR BPENS I 72 R g
TERPALMTL, IHIFEERICBVTHCH
WSR2 IWEAF Iy JICB kT BT ez 5 h
iZ U7z,

@OEEH K Oral Presentations

Tarama M. and Shibata T.: “Cortex structure formation
of actomyosin by motor activity”, Active Matter
Workshop 2021, on-line (Zoom webinar), 1 H(2021)

LR, SRR T T4 T2 —DNE
JREZTE, FFEHEE)”, HARRW AR VT FY X
— 7 4+ —F L2, on-line (Zoom webinar),
104 (2020)

@K X% —%3%K Poster Presentations
Tarama M. and Shibata T.: “Formation of actin cortex

structure by myosin motor activity”, 55 8 [0 H
AEVYIERE2 42, on-line, 9 H (2020)

SPECTRAL ANALYSIS, ANALYTIC NUMBER THEORY,

AND APPLICATIONS TO MACHINE LEARNING

Name: Eren Mehmet Kiral

Host Laboratory: RIKEN Center For Advanced Intelligence Project,

L-functions encode vital data about the number theo-
retic objects they are produced from. Knowing that the
location of zeros of the Riemann zeta function {
would give us detailed information about the distribu-
tion of prime numbers. Not having proven the Riemann
hypothesis, we resort to Lindelof hypothesis which
also carries sufficient information about equivariant
(and sometimes ergodic) distribution of number theo-
retic objects. This hypothesis, in its simplest form
states that ¢ (1/2 + if) does not grow faster than any
positive power of ¢ This validity of this hypothesis

would follow from a proof of the Riemann hypothesis,

Generic Technology Research Group Mathematical
Science Team

Laboratory Head: Kenichi Bannai

but not vice versa. Unfortunately it is also unproven.
What number theorists were successful in doing, how-
ever, is prove a slew of results where they show a par-
ticular L-function is bounded above by a particular
power of t. If this power of # is small enough so that it
cannot be proven by Phragmen-Lindelof principle (a
general statement about growth of functions that give a
bound for the L function from its complex analytic
properties and its functional equation) then the result is
called a subconvexity result.

Together with Chan Ieong Kuan and Didier Lesesvre

from Sun-Yat-Sen university we took the a single L-



function L(1/2 + it, F) for an automorphic form on
GL(3). This is a generalization of the Riemann { func-
tion as well as a L-functions of modular forms encod-
ing number theoretic entities such as number of repre-
sentations of integers as a sum of squares.

We use Ritabrata Munshi’s circle method to separate
variables and prove a subconvexity result.

In machine learning I have decided to pursue ex-
plainability and robustness against adversarial exam-
ples in classification tasks. For the purpose of robust-
ness I propose to put a linear support vector machine as
the loss function at the final layer of a neural network
(with any given architecture), instead of the commonly
used cross entropy loss or the mean square loss. The
advantage of a support vector machine loss function
would be that the learning process would explicitly try
to expand the margin between the two classes being
separated. This would help with robustness against ad-
versarial attacks where a small perturbation changes
the classification for the deep neural network but not
for us humans. Moreover the penultimate layer of the

network does not need to have just the number of nodes

X1X-004

but can have the intrinsic dimension of the object man-
ifold. Lastly for multiclass classification task we can
implement a one-vs-all scheme such that there would
be different support vector machines (SVM’s) applied
to each class, but the weights of the neural network pre-
vious to the SVM layer would be identical. This way
values of nodes of the penultimate layer may be given

semantic meanings that are coherent for all classes.
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Exploring the structure of the quantum gravity and the mechanism
of the spacetime emergence through AdS/CFT correspondence
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Janus interface entropy and Calabi's diastasis in four-
dimensional N=2 superconformal field theories,
10.1007/JHEP08(2020)048
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Elucidation of the nuclear structure and the deexcitation process of Th-229m
for developing the ultraprecise clock utilizing the nuclear excitation
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Formulation of the chiral kinetic theory in curved spacetime and
its application to topological phenomena induced by vorticity
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Liu Y.-C., Mameda K. and Huang X.-G.: “Covariant
Spin Kinetic Theory I: Collisionless Limit”, Chin.
Phys. C 44, 094101 (2020)
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Study of Cooled Francium Atomic Source Towards High Precision
Spectroscopy of Heavy Elements
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Generalization of the Complex Langevin Method as a Way to
Evade the Sign Problem
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Study on the production process of molecular ions in
negative ion source using Cs sputtering
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Exploring star, protoplanetary disk, and planet system formation
with radiation multi-hydrodynamics simulations
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T., Chandler C., Oya Y. and Sakai N. “Substructure
Formation in a Protostellar Disk of L1527 IRS”, the
Astrophysical Journal Letters, 895, L2 (2020)*
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star”, the Astrophysical Journal, 907, 80 (2021)*
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Transportable Optical Lattice Clock

Name: Lérinc Sarkany

Host Laboratory: RIKEN Center for Advanced Photonics,

We have developped a transportable strontium lattice
clock. The system consists of three modules, each of
which are mounted onto movable racks: vacuum cham-
ber module that hosts the cold-atom setup, i. e. atom
source, Zeeman slower, cooling lasers and magnetic
coils for magneto-optical trapping the atoms, lattice
beam optics and clock laser spectroscopy setup. Sec-
ond, a laser module that contains all the necessary la-
sers to carry out the experiment, along with their tem-
perature controllers and current drivers, and third, an
optical cavity system to stabilize the linewidth of and
set the correct absolute frequency for the clock laser,
narrow-line cooling laser and optical lattice lasers. The
cavity system consists of an ultra-low expansion glass
cavity module to set the frequency of the clock laser
which serves as the absolute frequency reference in the
system, and a transfer cavity module to lock the fre-
quency of the other two lasers. Thermal drifts of the
transfer cavity are monitored using the clock laser, and
appropriate feedback is applied to the narrow-line cool-
ing laser and the lattice laser to keep their frequency at
the desired working point. As opposed to previous set-

ups, where the required laser radiations were created

Space-Time Engineering Research Team
Laboratory Head: Prof. Hidetoshi Katori

from telecom lasers via frequency doubling, in this ex-
periment we have used direct visible / near infrared la-
ser diodes without doubling to make the system more
rubust and compact. For this purpose, we have devel-
opped an optical fiber-based light distribution network,
and payed special attention to highly suppress unwant-
ed residual amplitude modulation (RAM) effects that
would otherwise compromise the frequency stability of
the lasers.

The optical lattice clock has been installed into a
custom-made Toyota van, which we have driven to a
garage on the RIKEN campus to test the operation of
the clock under real-life, out-of-the-lab conditions. We
have managed to trap atoms and perform clock spec-
troscopy in this harsh environment. This result is a seri-
ous step towards developing lattice clocks that could be
operated outside of a research laboratory, enabling ul-
tra-sensitive gravitational mesurements. Currently, we
are testing the stability of the system, and prepare for a
final experiment, in which we intend to relocate the
clock into a distant laboratory of NTT to compare its

frequency with their local clock.
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One-dimensional electron systems with strong spin-orbit interaction
and the superconducting junctions
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Nanoscopic Visualization of Non-equilibrium Electron Kinetics via

Terahertz Fluctuation in Matters

Name: Qianchun Weng

Host Laboratory: RIKEN Cluster for Pioneering Research,

Scanning tunneling luminescence (STL) spectrosco-
py has been established in the visible and near-infrared
spectral regions, and it has been demonstrated to be a
powerful tool for studying energy dynamics down to
the atomic scale. Expanding the STL study to longer
wavelengths in the terahertz (THz) region (A > 10 pm)
is extremely attractive because it would provide a di-
rect access to the rotational-vibrational transitions of a
single molecule. However, detecting THz emission
from the STM is nontrivial mainly due to the lack of
sensitive THz detectors and therefore has not been ex-
perimentally realized up to now.

In this study, the challenge is overcome by develop-
ing an ultrasensitive THz detector called CSIP (Charge

sensitive infrared/THz detector). The noise equivalent

Surface and Interface Science Laboratory

Laboratory Head: Yousoo Kim

power (NEP) of CSIP detectors, is typically by several
orders of magnitude lower than any commercially
available detectors. CSIP detector has now been suc-
cessfully fabricated and tested at RIKEN, and a more
sensitive detection diagram is under consideration. For
THz-STL, a sensitive CSIP detector is transferred into
the ultra-high vacuum, low-temperature (4.5 K) STM
together with a well-designed compact Ge lens system.
We expect weak THz emission from the STM junction
can be efficiently collected and focused to the sensitive
CSIP detector, demonstrating the first STL study in the
THz region for single molecules. This research pro-
vides new insights into local energy dynamics in mol-

ecules and nanomaterials.
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Development of AbinitioDITA and application to the
unconventional superconductivity
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Control and measurement of open quantum systems realized
in superconducting circuits
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Biophysics of chromatin remodeling:
toward microscopic understanding of cell differentiation

L A b OLAERIC K B X 7 LAY — L E
TER OZARICHE> TR % 7~ F U REEZ kX,
MR MBI S En e BiE O | CREREE 2
HoTWaLEZBND, TOXKS GHHEELE E
DX 5INPT X 20 & 5 RIREICH O 1
TLizd, E AN VEBEMONZ—2ZHHTESEY
AR F VK EBROME - JaxFVIREL
MM EiE iy & OMBEOWIE L WHI R RNLT v T -
by TR VO b O EED TV S,

A F UHRERIERTIE, © A b ICDNASH
BBEODFIRICTIAT—2arT5T LT, A
r Ui Z—2Eay ha—)L LIzEW (96-
mer) ZOXF VHEHEFEMK L, JavF Rz
Hilfld 3 LEZENTVS X ST HOPEELEIC
XAhnEZ bz —n ST s L ZHEL T
%, CORSREYMNZETIVEEHAGDE,
RSN X b B SZ—2 7B LT ED
X2 7uxF UOME LT DOV TVENENS
BRI ORITF IV EZEZ TS, ARIEEIE, FIC
DNA DO KEFEEL « 12-mer 7 1< F > O FREIK &
WERIZ D 7 1< F R D T D& G 21710,
HIND 12-mer D 7 0 F 27z ik & - 2 )lf)7 T 8 fll
BidtSd 22 LD TE R RZ2MI LI, 2OV VT
WEIHT A TATA VDL LB THMEE T
L.EWrosF U E N TV 5 RB 2157z,

W22 H K% 3H A Yohsuke Fukai
2 A WF 78 = A akER e o 2 —

AR IR B A S T — L
(Frls& I &

EHICBIZRE LT, TIRF COZ M) FBI%R
ZHER U Tz, 5% ORZEHCT, 26T 21AMsE
ot e TY Y IV e—n RIS L., a8t
TFNDYIal—yaryeDiEIT>5 8T, &
WSROI S KSR D D 50, HEEN E D
Bzt ZfOohews T RHS MLz
BRZBo

< F 2 RE L kil & OB DV T
. IMERD AR HL-60 % /7 5 A KM 125 U
SEBIRER S A T A A=V VT T BREREL Iz,
BitE, WSROzt ko x A I Tk
M OWFFHBIC OV THLMCT B T &2 HIEL
TW%, XU 7L T, #EFDERIIC X Y H2B-
PAmCherry % THEH U 7zl D 2 kN —7 1A
A=V VT RITIRZWPENTH 5,

AT, LERMRsERIO%RENC e > b 21303
T HRTICE > TERE NS A DOV T Oz
S, X DHEZIT> TS,

@OEEH X Oral Presentations

CER)

EHPEG, TTN—FF . B> 29I o s & T
@ Kardar-Parisi-Zhang $iifi & 257/, HAY)
AR WIS EERKR R, AT 4 2 (BB fE
Hik), Mar. (2020)



XIX-018

Rare-Earth-Catalyzed Regio- and Enantioselective

C-H Bond Functionalization

Name: Xuefeng Cong

Host Laboratory: RIKEN Center for Sustainable Resource Science,

The development of efficient and selective catalytic
methods for the synthesis of cycloalkylamines contain-
ing multiple stereogenic centers is of much interest and
importance, because they are important components in
numerous natural products, bioactive molecules and
pharmaceuticals. In present research, we have achieved
for the first time the diastercoselective [3+2] annulation
of aliphatic aldimines with alkenes via unactivated
B-C(sp?)-H activation by half-sandwich scandium
catalysts. In the presence of [PhyC][B(C4F5)4]
(10 mol%) as a cocatalyst, the CsMe,SiMes-ligated
Sc-1 (10 mol%), combined with 1-adamantylamine
(AdNH,) (10 mol %) as an additive, showed excellent
activity and trans-diastereoselectivity for the [3+2] an-
nulation of aliphatic aldimines with alkenes via unacti-
vated f3-C(sp?)-H activation, affording the correspond-
ing 2-aryl-trans-substituted cyclopentamine derivatives
in good yields with excellent trans-diastereoselectivity
(d.r. > 19:1). A variety of substituted styrenes contain-
ing either electron-withdrawing or -donating substitu-
ents all smoothly reacted with aliphatic aldimines with
Sc-1 catalytic system, exclusively affording the corre-
sponding trans-selective products in good yield and
high diastereoselectivity. Remarkably, the reactions of
an estrone-derived styrene and (+)-d-tocopherol-
derived styrenes with N-cyclohexyl fert-butyl aldimine
la by Sc-1 could undergo selectively, affording the tar-
geted trans-annulation products in good yields (58-
79%) with excellent frans-diastereoselectivity at the
cyclopentamine ring. Intriguingly, the sterically de-
manding N-adamantyl ferz-butyl aldimine 1g reacted
smoothly with aliphatic alkenes by Sc-1 to afford the
corresponding 1,2-insertion products 4-alkyl-trans-

substituted cyclopentamine derivatives in good yields

Advanced Catalysis Research Group
Laboratory Head: Zhaomin Hou

with d.r. in a range of 6:1 to 8:1. The N-alicyclic tert-
butyl aldimine analogs and the N-acyclic aliphatic tert-
butyl aldimine analogs were also suitable for the pres-
ent diastereoselective annulations by Sc-1, giving the
trans-selective products in good yields with excellent
trans-selectivity. A range of N-cyclohexyl aldimines
containing either acyclic or cyclic aliphatic groups or
aromatic groups could react smoothly with styrene to
give the corresponding frans-diastereoselective prod-
ucts 2-phenyl-trans-cyclopentamines in good yields
(54-95%) with excellent diastereoselectivity (d.r. >
19:1). Generally, a range of functional groups, includ-
ing halogen, OTBDPS, and NPhEt were well tolerated.
The annulation reaction can be performed on a gram
scale without detrition to its efficiency. The intermo-
lecular KIE of ky/kp = 3.1 was investigated by means
of the initial rates of the two side-by-side reactions of
substrates le and le-d;, suggesting that the sp®> C-H
cleavage of the aliphatic aldimine le may be involved
in the rate-determining step. This protocol features
high regio- and diastereoselectivity, broad substrate
scope, excellent yield, and 100% atom-efficiency, of-
fering an efficient route for the synthesis of multi-sub-
stituted trans-cyclopentamines in a high trans-diastere-

oselective fashion.
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Development of Multi-Electron Transfer Theory Based on In-situ
Spectroelectrochemistry and Machine Learning
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Exploring New Possibilities of Phthalocyanines through

Supramolecular Approaches

Name: Cheng Zhang

Host Laboratory: RIKEN Center for Emergent Matter Science,

Recently, researchers pay more and more attention

to polar materials due to its promising applications

Cross-Divisional Materials Research Program,
Information Transforming Soft Matter Research Unit

Laboratory Head: Daigo Miyajima

such as bulk photovoltaic effects, shift-current theory,

spin filter effects, and so on. The bulk photovoltaic ef-



fect involves direct current generation in noncentro-
symmetric semiconductors or insulators under light ir-
radiation. However, most of the reported literatures
were mainly for inorganic ferroelectrics such as oxides,
chalcohalides and hybrid perovskites, while studies on
in organic materials are quite limited. We designed and
synthesized a subphthalocynine (SubPc) derivative
(SubPc-SC,,) having C;, symmetry with hexagonal
columnar liquid crystalline property exhibiting sponta-
neous polarization along the columnar axis. After ap-
plying DC E-field, the macroscopic polarization has
photo-response and can generate photocurrent under
light irradiation after E-field is switched off, which
could be applied in organic photodetectors. The devic-
es based on SubPc-SC,, exhibited a high on/off current
ratio of 6.6 X 10° with the simple device structure, just
sandwiching the SubPc-SC;, by two ITO electrodes.
This is the first example of organic photodetection de-
vice based on just one material with bulk photovoltaic
effects.

However, although we successfully utilized the mac-
roscopic polarization into photodetector applications,
the relationship between the polarization and photocur-
rent generation is still unclear. It is highly emergent to
develop the polar single crystals to quantitatively in-
vestigate the relationship and propose the rule/princi-
ple to promote the development of the field of organic
optoelectronics. Through our efforts, just by replacing

the a-H atoms of SubPc to F atoms, we successfully

X1X-021

obtained the polar crystals with perfect hexagonal co-
lumnar arrangement and fully 7 -surface overlap which
is never reported yet in organic single crystals with
only one component. By systematical investigation, we
find that the competition between hydrogen bond and
pi-pi interactions can decide the polar or non-polar of
SubPc crystals. We proposed the design principle to
achieve organic polar crystals. If the bowl-shaped C;
symmetry molecules are assembled in trigonal lattice,
they must be polar crystals. Based on this, we further
obtained a series of new SubPc polar crystals. Now we
seriously study the shift-current theory and spin-filter
effects based on this polar crystal with good semicon-

ductivity.
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Identification and Functional Characterization of Peptide Hormones Secreted
from the Plant Seed Coat to the Spermosphere

Name: Yi-Lun Tsai

Host Laboratory: RIKEN Center for Sustainable Resource Science,

As a natural border the plant seed coat must com-
municate with many different cell types, both with
other seed tissues and with other soil microorganisms.
Recently small signaling peptides (SSPs) have been
shown to be an important class of plant signaling mol-
ecules, however their function’s remain largely un-
known due to their small size and vast number. Since
the seed coat is likely to mediate signaling through
SSPs, I propose to identify SSPs secreted from the seed
coat and characterize their functions. Previously I have
identified a family of small proteins that localize to the
seed coat mucilage, which I named TESTA ABUN-
DANT (TBA) proteins. I have designed CRISPR-Cas9
constructs to knock-out members of the TBA family,

and using this approach I have isolated the thal thba2

Dormancy and Adaptation Research Unit

Laboratory Head: Mitsunori Seo

tha3 triple mutant and the thal tha?2 tha3 tbal quadru-
ple mutant. However, these mutants did not show de-
fects in seed coat and seed germination, suggesting the
TBA proteins may have other functions in the seed
coat. Meanwhile, I also generated CRISPR-Cas9 con-
structs to knock-out 12 other small proteins highly ex-
pressed in the seed coat. Plants homozygous for the
mutation have been isolated in 2 of these proteins,
while segregating heterozygous mutants have been iso-
lated for 7 of these proteins.

One possible function of SSPs in seed coats is to sig-
nal the soil microorganisms around the seed, or the
spermosphere. Therefore the survey of the spermo-
sphere microflora may help validate this hypothesis. A

preliminary protocol has been developed to enumerate



spermosphere bacterial cell numbers by culturing or
quantitative PCR. Interestingly, seed coat mucilage ap-
pears to affect spermosphere bacterial counts but in a
soil-specific fashion. It seems that the interaction be-
tween mucilage and soil microorganisms is contingent
on multiple other factors. On the other hand, the soil
bacteria Actinomycetes may interact with plant seeds
with the wide range of chemicals they secrete. To deter-
mine whether Actinomycetes indeed secrete com-
pounds that regulate seed germination, a library of over
200 strains were inoculated on Col-0 seeds to test their
effects. 5 candidate strains were identified to consis-

tently delay seed germination. Furthermore, the culture
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supernatant from these strains alone were sufficient to
inhibit germination in a dose-dependent manner. This
confirms that the germination-inhibiting effects were
indeed caused by compounds secreted by the candidate
strains. Screens to identify strains that promote germi-
nation instead have been performed, however no strains

with such activities have been identified to date.
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Global and Quantitative Analysis of Neuronal RNA Granules

Name: Marek Konrad Krzyzanowski

Host Laboratory: RIKEN Center for Brain Science,

Expression of the genetic information consists of
several steps, including mRNA transport and transla-
tion. In neuronal cells, delivery of specific mRNAs to
dendrites for local translation allows modulation of
synaptic strength and consequently underlies higher
brain functions such as learning, memory and emo-
tions. Delivery of mRNAs to the dendrites occurs in the
form of RNA transport granules, which contain ribo-
somes, translation factors and RNA-binding proteins.
However, despite the potential significance of RNA
granules for higher brain functions the mechanisms
governing assembly and regulating neuronal RNA
granules are unclear. Moreover, there is currently no
single established method to isolate them from a vari-
ety of sources, to follow their dynamics or changes in a
global and quantitative way.

The long-term goal of the project is to comprehen-
sively investigate the composition of neuronal RNA
granules and identify novel factors involved in dendrit-
ic mRNA transport and local translation. At the initial
stage of the project I have developed a biochemical

method to purify RNA granules from mouse brain and

X1X-030

Laboratory for Protein Conformation Diseases

Laboratory Head: Motomasa Tanaka

studied how their protein composition changes during
aging with the use of quantitative mass spectrometry
(TMT - tandem mass tags method). These data sug-
gested that a number of RNA-binding proteins are en-
riched in RNA granules independently of age. I am
now focusing on the follow up experiments that aim to
answer the question how those RNA granule-enriched
proteins are connected to neuronal functions, i.e. mor-
phological development and response to stimulation. In
parallel I studied RNA granule composition in two mu-
tant mouse models with the symptoms of neuropsychi-
atric disorders and for which I am currently trying to
apply a different quantitative mass-spectrometry meth-
od (LFQ - label free quantification) to shed light on
potential disease mechanisms.

Recently I implemented similar workflow to cul-
tured cortical neurons and will expand the study to fol-
low the changes occurring to RNA granules and polyri-
bosomes upon neuronal stimulation (for example in
conditions of chemical long-term potentiation). To-
gether, I would like to obtain a view of RNA granules

as dynamic structures responding to neuronal activity.

MODULATION OF THE STRENGTH OF EMOTIONAL MEMORIES

BY HIGH STATES OF ANXIETY

Name: Nur Zeynep Gungor

Host Laboratory: RIKEN Center for Brain Science, Laboratory for

Relief is a state that arises when an aversive experi-
ence ends. We observed that one function of relief is to
produce learning about the environmental stimuli
which are associated with safety to facilitate future
harm-reducing behaviors. We also observed that relief
can buffer the impact of negative experiences and pro-

vide a state for emotional recuperation. As such, we

Neural Circuitry of Learning and Memory
Laboratory Head: Joshua Patrick Johansen

propose that relief is a critical built-in mechanism to
increase the chances of survival and help animals cope
with a dangerous environment. Central amygdala is a
brain area involved in fear learning and expression, and
contains a moderate number of enkephalin (ENK) ex-
pressing cells. Our preliminary data show that the en-

kephalin cells in central amygdala (CeA-ENK) play a



critical role in mediating functions of relief described

above.

By selectively expressing calcium indicators in the
pENK-cre-knock-in mice line and using a miniature
microscope mounted to animal’s head, the activity of
CeA-ENK cells was imaged in vivo. When the animal
received electrical foot-shocks, a strong sustained ac-
tivity outlasting the foot-shock exposure was observed.
We also found that CeA-ENK cells were active during
rescue from an aversively hot-plate. After a short expo-
sure to hot-plate, the animal were rescued by the ex-
perimenter’s hand. CeA-ENK cells were active when
the animal made contact with the experimenter and this
activity continued after returning to the home-cage. In-
terestingly some CeA-ENK cells selectively encoded
the experimenter’s hand and were consistently active
whenever the animal was handled, even outside of the
hot-plate context. These results indicated that Ce-ENK
activity is important for encoding relief that is associ-

ated with the ending of aversive experiences.

Results from the behavioral experiments described
below corroborated the observations from the calcium
imaging experiments. We hypothesized that the relief
signal observed in CeA-ENK cells could be important
in learning about the environmental stimuli which are

associated with safety. Thus we developed a platform
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relief learning task where the animal is rescued from
the hot-plate by a platform (rescuer platform). In con-
trol mice, this experience increased mice’s preference
to rescuer platform compared to a familiar other plat-
form. Interestingly, we observed that when the CeA-
ENK cells are inhibited, this preference is abolished.
We also hypothesized that CeA-ENK mediated relief
could be important in buffering the negative impact of
aversive experiences and promote recuperation. We
tested fear learning and anxiety levels in mice using
behavioral assays in which the aversive experiences
were buffered with home-cage rests. Indeed, we ob-
served that the inhibition of CeA-ENK cells lead to in-
creased fear learning and increased anxiety-like behav-
iors suggesting that in the absence of proper CeA-ENK
functioning, the animals could not benefit from home-
cage rests and the tests became highly aversive. Over-
all, our preliminary results suggest that CeA-ENK me-
diated relief signaling is important in learning about the
stimuli associated with the ending of aversive experi-

ences and recuperation from negative experiences.
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Understanding the mechanism of intergenerational inheritance of
metabolic disorders via the oocyte epigenome and placenta
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Investigation of manipulation of interneuron activity on

hippocampal memory formation

Name: Vladislav Sekulic

Host Laboratory: RIKEN Center for Brain Science,

In mammals, the formation of new memories criti-
cally depends on the hippocampus. Although primarily
composed of excitatory principal neurons, the remain-
ing inhibitory interneurons exhibit a wide array of mor-
phological, molecular, electrophysiological, and syn-
aptic properties!. Thus, teasing apart the contribution
of different interneuron cell types is required to under-
stand hippocampal function. One prominent type of
inhibitory interneuron in the CA1 region of the hippo-

campus is the O-LM cell (oriens-lacunosum/molecu-

Laboratory for Circuit and Behavioral Physiology
Laboratory Head: Thomas John McHugh

lare), which innervates the distal regions of the den-
dritic tree of principal excitatory neurons. O-LM cells
may play a critical role in switching information flow
between novel sensory and contextual information?.
Furthermore, impairment of CA1 O-LM interneuron
activity in a mouse model of Alzheimer’s leads to
memory deficits>. However, how O-LM interneurons
affect local circuit computations in the CA1 hippocam-
pal region is largely unknown.

In the present study, we sought to determine local



circuit effects of O-LM cell manipulation during con-
textual fear conditioning (CFC) tasks in mice. Using
somatostatin-Cre (SST-Cre) mice, where somatostatin
is a genetic marker for O-LM cells, we previously mea-
sured activity of neurons in dorsal hippocampal CAl
using the Robust Activity Marker (RAM)* during new
memory formation in CFC tasks. Additionally, we co-
injected the SST-Cre mice using either excitatory
(hM3D) or inhibitory (hM4D) DREADDs, to measure
the effect of either activating or inhibiting SST neurons
during conditioning. Surprisingly, CA1 pyramidal cell
RAM expression was increased upon SST cell activa-
tion compared to when SST cells were inhibited, con-
trary to previous work showing the opposite effect on
principal granule cell activity by SST interneuron acti-
vation in the dentate gyrus’.

However, the RAM construct used in our initial re-
sults is a synthetic promoter that is comprised of both
cfos and Npas4 promoters, which are immediate early
gene markers. Although both cfos and Npas4 expres-
sion are implicated in novel memory formation, cells
that express one or the other may reflect differential
synaptic plasticity from excitatory or inhibitory affer-
ents®’. Given that in our study we are interested in the
effects of inhibition onto principal cell assemblies dur-
ing memory formation, we expanded significantly
these results by using novel activity markers that dis-
sociate the fos and Npas4 promoter elements, i.e.,F-
RAM (fos-RAM) and N-RAM (Npas4-RAM)S. We
also repeated the experiments using PV-Cre mice, since
PV-expressing interneurons are another major class of
inhibitory cells shaping network activity in CA1.

To date, the control and inhibitory chemogenetic ex-
periments have been completed, with the excitatory
chemogenetic groups almost completed as well. Al-
though data analysis is still ongoing, the initial results
indicate that there is a marked reduction in freezing
upon SST cell inhibition during conditioning, but not

PV cell inhibition. Furthermore, the dissociation of la-

belled pyramidal cell ensembles using F-/N-RAM re-
vealed more precise and fine-tuned differences of SST
interneuron activity on ensemble formation. In particu-
lar, SST inhibition led to a marked reduction of the
number of F-RAM labelled principal cells, in line with
our previous results using the original RAM marker.
Additionally, SST inhibition resulted in significantly
less labelling of N-RAM in deep, but not superficial,
pyramidal neurons in CA1. These results will serve as
a springboard to investigatie further the detailed circuit
consequences of SST interneuron activity in memory
formation, using additional cell labelling, viral synap-
tic tracing, as well as in vivo recording experiments to
be conducted in FY2021.
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Molecular Changes in Sensory Neurons During Chronic

Cutaneous Inflammation

Name: Sotaro Ochiai

Host Laboratory: RIKEN Center for Integrative Medical Sciences,

The focus of the research is to investigate how sen-
sory neurons interact and communicate with non-neu-
ronal cells during skin chronic cutaneous inflamma-
tion. To identify the molecules and/or pathways that are

essential for the neuronal function during skin inflam-

Laboratory for Tissue Dynamics
Laboratory Head: Takaharu Okada

mation, sensory neurons were single cell FACS sorted
form WT and atopic dermaititis (AD) mice. These cells
were single cell RNA sequenced and bioinformatic
analyses were performed. Unsupervised clustering

analyses showed that sensory neuron subsets can be di-



vided in to six major subsets. Differentially expressed
gene (DEG) analysis revealed that the gene expression
pattern in one of the subsets, termed the NP3 subset, to
be greatly different between the WT and AD mice. One
of the signature gene for this subset is interleukin-31
receptor alpha (IL-31RA). To best of our knowledge,
while mice to deplete other sensory neuron subsets are
available, there was no efficient way to deplete and test
the importance of the NP3 subset.

I generated NP3 deficient mice, IL-31RA-CrexDTA
mice, where the cells expressing IL-31RA are depleted.
Using these mice, I tested the effects of a range of pru-
ritogens on NP3-deficient mice. As expected, recombi-
nant IL-31 induced itch that was completely depended
on NP3 subset. While, itch induced by compound
48/80, which causes mast cells to release histamine,
was partially dependent on NP3 cells. More interest-
ingly, only the first hour showed partial NP3-depen-

dency. From our scRNA sequencing data, the main
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histamine receptor (Hthl) is expressed by both NP3
and another related subset, NP2. This result may sug-
gest that even the closely related subset of sensory neu-
rons have different activation kinetics upon the stimu-
lation with pruritogens.

Using various models of AD, combined with skin
whole mount staining of NP3-reporter mice, I was able
to show the morphological phenotype of NP3 cells. In
the normal condition, NP3 cells, unlike other sensory
neuron subsets, do not project into the epidermis. How-
ever, during cutancous inflammation, neurites from
these cells extend beyond the dermal-epidermal barri-
er, and this morphological change was supported by
our scRNA sequencing work.

I am currently searching for mediators that could
harness interaction and communication between neu-
rons and non-neuronal cells during the development of

cutaneous inflammation.

mTORC1 > 7V OMAEF— 2 EA#H T HlA &

ZTORBID1MRED — L L X

Single-cell Opto-transcriptomics For Deciphering Mechanisms
And Functions Of mTORC1 Signaling Heterogeneity

mTORC1 (mechanistic target of Rapamycin com-
plex 1) ZRERT7 I /LW T4 7RI T
KK ORI L., ZROMIEREZHIHT 2 L0 5
AN S 7 F IABED § TH % H. mTORCI A
BOMBEREZ £ D K 51 LU TimaArc il L Tv
20, ZORFE X 0> TV, AZETRE
mTORC1 DG PEH)fE & mTORC1 KBIHD—DTH
R I Rl [ Ll e o S i P N IR
mTORCI & D & 512 U CHIRE I Z I L Tv
2ONRAT 2 &, FIMlE A OMES T 72 HilfE 4
HEMEHREE ED K S B R RIC K > TEC 50D
MHSMMCT R EZHEE LTS,

S ATEEICHER L2t - RIFHIBISOHS
DHCHM B> AT L2 v T, HeLafllld O

WF 2% 35 K 44 /MR E# Naoki Komatsu
Z A WE 7% 2 ehiRRlemise e o 2 —

A PEHERR R BT T — Ly
(FisE whn 2el)

mTORC1 {4k & MR JE 2 LMl A—2 > 7L
Teo WRMEHTIC X O mTORC FEME: & M & 1A D
RINT— 2205 Utz flEIHORERS] 7 — &
SHIEAD 4 DD T 1 — X% HETED Y TS T
5 E/A NN (5D AN N (7 AN A =B/ A NN 4 1N
mTORC1 G DR RN Z M E O 7 = — Xk
IKIN)V LI T A, BN T &I mTORC i
PEG TR LAV CIREEINIC D 5V TE D | FRCHE
JaE D 7 . — X (G1,S,G2,M) T &I R 75 iF
M2 —=VTEELTVE XS THoTz, O
B AZ R 75 5 E 2 5F /I # N 5 72 81T,
mTORC1 G DR R Z M E O 7 = — Xk
Yo L, WEE L7z, R TeT — X 2B AHE S
T & T, %7 x— RIFHM A mTORCI {&MED



K2k (€F—7) Z[FE L7, mTORFHHAIZ
HAwmihic &b, G & SHIC DOV TIE,
mTORCI AEHEALIC & D 8T = — X DHHAERER A
METAZeNE, EF—T7DHKICKDGIIAE
T E SHINER T 2 a[HEMED R E N, TNHOD
NS, GIEF—TXRIESEF—TI1XG1LH
SO T2 ZNZTUEET B LV S
ZHIENL T TV %, BISEE 7Tl a5 kA7 9 7%
mTORCIEMEHIC DOV T, EORE—RIELDH S
DOh . BHEAOEFEilakk 2 O TG 2 D T
%, RO MFEES % 72121 mTORC1 Z{T:
HOWERD S 2 — 2 TIEIHE E 8 2 ZOFI DRI
TH3DT, HTmTORCI M= BlET % RO
Wiiiolz, B TRGIEF—TRSEF—7
D FBUT TGP L O TR FEGIF D F A5 7%
&L DD, HAAFN 7 mTORC1 DIEMEAL & Z Dt
WKL TV 3, mAIEE TH %2021 4F &,

XIX-037

mTORCI i EDYEHRER DU R I K THIEROF]
MICL2GIEF—TBIUTSEF—THHICEKD
FEBIC GLII® S DMETT WMEHE S 2 D RRGET %o
R IR EF —7IC K DR E NS EILFIEH
DN EF — T 2 LA 7 R O £ 17
Do

@OBEHEK Oral Presentations

/MR TEEE “mTORC1 {EPEBIRE D AW A I L D figt
W17, ACT-X [Mdy AL 552 nl ik 2 64,
Zoom, 11 H (2020)

@K X% —%%K Poster Presentations

/MR TEE “mTORC1 {EMEBIRED W A IR D il
H1”, ACT-X [MEdv &AL ) 552 Il i B 22 G,
Zoom, 11 A (2020)

EBRCEFAEVBIEARLED—FRF /) Fa1—-THE—BFREOER

Single Quantum Source Capable of Manupulationg Electron Spin at
Room Temperature Based on Carbon Nanotubes

K AR FTNA ADOEESHREETH
D, BRARGEMRIZ IO THIEM b TE e, T
ZUHATOMO ML TaEFE#RE LTS 7201
. YEFED S E NS T HMION RS S
TOEK DI, HTFROEEZTET 50 E DD 5,
IHICHETHEEY a—IUET B oIciE,
T ZATZONEICTER U TR REIC S % 2 &
SHEBEICERDEA S,

ARAEFEXZD RN & LT, SiFtRDMITEUNG
Ll i—RYF ) F a2 =TI R R4S
AL, ZOFCRHEDF MRS 5 T & ZildH
720 YEZERIDICE D h—KR T ) F 2 =TIk
Bz LT, 3t & 52 REES L7z, 2000
RLALEDORIE B I— R F ) F 2 —TWH LTI
SAIIIE 21TV, FOEANRY MILEIR LTz, 3¢
AR MV I B 580 ¥ — J (& 2 i mIMIC iR
R B 7zt - (L2 ETIVERERE Lz, T hic

WF 2% 35 K 44 - /N R Daichi Kozawa
Z AW B ORI 2 —

B4 7 hTL Y ba= g AT — L
(FEE gk HE—ER)

X0 H—RYF /) Fa—TOERIT KD MISHEICE
WIVHHTL B2 &b oz, FlIGICKB5E
S D ZALIE & FHRRCE 7OV Rl AR bE S
LT, RipEEzAMENS X5k o Tz,

CNETORRE S LIC, SRIIRIRSEDEA
DI=D DAL EROSHIE, FEECALE R S N7z’
MRS DEANE R EZRIBIE TS FETDH
%o 20204 FEDWIFL R D 5 i BKIA A A 239 72
FTRMIGEDIR TR TH B b >TzDT,
FENTIZRINF—D L —YP—ZEA U TKILTEDM
F2HS ., TNETICHFEL TEIH—RM7ED
Bl HBlE 7 a 7S Ll Hbe s T LT,
Hi—03 1 LU THOCPER B R E 5 Ik 72 45
WU, 74 —KN\w 7220 57%EDRISHIEZTT
. TOHEFL—P—ZHN U T TofiiEic #
—NTRZEATEZDT, Wbds7+ IV TS
T4 —ZMAICRIES BTN 5 5,

— 100 —



=R F /) Fa—TenHI 70X r—)VDE
SEFEOMRLE . AR A ADF ) A — Ukt
FHHEBEECHAGHOESZZEDNTES LI ITEN
X, F/exratzy—LLARACORERGDYES
BRGEANC R Z125 95, EI25%OWMRFHEL.
WHFOMMIN TRl L A EHE BT & T, —Hh
V) Fa— T BRI RIS OEREE B
fFTE 5,

@OEEHZE Oral Presentations

Kozawa D., Wu X., Ishii A., Fortner J., Otsuka K.,
Xiang R., Inoue T., Maruyama S., Wang Y-H. and Kato
Y. K.: “Diameter-Dependent Photoluminescence Prop-
erties in Color Centers of Air-Suspended Single-Walled
Carbon Nanotubes”, HAYIHEZ32020F R K2,
Z T4 2, Sept. (2020)

Kozawa D., Wu X., Ishii A., Fortner J., Otsuka K.,
Xiang R., Inoue T., Maruyama S., Wang Y-H. and Kato
Y. K.: “Formation of Quantum Emitters in Air-Sus-
pended Carbon Nanotubes Using Vapor-Phase Reac-
tion”, 20204F EE81EIGHYIRE A R Atk 2,
F>F4 2, 9H Sept. (2020)

Kozawa D., Wu X., Ishii A., Fortner J., Otsuka K.,
Xiang R., Inoue T., Maruyama S., Wang Y-H. and Kato

Y. K.: “Diameter-dependent Photoluminescence Prop-

X1X-038

erties in Color Centers of Air-Suspended Single-Walled

Carbon Nanotubes”, 35901 75 —L 2 « &/ F 21—

T TIGT 2 URETVYRI TN, A T4, Sept.

(2020)

Kozawa D., Wu X., Ishii A., Fortner J., Otsuka K.,
Xiang R., Inoue T., Maruyama S., Wang Y-H. and Kato
Y. K.: “Analytical Estimation of Color Center Density
Formed in Air-Suspended Single-Walled Carbon Nano-
tubes”, HAWIBI A 22 BE76MMIH RS (202147) |, 4
>4 Y, Mar. (2021)

Kozawa D., Wu X, Ishii A., Fortner J., Otsuka K.,
Xiang R., Inoue T., Maruyama S., Wang Y-H. and
Kato Y. K.: “Analytical Estimation of Quantum
Emitters Formed in Air-Suspended Single-Walled
Carbon Nanotubes”, H560E 75 —L > «F /Fa
=TT T2 BB URIT L, AVTA Y,
Mar. (2021)

Kozawa D., Wu X., Ishii A., Fortner J., Otsuka K.,
Xiang R., Inoue T., Maruyama S., Wang Y-H. and
Kato Y. K.: “Diameter-Dependent Photolumines-
cence Properties in Color Centers of Air-Suspended
Single-Walled Carbon Nanotubes”, American Physi-
cal Society March Meeting 2021, %> 1 >/, Mar.
(2021)

Ultra-Thin Self-Powered Pressure/Strain Sensors

Name: Junwen Zhong

Host Laboratory: RIKEN Center for Emergent matter Science,

Ultra-thin pressure/strain sensors have wide applica-
tions in wearable electronics and robotics, etc, as these
sensors have super flexibility to be well assembled with
human body or robots. Developing self-powered ultra-
thin pressure/strain sensors with high output perfor-
mances/sensitivity is still a great challenge. The re-
search topic of self-powered ultra-thin pressure/strain
sensors include 2 detailed research works as following:
(1) Developing Parylene/Teflon electret-based and ul-
tra-thin pressure sensor for smart mask with applica-

tion of breathing condition monitoring. The total thick-

Emergent Soft System Research Team

Laboratory Head: Takao Someya

ness of this sensor is less than 6 pm, which is the
thinnest reported self-powered sensor, and the peak
output voltage reaches up to 10 V under air pressure of
4 kPa. Based on the excellent output performance, this
sensor is assembled into a mask for measuring various
breathing conditions, such as normal breathing, fast
breathing, and coughing, etc. Moreover, the signals
from the sensor can be transmitted to a cellphone. This
smart mask may be great helpful to deal with the CO-
VID-19 pandemic crisis.

(2) Developing PDMS/CYTOP electret-based and ul-

— 101 -



tra-thin stretchable pressure/strain sensor for detecting
pneumatic robot motions. With novelty designed Au
electrode on ultra-thin PDMS substrate, this sensor can
detect stretching strain up to more than 100%, and the
thickness of the whole sensor is less than 10 pm. As a
pressure sensor, the output performance remains al-
most the same under initial and 20% strain states.
Moreover, this sensor has excellent stability for con-
tinuously working for more than 30,000 cycles. This

self-powered sensor will be assembled with a pneu-
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matic robot to endow it with sense of tactile, so that this

robot can grasp object with various weight or shape.
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Zhong J., Takakuwa M., Jiang Z., Fukuda K., Someya
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breathing conditions monitoring. in preparation.

Jiang Z., Zhong J., Takakuwa M., Fukuda K., Someya
T.: Stretchable ultra-thin pressure/strain sensor for

robot tactile sense. in preparation.

ULTRASENSITIVE SERS MICROFLUIDIC CHIPS FABRICATED

BY PHOTONIC METHODS

Name: Shi Bai
Host Laboratory: RIKEN Center for Advanced Photonics,

In FY 2020, the surface-enhanced Raman scattering
(SERS) microfluidic chip was developed and attomolar
sensing was realized by a newly proposed method us-
ing the fabricated SERS a microfluidic chip. The pro-
posed method was named liquid-interfaces assisted
SERS (LI-SERS), which achieved the detection limit
of Rhodamine 6G (dye molecule) lower than 1017 M
(10 attomolar). I found that when the Raman excitation
laser was focused at the interface of air and analyte so-
lution on the SERS substrate in the microfluidic chan-
nel, the Raman intensity was extremely enhanced from
the common SERS signals. To explain the enhance-
ment mechanism of LI-SERS, COMSOL Multiphysics
was used to illustrate the thermal effect at the liquid
interface induced by the Raman excitation laser beam.
The temperature increases in the laser focal spot due to
laser heating induces the temperature gradient from the
laser focal spot towards the outside. This temperature
gradient causes the liquid flow near the liquid interface
to generate the vortex, which forces the analyte mole-
cules to flow into the laser focal spot. Meantime, the
solvent evaporates due to the laser heating, resulting in
deposition of the solute (analyte molecules) freely de-
posits at the laser focal spot on the SERS substrate.

Therefore, more analyte molecules are able to enter

Advanced Laser Processing Research Team

Laboratory Head: Prof. Koji Sugioka

into “hot spots” to significantly enhance the Raman
scattering. The LI-SERS method is expected to be used
for DNA discrimination of bacteria and virus. Owing to
the high sensitivity, the advantage of LI-SERS method
for DNA discrimination might be unnecessity of the
DNA amplification, which could significantly speed up
the screening procedure of DNA.

Meanwhile, the electrochemical SERS (EC-SERS)
microfluidic chip was fabricated by hybrid femtosec-
ond and continuous wave laser processing. A three-
electrode system was fabricated in a glass microchan-
nel by selective metallization (counter electrode and
working electrode) and femtosecond laser nanojoining
(reference electrode). On the working electrode, ZnO
nanowires were grown on the Au film by continuous
wave laser induced thermal growth, followed by deco-
rating the grown ZnO nanowires with Ag nanoparticles
by continuous wave laser reduction. I found that due to
electrostatic interaction, the Ag nanoparticles were at-
tached to the tip of ZnO nanowires, assembling into a
Ringo-Ame (candy apple) structure. I expect to apply
the fabricated EC-SERS microfluidic chip for the anal-
ysis of neural transmitters such as dopamine, which
may be useful for the understanding of human neural

activities.
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@Publications

Paper

1.Bai S., Serien, D., Ma Y., Obata K. and Sugioka K_;
Attomolar Sensing Based on Liquid Interface-As-
sisted Surface-Enhanced Raman Scattering in Mi-
crofluidic Chip by Femtosecond Laser Processing.
ACS Applied Materials & Interfaces 12(37), 42328-
42338, (2020).

Books

1.Hu A., Li R,, Bai S. et al. Laser Micro-Nano-Manu-
facturing and 3D Microprinting. Springer, Cham
(2020).

@Oral Presentation

Conference

1.Bai S., Serien D., Obata K., Sugioka K.: “Glass Mi-
crofluidic SERS Chip Fabricated by Hybrid Femto-
second laser Processing with Localized Analyte Ag-
gregation using Laser Performing Extremely
Sensitive Sensing” 215t International Symposium on
Laser Precision Microfabrication, Online, 2020,
June 23.

2.Bai S., Sugioka K.: “Attomolar Sensing by Liquid
Interface-SERS using 3D Glass Microfluidic Chip
Fabricated by Hybrid Femtosecond Laser Process-

ing” The 815 JSAP Autumn Meeting, Online, 2020,
September 10.

3.Bai S., Sugioka K.: “Glass Microfluidic SERS Chip
Fabricated by Hybrid Femtosecond Laser Processing
for Attomolar Sensing” ICALEO 2020, Online,
2020, October 21.

4.Bai S., Sugioka K.: “Glass microfluidic SERS chip
fabricated by hybrid femtosecond laser processing
for Attomolar sensing and DNA discrimination”
SPIE LASE, Online, 2021, March 6. Invited talk

5.K. Obata, S. Bai, and K. Sugioka, “Additive and sub-
tractive manufacturing process by hybrid laser mate-
rial processing”, SPIE Int. Conf. on Advanced Fabri-
cation Technologies for Micro/Nano Optics and
Photonics XIV, Web conference, March (2021). In-
vited talk

6.Bai S., Sugioka K.: “Electrochemical Surface-en-
hanced Raman Scattering Microfluidic Chip Fabri-
cated by Hybrid Femtosecond and CW Laser Pro-
cessing” The 68 JSAP Spring Meeting, Online,
2021, March 16.

7.Bai S., Sugioka K.: “Attomolar sensing using micro-
fluidic SERS chips fabricated by hybrid femtosecond
laser processing” The 8" RAP Symposium, Online,
2021, March 9.

XIX-040 Microfluidic Assisted Synthesis of RNAi-based Cancer Nanomedicine

Name: Hei Man Leung

Host Laboratory: RIKEN Cluster for pioneering Research,

Encapsulating therapeutic drugs in gelatin-based
carriers have potentials in the development of RNAI-
based drug delivery system for cancer treatment. How-
ever, the lack of understanding of interactions and
transport of drug carriers to tumor site hindered the use
of cancer nanomedicine. The aim of this research is to
understand effect of particle size and shape on the inter-
action with cancer; and to design efficient RNAi-based
drug delivery systems for cancer therapy. A microflu-
idic assisted synthesis of photo-curable gelatin parti-

cles is currently being developed. The advantage of

Nano Medical Engineering Laboratory
Laboratory Head: Yoshihiro Ito

using microfluidic approach is that it allows formation
of gelatin particles with controlled size and shape. Fur-
thermore, multiple droplet generation units were paral-
leled together into a 3D multi-channels geometry de-
vice to increase gelatin droplet production. The results
show our 3D microfluidic devices have excellent con-
trolled over the size of gelatin droplets. The perfor-
mance of these gelatin droplets as drug carriers will be
evaluated for its drug loading capacity, tumor-targeting
ability and controlled release. The biocompatibility, in-

teractions between drug carriers and cells, and con-
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trolled release of drug will be determined with in vitro

experiments. Furthermore, these gelatin particles will

XIX-041

be used to encapsulate drug and its bioactivity as drug

delivery system will be investigated.

Characterization of Dry-Cured Sausages Stuffed in A New Innovative

Casing Formulation Based on Terahertz Spectroscopy and Imaging

Name: Chao-Hui Feng
Host Laboratory: RIKEN Centre for Advanced Photonics,

As an emerging and cutting-edge technology, tera-
hertz spectroscopy (THz) has been intensively em-
ployed to detect biology threats and defects, residue
detection, transgenic food, foreign body detection, dy-
namical changes in seeds and adulteration. However,
the application of terahertz spectroscopy in foodstuffs
is still at infant stage in comparison with the sophisti-
cated and prevalent spectroscopic and imaging tech-
niques. As water is a strong THz wave absorber, it is a
great challenge to apply THz spectroscopy to the high-
water content foodstuffs (especially for up to 97.98%
wt.) and a decent material preparation is requested to
eliminate the effects caused by water and to obtain the
real fingerprint spectrum of the high-water content
foodstuffs. Since last year, we have commenced to con-
firm the feasibility of evaluating properties of different
casings modified by surfactants and lactic acid using
terahertz spectroscopy. The spectra changes of sausage
beef, sheep, and hog casings before and after modifica-
tion (via surfactant solution and slush salt with lactic
acid) were monitored by Terahertz time - domain spec-
troscopy (THz-TDS) with transmission mode. In addi-
tion, THz-TDS with attenuated total reflectance (ATR)
mode was employed to detect the fresh and modified
hog casings during drying procedures (using nitrogen
gas at a flow rate of 20 L/min). The specific steps for
measuring casing using THz-TDS with transmission
mode and ATR mode can be found in supplement docu-
ment (Figure 1). With the help of Professors Otani,
Ogawa and Juan F. Garcia-Martin, this manuscript of
this research study has been revised for 7 times and is
now accepted for publication in Food Control (impact
factor: 5.548) in FY 2021.

Terahertz Sensing and Imaging Research Team
Laboratory Head: Chiko Otani

Continuing the research work at the University of
Seville, flavonoids were extracted from the sweet or-
anges and the extracts were detected by THz-TDS and
Fourier transform far-infrared (FT-FIR) spectrometer.
The feather absorbance spectra in the THz range of
hesperidin and naringin have been identified by using
both THz-TDS and FT-FIR. The co-operator at Kyoto
University have repeated my experiments and the same
absorbance spectra have been obtained. This implies
that the experimental results are repeatable and trustful.
In this way, the absent THz database on hesperidin and
naringin are filled, which could provide useful infor-
mation for the deeper study. Furthermore, the relation-
ship between concentration of hesperidin/naringin and
THz absorbance spectra is clearly elucidated by using
partial least square regression model. Moreover, the
extracts from waste orange peels possess similar spec-
trum to that of standard hesperidin fingerprint spectrum
[shown in supplement document Fig. 2 (a)], which in-
dicates these extracts contain hesperidin [Fig. 2(b)] and
this method is more advantageous than the complex
traditional analysis procedures like HPLC. Due to sim-
ilar molecule structures of hesperidin and naringin, the
retention times for those two compounds are very close
[Fig. 2(c) & (d)]. Nevertheless, those compounds pos-
sess the distinguished fingerprint THz spectra that can
be easily identified [Fig. 2(a)]. The main achievements
and future plan are summarised in the supplement doc-

ument (Figure 3).

@Publications
Papers
1.Feng, C. H., Otani, C. Ogawa, Y. & Garcia-Martin, J.
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F. (2021). Evaluation of properties in different cas-
ings modified by surfactants and lactic acid using
terahertz spectroscopy - A feasibility study. Food
Control, 127, 108152 (impact factor: 5.548).

2.Feng, C. H., Garcia-Martin, J. F., Lavado, M. B.,
Lopez-Barrera, M. C. & Alvarez-Mateos, P. (2020).
Evaluation of different solvents on flavonoids extrac-
tion efficiency from sweet oranges and ripe and im-
mature Seville oranges. International Journal of
Food Science and Technology, 55, 3123-3134. (im-
pact factor: 3.713).

3.Feng, C. H., Makino, Y. & Garcia-Martin, J. F.
(2020). Hyperspectral imaging coupled with multi-
variate analysis and image processing for detection
and visualisation of colour in cooked sausages
stuffed with different modified casings. Foods, 9,
1089 (impact factor: 4.350).

Review articles

1.Feng, C. H. & Otani, C. (2021). Terahertz Spectros-
copy Technology as an Innovative Technique for
Food: Current State-of-the-Art Research Advances.
Critical Reviews in Food Science and Nutrition, 61,
2523-2543. (impact factor: 11.176).

2. Garcia-Martin, J. F., Cuevas, M., Feng, C. H., Alva-
rez-Mateos, P., Torres-Garcia, M. & Sanchez, S.
(2020). Energetic Valorisation of Olive Biomass:
Olive-Tree Pruning, Olive Stones and Pomaces. Pro-
cesses, 8, 511. (impact factor: 2.847).

Other

1. Granted Leading Initiative for Excellent Young Re-
searchers (LEADER) fund: funded by Minstry of
Education, Culture, Sports, Science and Technology
(MEXT) in Japan (No. 2020L0277), ¥20,000,000,
Principal Investigator.

2.Granted KAKENHI fund: JSPS Grant-in-Aid for
Early-Career Scientists: Innovative meal: character-
ization of sausages stuffed in a new novel casing for-
mulation with flavonoids extracted from waste or-
ange peel based on terahertz spectroscopy and
imaging (No. 20K 15477) ¥4,160,000

3. Granted “Collaboration Seed Fund”: Terahertz spec-
troscopy and hyperspectral imaging coupled with

different computational models to simulate water dy-
namical changes in sausages stuffed in the innovative
modified casings, funded by “Exploratory Collabo-
ration Seed” in FY2020 “Collaboration Seed Fund”
at Riken, ¥150,000.

4. Topic editor of Foods (IF: 4.350)

5. Topic editor of Frontiers in Plant Science (IF: 5.753;
https://www.frontiersin.org/research-topics/17613/
recent-advances-of-near-infrared-applications-in-
fruits-and-byproducts).

6. Peer-reviewer candidate from JSPS for reading pro-
posals of Grants-in-Aid for Scientific Research (i. e.
KAKENHI)

7.Reviewer board member of Foods (https:/www.
mdpi.com/journal/foods/submission_reviewers).

8. Interior Journal Publication: RIKEN at a Glance in
2020: (https://www.riken.jp/medialibrary/riken/pr/
publications/pamphlets/r-pamph/RIKEN-at-a-
glance-2020.pdf).

9.Recently, I am selected as a research representative
from the early-career researchers and receive an invi-
tation for contributing to a viewpoint article in Na-
ture Reviews Physics (This journal is significant im-
portant, the The impact score (IS) 2020 of Nature
Reviews Physics is 18.60 and it is a series of Nature).

10. I am invited as the Editor for the upcoming Nova

publication “The Book of Flavonoids”.

@Oral Presentations

Conferences

1. Participated the online “Discovery Afternoon” and
have a talk on “recent advances in non-invasively
evaluating the quality of foodstuffs by using hyper-
spectral imaging and terahertz spectroscopy”, No-
vember 27, 2020

2.Being invited for a oral presentation: Feng, C. H.,
Makino, Y., Garcia Martin, J. F. (2021). Evaluating
moisture of cooked sausages stuffed by modified cas-
ing via using hyperspectral imaging in tandem with
multivariate analysis. in Proceeding of I Internation-
al Workshop on Hyperspectral Imaging Unicamp

(online), 8-12" March, Campinas, Brazil.
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Development of single-nanometer focusing system of X-ray free electron
lasers for exploring photon-vacuum interaction

AWF5ED HiiZ SPring-8 compact free-electron la-
ser (SACLA) IZ &0 fftfaE s XFREM&E L —
HY— (XFEL) 210 nmLL FE THIET S & T,
E— 2737 — 102 W/em? I B 3ET % B i3 5 X R
HTrHZIER L., Thic &k D BZEDIERRIE A Hi5
DOBRZHIETEDTH %, MHATERIZTHHIO
HEVXFEL sub-10 nm #ED 72 DYEARITIE, K
MM - A sEOMA T DE NSRRI NS
advanced KB-Wolter NI #RZERH L. SACLA
&5 a8 T RRHEBC BT E sub-10 nm AR
IEERR A REZR 6000 5 LA LD KH/MEH, X UTa
SPGERIEIC K B 1 aremin DL EOK & 70 AGH ke
PR, OFBIZHIAATVS,

AL, OXFEL sub-10 nm % X T — D ik
JEVER, @ > 7)) 7 8 XFEL ORIIEFIEDRH
. OIS AT oS HEA g, 1ICBIL
Ttz > T,

DITDWT, WL CTHZEL TE 7o XEU& T
Atz IRl L., WEksEom Lz, B
RIICIE. HWBEEET - Biltds - Zh S ORdE
e DS EIMRICEHIS 5 2 & T, FEA LR
AFEDEVXMUE TG 2R LT, & BITED
BRI O AL D EIT K B At-wavelength I [
B2 S % 2 & T 2R0cifiaRZ2 A /15 rms
LPOENI T —OFERICKI LTz, Thid
Maréchal & 72 N 2T dH O, 8147 BE 5T sub-
10 nm#NEZERL S 58D TH S,

@IZDWVT, Rl XF&E - FEEHS & 2 Wl
IZIA . Ptychography i£IC X 2 I EG RS RRIC K %
sub-10 nm SYEAHli 2 F2 i U 7z, Bi#EIC KB HET
136.3 X 7.0 nm, HEICXBWETIE6.5%7.5m
(EB B XEHE, iz d) OHEEN
o, ZAMNEIIDOE & sub-10 nm A [ HE
THsHT R Lz, e, XFELXICHBT %

WF 7% 4 IC 44 0 1uH #6°F - Jumpei Yamada
2 A WEIE 2 DRl o 2 —

XFEL WFZEBaFEE0M

C—LT A VGRS IV—T
C— Lo A VEFEF— L
(FilEE KK B)

Pulse-to-pulse HCHRFPEREAf O AT REPERR R & U T,
Multiple defocused-CDI % i U 725 HITEIC DWW T
PHER ARG & RHRRR IR 2 S U 7z, 2021 4R JEIC
LR IRz FEid % & & £1C. XFEL sub-10 nm#E
FERZEMNITZEDE Lz,

@IT DWW T, advanced KB-Wolter IR 2R D {5
NTASBRRCTE H U, KR - wiofigiez 77—
& UTe. XU o et ds & O X BRI A
MBEDOMFICTHTZICET LUlce MBMEIE BIC,
Ist Commissioning IZ T HEE & 9" % 50 nm AR i O fif
IR U, RO E OSSR 2R LTz, &
HHOWMEIL N ET T T 2 Ic kB30I E R
AATED . BHE B X CRIETEO BN 5 DOk
) L2 AR O E LT\ 5,

@i L¥% Publications

50

Yamada J., Matsuyama S., Hirose R., Takeda Y.,
Kohmura Y., Yabashi M., Omote K., Ishikawa T.,
and Yamauchi K., “Compact full-field hard x-ray mi-
croscope based on advanced Kirkpatrick-Baez mir-
rors,” Optica 7, 367-370 (2020).*

Yamada J., Inoue T., Nakamura N., Kameshima T., Ya-
mauchi K., Matsuyama S., and Yabashi M., “X-Ray
Single-Grating Interferometry for Wavefront Mea-
surement and Correction of Hard X-Ray Nanofocus-
ing Mirrors”, Sensors 20, 7356 (2020).*

@OEEH X Oral presentations

(HEFEZH)

Yamada J., Inoue I., Osaka T., Matsuyama S., Yamau-
chi K., and Yabashi M., “X-ray nanofocused beam
scan using refractive prism and focusing mirrors”

International Conference on X-ray Optics and Ap-
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plications (XOPT2020), Online, 22th April, 2020
(N

(ARG, AL, H ERE, R E, mhsE
N, K], H EOVAIES, RIRKE—, SiAips,

“Wolter 111 % advanced KB = < — IC & % XFEL
sub-10 nmEYEIEF R DBFAFE” 5 34 A1 0 A S
N EZHEE MR ER S Y RIT L,
8C003, Online, 202141 H8-10H

IR, REEHEZ, AR, KEHH

XIX-043 A=N=FFNEERVEFINEXI/IOQOT I FTT7 1 —DFRE

Development of chiral optical chromatography using superchiral light

WF 7% & IX %4 & 2 Shun Hashiyada
2 AW Ot Lt 2 —

AWZED HIIE, SRS U7z 8 | T/ fhEh 2 D
EEHCHAET 2 A— 8 —F TN EHWT, FI)0L
DTD2DODEMMK (ZF v FA<—) B2
NEET AT TR ax 57 01— &R
BITBIELTHD, TFUFA—DFFIEHEITK
BWNEIRTEREICIEDS, VS K FUFA
S—OEYIANHEIZRES T ENHD . TF VT
A= HT AT L 3EETH B, T
FUFAT—r0ERE. RIS FI VRN TH S
MR F IV ISR ) (F2IV8E) =2/
WAUXFBIRETZ D, FURDE & F TV O ELE
HADgNC EICERLUTFEIIVEEE 5, RIEHE
HENTWaERY, 22 TR, MELD &9 F
T+ EMEIEN T % A—3—F 5 )Lz lvh
X BOFIIVNHEZEKTE, 2 FF A<=
BEERERKTEDDTIRAVNEEZ T, TONG%
FEET B T, A—3—F T )L ORI 35
KU A—IN=FFI)IVATF IV T mEERM T
XBHTEEIGETHEND S, KEEIIET. &
F  KEED RN B ZA—I8—=F F)VHD AT b VREE
DWE R TG A—I3=FF )V 7z VT2 T )V 50 T4
DIz I B 78, T/ RN %2
MR L7z, Chid, F /g 50 GBI, K
BHE. BEELEE U EHDY) oMM (MRS
RS KR ORI Z FRFICERITE . D%
N (AXRT ML) WELTEZRETH D, R
DB EHNT, FIIIVETFERAME S /fhEL T
F I )Vt (Rhodamine 6G) DIL{EZR D KGR
CHOCOMEAXRY MV ERE LIz LT A, Z
NEDANT MVIEIKD IR 2 ez LTz, K

7 & b RERRENIE T — L
(s M #h)

SHEDMEYEE AT MV / REo FAHN R
TG KM LTz AT MV TH B /T, il
NDZ NIRRT 5 A—/S—F FINED A
N7 MVEMHBET % T EDNVEITHIRE TRBEN T
%, TOSH, FHOFEEHRIRIE. F/ EoBE#
753 Z VR E D KIC 75 % i & RN 7a)eo
FIVT A DMKICTRBEENRES T L 2REL
TV, ThCBE LT, a2t ETe
IROTEHRRIG T KEED SFHE N T ED PR
JEART FVZWIE L, d0ehEn TR
ZRLicl &, Z LTS e g0 TR AN
JMVHRGEAS T EZRAM LTS, FI)LF /H
BT B KHPE & D MURIEEANRT ML
BBANZ AL, A= 3—=FF)IVHOREA =
ALEBHL TV EEZ LN, Thzb
MCT 5T I A—3—=FF )V MlRAHT % I
THELHETDH 5,

@5 ERZE Publications

(Z DAt

[1] Yamanishi, J.: Ahn, H. Y.: Hashiyada, S.: Okamoto,
H. “Optical gradient force on chiral nanoparticles”,
Proc. SPIE, 11522, Optical Manipulation and Struc-
tured Material Conference 2020, 115220E (2020).

@OEE K Oral Presentations

[1] K& H 2 “Chiral electromagnetic fields created by
metal nanostructures”, 558[AIRAPS VR Iw Ly, i
L2ARIFERT, 20214F3 1.
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X1X-044

Homogeneous Dispersion of Aromatic Thiolates in

Binary Self-Assembled Monolayer on Au(111)

Name: Misun Hong
Host Laboratory: RIKEN Cluster for Pioneering Research,

Self-assembled monolayers (SAMs) of aromatic thi-
ols on metal surfaces are of interest as a probing system
for evaluating surface enhancement in Raman spec-
troscopy or as a functional layer covering metals. Com-
pared to the counterparts of alkanethiolates, multicom-
ponent SAMs of aromatic thiolates have not fully
addressed yet regarding the surface structures of SAM
on metals such as chemical compositions of thiolates
and surface morphologies of underlying metal sub-
strates. In this work, I investigated local chemical states
and topography for the binary SAMs on Au(111) made
from simple aromatic thiols, benzenethiol (BT) and
benzenemethanethiol (BMT). For the purpose, we in-
troduce tip-enhanced Raman spectroscopy (TERS)
based on scanning tunneling microscopy (STM) under
ambient condition, which is a combined analytical tool
of surface-sensitive and locally confined spectroscopy
and high-resolution microscopy of surfaces/interfaces.

The adsorbed BT molecules were assembled with
poor ordering and the underlying Au(111) surface ex-
hibited Au adatom islands on the terraces as well as
jagged step edges. BMT has an alkyl linker between a
sulfur atom and a phenyl ring. Consequently, chemi-
sorption of BMT on Au formed strong Au-S bonds and
vertical alignment of phenyl rings. Au vacancy islands
were left on Au(111) upon formation of BMT SAM.
The binary SAM of BT and BMT were fabricated by
formation of BT SAM on Au(111) following by dis-
placement of BT by BMT. The Au surface contained
both adatom and vacancy islands in the STM images,
while BT and BMT are rather homogeneously distrib-
uted in nanometer scale as showing the similar TERS
spectra from multiple positions. With extending dis-
placement, BMT was majority of the SAM, while Au

adatom islands still remained on Au(111). The well-

Surface and Interface Science Laboratory

Laboratory Head: Yousoo Kim

dispersed BT and BMT in the binary SAM indicates
facile kinetics of BT-to-BMT exchange and rather slug-
gish mobility of surface Au atoms during the desorp-

tion-adsorption of thiolates.

@Publications

Papers

Hong M., Yokota Y., Hayazawa N., Kazuma E. and
Kim Y.: Homogeneous dispersion of aromatic thio-
lates in the binary self-assembled monolayer on
Au(111) via displacement revealed by tip-enhanced
Raman spectroscopy. J. Phys. Chem. C, 124, 13141-
13149 (2020).*

Kim Y., Hong M., Oh H., Kim Y. Suyama H., Nakani-
shi S. and Byon H. R.: Solid electrolyte interphase
revealing interfacial electrochemistry on highly ori-
ented pyrolytic graphite in water-in-salt electrolyte.
J. Phys. Chem. C, 124, 20135-20142 (2020).*

Yokota Y., Hong M., Hayazawa N., Yang B., Kazuma
E. and Kim Y.: Self-consistent tip conditioning for
tip-enhanced Raman spectroscopy in ambient envi-
ronment. J. Phys. Chem. C, 124, 23243-23252
(2020).*

Review articles

Hong M. and Byon H. R.: Singlet oxygen in lithium-
oxygen batteries. Batter. Supercaps, 4, 286-293
(2021)*

@0Oral Presentations

Hong M., Yokota Y., Hayazawa N., Kazuma E. and
Kim Y.: “Tip-enhanced Raman spectroscopy of dis-
placement process in mixed self-assembled mono-
layers of aromatic thiolates on Au(111)” The 87th
ECSJ Spring Meeting, Online Japan 2020, March
17-109.
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X1X-045

Development of a Hybrid Scanning Probe-Fluidic Nanospectroscopy

System for In-Situ Molecular Bioanalysis

Name: Maria Vanessa Cases Balois
Host Laboratory: RIKEN Center for Advanced Photonics,

We are now constructing the proposed nanospectros-
copy system whose main goal is to detect ultra-low fre-
quency tip-enhanced Raman scattering or TE-THzRS
from molecules in a liquid environment. Using this sys-
tem, we will study the formation of lipid bilayers at
physiological conditions by studying and correlating
the evolution of ultra-low frequency Raman, which is
indicative of both intermolecular and intramolecular
interactions, and topography data that will be simulta-
neously obtained using our nanospectroscopy system.
The focus during FY2020 was the construction and
testing of the system. So far, we have assembled both
the illumination and detection optical systems and have
installed the non-contact atomic force microscope
(AFM) head that will control the Au probe. During test-
ing we found some technical issues that need to be ad-
dressed, particularly: (1) alignment of laser beam for
sample illumination optics and (2) noise reduction in
the non-contact AFM head.

Simulations and analytical calculations are being
conducted that model and image electromagnetic fields
reflected by a parabolic mirror to study the spatial evo-
lution of this reflected field and determine the parame-
ters that affect the field distribution, such as, numerical
aperture of the parabolic mirror, refractive index of
medium, wavelength and angle incidence of the incom-
ing field. Knowledge of the electromagnetic field dis-
tribution is important for tip-laser alignment during the
actual experiments.

Finite-difference time-domain (FDTD) simulations

are also being made to know the optimal parameters for

Innovative Photon Manipulation Research Team

Laboratory Head: Takuo Tanaka

tip-laser alignment, namely, the tip tilt angle and illu-
mination angle (both with respect to the substrate nor-
mal) to generate a highly tip-enhanced electromagnetic
field. The current experimental setup uses a tip tilt an-
gle of 30 degrees and angle of incidence equal to 60
degrees. Although TERS can be observed in this con-
figuration, after optimization, it is expected that a
stronger TERS signal should be observed.

A 3-electrode electrochemical etching system has
been designed in order to fabricate the Au tips that will
probe the sample during the TERS experiments. All the
necessary parts have been gathered and the remaining
parts that are missing are the parts made of PTFE that
will be made in RIKEN’s machine shop.

@0Oral Presentations

Conferences

Balois, M.V., Hayazawa, N., Yasuda, S., Ikeda, K.,
Yang, B., Kazuma, E., Yokota, Y., Kim, Y., and
Tanaka, T.: “Imaging of Sub-nanometer Strain Varia-
tions in Monolayer Defect-Free Graphene using Tip-
Enhanced Raman Spectroscopy,” 538 1[0l 75
LERAANGRZ: JSAP-OSA Joint Symposia,
On-line, September 8 (2020).

Balois, M.V., Hayazawa, N., and Tanaka, T.: “Devel-
opment of near-field scanning optical microscope
systems for nanomaterial characterization,” 40
Philippine-American Academy of Science & Engi-
neering (PAASE) & 2020 Annual PAASE Meeting &
Symposium (40" APAMS) (On-line), July 31, (2020).
*Invited Talk
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FEIREER PR (C & V) BREAT B Rl IR B HA DR RERY 1R BN

A Non-invasive Brain Stimulation Approach for Revealing the Roles
of Neural Synchronization

LV DORRNIC IR JE AR R TR DMEAE U, H472 2 4
. AT E R s C EAISh T
%, AWZEOHMIZ, ORI thEaETE & Z 0
[ B SDS N DI EEREIC R LT E D & 5 %8 7%
RIZL T2 D0 7%z IEAZ BRI & 6z &1l
(EEG) ICX DT 52 L TH S,

LA LEDS, AR, aaFic X2 RBROUE
MR Lick o, FEEEImZEIET 20BN E U,
RHCHI & Bl ic iDL RERC NEZ2#1<
BN 3 2 RFHZER SR (TMS) 2 TV T2 9250
BHETHEDMRT Z2RENTTEIZDD,
MW N T & 72 o 7z Closed-loop TMS-EEG & &
b BN ONFHOIKER M) —& LTTMS &
HZ 23805, TMSOfiflzliZL. KbHiC
MERBEH TR Z S5 HBEEBL T L,
TMS Z W 72358 Tl 7z 38 IS i e ilies
Bz, Wiz 5 2 Th BIKICEES % £ TORFE
BNREZEZ ZRENEL Efililiz b5 2 %0
e T HBLTHEIRT B2 EMRETH 5, UL
BOS, M HCA5RE TR, e 52T
MHMICENET % F TICHZAEDH O . R DM
NMHHORFICHIEZ 525 EMTMS DA LD &
L Rb, TNZRT B0, AIEEIZTIC
KO EWVHEE R £ D Closed-loop FiEDBHF & Z 1
7 PO P2 i R S RS o B O TIIFZE 2 % T L
7zo

Closed-loop FiE D BH¥E Tld. WE4:JE TMS-EEG

WF ¢ & X %4 /NFE; 8.2 Takayuki Onojima
2 A W2 = R RL A o 2 —

PEWF-CBS k3 Rt 2 —
i V) A I HL AL = b
FisE  dthk £—)

FHICWEEE U 72 BE£ D Closed-loop THEIC V< > T
AWV R I NT % T & TRWVKEEETIH - 72 ikt
DORACHIHE 52 %2 AT LR LTz, TOTFE
DY T IVEA LTOFEZRGEES 2 72dic. ANTH
M7 Fa fEs e LTEMRL, EBEOD
Closed-loop EEG & & 3 VIRTL T T D izt 52
SR i U Tz,

F o, HEOWERH TREAED Closed-loop T2
MO THB Rz 5 2 2 I i gasa s 52 U, [
B R UTe, BIfE, HilFEZ WG G O
Closed-loop EEG F25 D {72 S2fifi L TW %,

AAE LI BRI %2 F W 7z Closed-loop EEG S25&
21T 9 Te O ORI R B Z R U Tz, SRAFEEIEA
RRINIC IR Z 2 5 TETH 5.

@:E LK Publications

Agsa Shakeel, Takayuki Onojima, Toshihisa Tanaka,
Keiichi Kitajo: “Real-time implementation of EEG
oscillatory phase-informed visual stimulation using a
least mean square-based AR model”, Journal of Per-
sonalized Medicine, 11(1), 38, 2021.

@ FX%—%K Poster Presentations

INEPS Bz, AUk - b v T b BRIk B
M N AH D 17, B SE e ST 2 552
b RO D O - it RIEE O RE, 4>
Z A VM, 2020/11/26
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V=2 UERAICETE 7770 EREFD

The Laplacian On Riemannian Manifolds And Some Error Estimates

MREX TS TSI 7 OEHHICHT BED
TCOHY —< Y ZEADOMIRICEY S 505t 217>
Tzo FELLERZ & VU w FHEO T S OFMA
HZ 5N —< VY 2RAD, R R0 E
ROEEL T T T2 T V OEHHIC T % H 2 INE
O N CEKI & FEBEZER OFES"-P x XANTTET « I
U A RV TR % B O B2 X OREE O 7z
1o 7o FHTHMFRIEDRIIE ORISR L X & %
DHE DA RCD &M EWHEN B 561 (R &R
TUCBIT 21 50 & IR 5 2 O Il B2 R g
B0 Zliled T R LT, T ORI,
RIEZ & D a8 FRZEM X x YD RCD(K, N)
S & T2 Uy XDSRCD(K, n) 525729 BA Y —
X UERRTHNE YHRCDK, N-n) & 7% 5 7=
TV RO TREZ RS T L TRbNT, LD
MR ZaoErIo7Lay 7 W EERBX T
RCDZERICE T BV exmy ¢ v « /NRFOEH
ZHDEZ LT, BIE T EMAEADEEL 5
TS5 7 OEEMITHRT Z0ED T TOERTF L
DRESTPxSPAD T OET « NI A RIVTELD
5Ntz FRCT DX S maBIWe 5 NFzBRIcid T
—H— e aA—=)VT ¢ T &K BV v FMR D%
M3 & cERinilE L ORS -7 x SPIZ 57 AR T
HBHLVSTHEREL ZENTES, TNHDRE
B XDOBIZE D ERZIT-> Iz (arX-
iv:2007.07491),

R, WFRAED—DTH - 2R #E GER
FEocHR) 1Sxhd 2 RIS ZTT 5 7o, ik
DB OY—AZI15 Tz, FHT R E O LR

WF 7% 4 IX % MY BT Masayuki Aino
2 A WEZE = ETHIREm Gt > 2 —

PRSI 28 2 L — 7
Rt F— L
(g KH E—)

&L THWA Z &V T & % Manifold denoising DF
1% iX 7z, Manifold denoising Tl —2>7 1 » K
ZER DD ZRAE LIS > T BT — 2 mh /A X
HETHOENTVRIRNEZEZ /A A2 L2
Higd D, BERi & b RIE G L N T+
DTN TVB LIEE AR, £ T T KM
NIZN S B OFEDO ML, & 2 WIFBEHNIEY
MDH 5 FEORRZHIET, ZHRIKEZHRBEXT
Manifold denoising DU < DD FIEIT K9 2 HIGK
ZE L, BN F—LNTOYRIF—THRER
17z,

@5 ERZE Publications

(B 0O

Aino M.: “Convergence to the Product of the Standard
Spheres and Eigenvalues of the Laplacian”, SIGMA
Symmetry Integrability Geom. Methods Appl, in

print*

@OEEH K Oral Presentations

MEFEAT : V=< VZRKICBTSE5 7527
EERHIOFEND T BET « NI A R)IVT R,
KRRl 2 F—, Zoom iiii, 6 H (2020)

Aino M., “Convergence to the product of spheres and
eigenvalues of the Laplacian”, AIP¥(*# %R+t I F
—, Cisco Webex Meetings, 7 H (2020)

W ELT : 57527 YOG & Rt DR~ D
JaET « NTRARVTIEL, LRk L0
JitER, Zoomii, 117 (2020)
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XX-002 BEIFET - IBRAANDR—EASDEE
- Fa—-FEREOQOY - OEMEMNLTE ORI
BRON=2 X727 bFREAV 2R LET—2BRADICRADIRE -
Construction of a unified perspective on geometry and data analysis

- Establishment of geometric foundation of magnitude homology, and investigation
of applications to data analysis via persistent homology-

Wk 7% 45 IX #4182 282 Yasuhiko Asao

Z A WE IR = BEHIREM At > 2 —
NS fge 70— 7
b Ra DAV T— R T F— L
(FrEE i #H)

XU ZFa—FREOY— (1) &T7—2fEHr (2) A HT LOWIFED Ji1017%2 fdn S % B 275l 4
DWFFEZ21T > Teo ZNZTNUT DV THERZ T %, ELTHABREDRNZBEDILEZEZ TV
(D) X7 =Fa—FRERI—E, fiH2EHOF A %o

F—RB X UKD Y — O Rz Ik
BLIZEDOTHO, bRaY— . F—XfEo
W OMENASEELEZ SN TVENZD
MEB X CFHRETEC OV TIRIE & A EEMRH
ThHb, AR TR TS TDI T =F 22— Rk
ERY—2ER L, YT =F a2 —RKRE
OY—ONWHE%Z TS5 7 ONE QBN BIHS D
IZUlize RO T ZFa—RKEOV—HDIFL
AEHWT DT LRI TICHSN TN, A
MRS K> TT I TONEANRENEZER T =
Fa—FRERY-—DHKTE L., BXUZ
DI RHIP 2 5l ICIRE ST 5 T W TE Tz, G
NS IABIE— ARG Z WO e, T ORGRIE
) =< VEZRARICE L THIS N Tl O
—EML< T =F 2a— RRERY—DHHDOM
RO EWRA DT EHNTE, B - koK
N K S HR0EM AN Z<Y / =F 2 —F
REQY—DPHHNTESZ EDHiTmrRg ek
Sl EZTVWS, FHRCORBRESTVELY
FJITOMEEMNWT, ¥ =Fa— KKty
—OEHNRERZITV, RER Y —DINKIC
M BRRARONE T L ABFRA L (D15
K. FRHSER (50K L OFEMIE), D

(2) WD X545 H % Vietoris-Rips #1472 T
119 FEZRE U ORAFERERG (BISK).
AARERRG GRK). Rl CZ L3ER)
& DIFEWIZY) . BARMICZ WG 5 B % HAH
NETST MRS 5 EZERL. 0
Vietoris-Rips # 1A 0 kA HiAA D {5 O 18 it 72 #i
KLUIHEzZiiRdT 5 285 LTz, TDE
FUTHD T, MREAZIRE T 5 2 & TEN
SRt Z TS 7V ALERE LTz, K
PRICZ U EZ < BVRTERTHEZED RV
WHHETH S T L ZlEh DTz, TOFHITEH
SHHIZRO T LVWE DT, NifHNT—%
et OFiLE LToBRERZNGLTRVF
- R TEREEA TS,

@3 LH# X Publications

U139

* Yasuhiko Asao, Kengo Izumihara: “Geometric ap-
proach to graph magnitude homology”, Homology,
Homotopy and Applications, Volume 23(2021)*.

* Yasuhiko Asao : “Magnitude homology of geodesic
metric spaces with an upper curvature bound”, Alge-

braic and Geometric Topology, in print *.
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Towards Intelligent System Software using

Deep Reinforcement Learning

Name: Marco Capuccini

Host Laboratory: RIKEN Center for Computational Science,

The predictability of memory access patterns using
Deep Learning predictors, such as Long Short Term
Memory (LSTM) networks or Gated Recurrent Units
(GRUs), have been previously studied by Hashemi et
al. and Srivastava et al. In both studies LSTMs are used
in classification settings - i.e. instead of predicting the
next memory access as a raw memory address, the del-
ta to the next memory access is predicted instead. Us-
ing the same approach that is used in Natural Language
Processing (NLP) and machine translation, a vocabu-
lary of detlas can be built and the application can be
treated as a classification problem. This however has
the disadvantage of reducing the prediction set cover-
age, edging the accuracy of the predictor - rare deltas
will always be misclassified. Further, in classification
settings, the LSTM output needs to be fed to an addi-
tional layer with an output node for each of the possible
classes, increasing the number of trainable parameters.
In addition, following the NLP approach, an embed-
ding of the input vocabulary needs to be learned, also
increasing the number of trainable parameters consid-
erably. Srivastava et al. address the former problem,
outputting the next delta using a binary encoding, how-
ever the burden of computing and carrying an embed-
ding remains - not to mention the loss in accuracy that
rare deltas are accountable for.

We have done some preliminary work with the aim

System Software Development Team

Laboratory Head: Yutaka Ishikawa

of showing that memory access patterns can be pre-
dicted in regression settings. The main reason why this
problem was previously modelled with classification is
that the sparsity of raw address space does not allow for
normalization of the data. To overcome this issue, we
propose to produce an ordinal encoding of the raw ad-
dress space, effectively eliminating sparsity, before the
normalization step. Using several benchmarks from the
PARSEC suite, we show that normalized data can be
effectively represented using double precision. Details
of this study can be found at:
https://github.com/mcapuccini/dl-prefetch/blob/
master/notebooks/stats.ipynb.

Srivastava, Ajitesh, et al. “Predicting memory ac-
cesses: the road to compact ML-driven prefetcher.”
Proceedings of the International Symposium on Mem-
ory Systems. 2019.

https://dl.acm.org/doi/pdf/10.1145/3357526.3357549

Hashemi, Milad, et al. “Learning memory access
patterns.” arXiv preprint arXiv:1803.02329 (2018).
https://arxiv.org/pdf/1803.02329.pdf

@Oral presentation in conferences

Marco Capuccini. How good is your prediction? A
gentle introduction to conformal prediction. Deep
Learning Italy Meetup. 2020 July 13. Online confer-

ence.
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Effective Assimilation of Lightning Observations
for Improving Numerical Weather Prediction

W% % X % AW E  Takumi Honda
2 AN W7 = FITRERA 2 —

EBIZ SR T — 2k d 2 FikzRR L.
BUHRR TMAESEST S e 2 HINE Lic, SO
W&, BNOTR T OFERZE MDA Z KL T»
LS NZD, BOFERHEREOETY Vv
7 OREEEITRK LT, iR AN OFH A
ATWVIR, ARIFFETIE. BRFTOBIER TIRET
IV S E IR Z TG U, BB ORN RN 7%
T — R [T T SN R A 2 15 5

PIER, ALY S 2 L—Y 3 VBRIV TEB
e KRRE e DMREE BICGRE Lz, 7YY
TIVTAROFER BAERK U Tz BB & A < I 248K
EOMMFREEHET 2 2 & T, ZOBIIZIEIC
FUE L 7B ED K S IR BN B 2 25 T &
MUK S, ZOME, FbfEn S OEBING. B
Wi < BUE R TFHICHIO B ITW B RV TR
B & HXT, ZONEEEICB L TX D2 O
WEROT NSRS, TOT T, B
WEF—2FEAT S & T, BRIz REH
KB 2R L TW05, EEE. BN EHBZ
—JERFTF=2EE LIz T A, WL RELED
B R T HICSED A SNz, Th S ORI,
FENOEFE A TH B, S5k, KO BFITLN
BIESR KNI DOV T & [FARkDOE & 7— X2 [k
FEREITO, BRI O T — 2 LD E RS,

B2 &S HEMICEHU T, SENOFE - #EHF
AHZALOFBEEITo 7o BT THEREL
TerlBki A st Enl & LT, FR304ETHESR &
DR2ETHERICEH Lz, WdHplicOWTT v
YU T2, TREEDN SO A I N— L
WA YN—L DA 5. HADRHE EOXHRY A
T LG B KRS URA D SR O R - HERfICHE
BWTHBT NS> Tz, Fha. E5NRS:
HICH LT, D7 2—AR7 LAARL—&—
Bz 7V EA LT —2EE L, EETHE S
FALATREZR O AT LOMFZIToTee TRH DR

7 — RAUEWE T — L
(EE = 2F)

D—FRIFREARRENZIHAATH O . RFELDIC
B U T & ZARREN DR Z e i L TV 5,

@5 ERZE Publications
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Taylor, J., A. Amemiya, T. Honda, Y. Maejima and T.
Miyoshi: Predictability of the July 2020 Heavy Rain-
fall with the SCALE-LETKF, SOLA, doi:10.2151/
s0la.2021-008, in press. *

Honda, T., Y. Sato and T. Miyoshi: Potential Impacts
of Lightning Flash Observations on Numerical
Weather Prediction with Explicit Lightning Process-
es, J. Geophys. Res., submitted. *

@MO5EHH X Oral presentations

ARHIE, ek, =5FaE  “HEBo 7 — 2 [H
fem 72 ERN A, HARKREREFTK
2. Bk, 20204E5H

ARMIE. W= #i. K5 K. Guo-Yuan Lien,
James Taylor, HiEHDE. VaEHL, (LRI, R
AR, BTG RS ), NS,
SRR, SHFEIE © “SCALE-LETKF 12 & %
30 BT 30 0 POV TV Z A LEET, HA
SRR 2020 ETRE. 2020410 A
AT, e, =irdE  “fbftic k5%
BT — 2 FEEDBMS AT LY I aLb—va v
FR”, HARGG A2 2020 4E TR 22, 20204
10

@ FK X% —%&K Poster Presentations

Honda, T., Y. Sato and T. Miyoshi: “Exploring the po-
tential of assimilating lightning flash observations
with an ensemble Kalman filter”, JpGU-AGU Joint
Meeting 2020, July 2020
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EFNFENZHRROBFREIN

Mathematical Analysis of Quantum Many Body Systems

HNEDARRB 2B ANTESE L., BERE
AEHZEDI B e AMNE LTWD, —RIC A
ISR 2135 T EDMHRTE T, TALDDIE
BZ179 . AWZETIE. PIREL A THEHE NS E
TIVOILEIRREZ FHX, Z DOHY)PED ISR AT D
WTEHAOBIRM SR ZH S e 2] LTV
%, &I, BT - B TOBNEMNELNILVTKR
TRRICOVTIE, EBXMWTHERE T2 FTH
NERT A - 7o)V - EFIVHIEMRELICE S
TEMHIGNTED., FEmMICE Emmics by
ATV - BEFIVE DN ERIC KRS T &N
2, MEICRZDE. S TFP5FYA - T2l
SPEEEMENS PR A - T oL IORFEREED
NUTEFIBNE S IRDHES DI ZEHZ T L TH
%, FNUTEKHST, b A« 7))V - EFILHE
IRTEZHEREF - 7RI THEL, AllAA Y
fEL7zET IV, DEODETEDEGTOBLOEZL
LA O BEEN RN TE 5 T e 2R TE 5,
F A« T2V - BTNV E DD FIEIZTESE
JELTHBBOZLLDETFIVTHMET LARINTY
0. TNHDZ B TFETIVOLH DA iEHT L
THED, N TOLENOIREEE L EZ 5N,

ARG, HEITVINBEEOE G LA N S €TV
DH>B, N—hV—+ Tty 7 -EF)VEa—2 -
¥ % LOJRFTERSGLIC OWTER 21> 12,

(D N—=FV—+TH w7« ETIVOFE 7 HIH

ZIHLU MK N— RN — T+ v T - T
JNZDWT, BLERIKEEDAE T U 8D

2% H I % 1%k & A Yukimi Goto
Z AW B BAGE TS S L

(Fis& #IH #5)

B rBUCEB ZMA Tz ohs T L%
RUTee Fie, B THIEERENE FEICE R
TEICEXSTERT I MAbNE T &
Uiz,

Q) a— « ¥ ¥ LOJRFEHELRET VIE Fid
DETIVD—RALIZH, T O FHEHIC DOV
TRz, LLIE, TOEFIVICBNTRIV
Yo Ay RUNA = o J1—T h R
DOUWBOLEUTFORETHASNS T LR
L7z,

TRl RIEHZEERTINSDETIVA Y

A o 7 o)V INIEREENEE DT L EBEASRT
TEiKE->TWVa,

@i L% Publications
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Goto Y.: “The Maximal Excess Charge in Reduced
Hartree-Fock Molecule”, Reviews in Mathematical

Physics, in print.*

@O5E¥ %X Oral Presentations

(ER)

Goto Y.: “How Many Electrons Can Atoms Bind?”,
iTHEMS Math Seminar, Riken, May (2020)

Goto Y.: “The Maximal Excess Charge in Reduced
Hartree-Fock Molecule” Rigorous Statistical Me-
chanics and Related Topics II, RIMS, Nov. (2020)
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T ELITHNOERY A X275 =) JAORARY

EXHEI 70Ty JREANDIGH

Analysis of Finite Size Scaling Property of Random Matrix and its Application
to High Dimensional Dependence Graph Edge Filtering Certification

TV RELTHIOARY A XA —V >V FH &1,
RO T AR N EISNA T A4 AR ET DU
IO EZEZTE, ZTHhHHMMT 2 HHNA
BiMENHHBIRTH S, TOBIGIIFEAL DT
W%, MEHELOD R Y £ TS K B /AMEAR R IT
T VAT =2 SRR T 5 7 e
¥ a7 b (Xuetal. PRE2018) THUHE
WCHR Uz, TUITHIERO S RICHIRR <. —
RIS D NI DBIRTH B T L RMRE LTz, 2D
MEMEIZSETHSNTERL ., BROT V& LT
HIBEER T DT EE DRI 2 B R oE D
AT, RF—RAKIDH LR T VRERELNEZE S
Z %o FCEIOTOMEICIRI I HIETE %,

AT, ORI OV THENTINCHERT
CEZHIRT, THIC. HATHIFHCH | i x| T ORS
ARG O T HNAED, ERoTT—2h 5
EORHBE 7S 7#EE Lictk, HRMBEY S 70Ty
VA — =27 B KD DRSS
#ET BT EHIEL TV S, RIETHENY I 2
L— g VRS LS B[ 7 O P T 0 F i
KE->T, ¥2al—varixlL7T, FEBRVE
BRETENRTEALOCEDHAHNH S, M
ZUCBLTE., FEMEDSHICELTE, ZhbHZ
OO T, WAICHIRTE2MATH S, FTHEE
W EEERARAT & ERVEANDISH T ISR B - Tz,
(D) R RN T =253y FT—
I BT BT = A HEERIIC IR N T X
7z (publication 1), 3 b7 — 27 DD E I 5eEE
IAEHTEZD, FEMBICNNA T ANSH BT e
RENTz, TORPIERMEYZ 70Ty IE
WKISHTE ., AWIFEERED R 72 )R Tz,

Q) BERMEZZ 70Xy VBEDOH itz 7 7T a—
F L UT. ARehERIEH RIS L TRy BT
— I MAIN— ARG, Ed7% T1EPLVAR 2 2 %

WEoE & K455 £~ 1> Yingying Xu
2 A W2 = IR G > 2 —

TR AR S 7 L — 7
BERErF— L
(s B 56k)

L7 (publication 2), ERMIC, HELREICHED W
A7 %FTRTDFRY bT—7 Ty IITH UG
L. ZOTy VOHREHES 2 /1ETH 5. IR
ByIal—varvy—xeRr—4% (ME5S
EEGT—2%&) WMiFIZDOWTHEELTz, T—ZIc &
S THERD LI ZRI L7 7)v 3 L&D
10f51Z EEdIcm D, K0 AN—AGRMES
N, PRI U CHRELN)IVIRIST =< 2V AW
HmontTns,

@5 ERZE Publications
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1. Abbara A., Kabashima Y., Obuchi T. and Xu Y.:
“Learning performance in inverse Ising problems
with sparse teacher couplings”, Journal of Statistical
Mechanics: Theory and Experiment, 073402(2020)*

2. Suotsalo K., XuY., Corander J. and Pensar J.: “High-
dimensional structure learning of sparse vector au-
toregressive models using fractional marginal pseu-
do-likelihood”, Statistics and Computing (Springer)
(2020)* submitted

@K Oral Presentations

Alia Abbara, HESs €E/T, /INH B2, §F A A4 25
ATV TRBO LT FEIC K B EREMET © B
ORGEDBRREE”, 55 23 IR e 7 3 B
— 27 v aw 7 (BIS2020), A>T A, 11H
(2020)

@ KX %—5ZK Poster Presentations

Xu Yingying: “Finite size scaling property of random
matrix and application to ultra-high-dimensional
graph learning”, The 23rd Interdisciplinary Ex-
change Evening(RIKEN), online, Feb.(2021)
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T—IEICEH T B Floer EBimND—iRL & BE1L

A Generalization and Refinement of Floer Theory in Gauge Theory

AR ICZ FRAKIT KT F B Yang-Mills 7 — & Bl i,
Seiberg-Witten BEGmIC B9 B W75 217> T %, FF
WSS AEELX, Seiberg-Witten FIGHIC BE S % WiSE % &
117> 7z, Seiberg-Witten PG Tld, 1% & x5/
DEY 2 TAZEMCH BFOMmN > 87 MEDD
Y. Yang-Mills 7 — VHGR & O 0T WEENZ
Vo ZOPWNRT TICEHH L, Seiberg-Witten F i
DFEDGEEND—b. cone JRDEGD DWW F=IEa
28T N ARTEERRAE LT D Seiberg-Witten B D
JEJEZ R L U,

AL, KD I DD EITo T !

< AWFZEE. BRHEWGAERE OHFEINISE TH B,
Heegaard Floer Blli*® Monopole Floer Bz FHU T
E 7 T N % contact A~ 25 & D homotopy afi #Y 7%
refiment 172 % & D2 MR U7, HERIZ. conelR
Dy & B2 RO AR RARIATBE S 8 T n
7z Seiberg-Witten G4 2 A IR Eld 5 C & Tfr
bhsd, TORE. HE)X Nz Seiberg-Witten J7FEK
DFEROAINT MEDREL RO  ThZmRLT,
o & LT < DD contact topology I B9 % &k
RZz2/RUTz, (https://arxiv.org/abs/2010.02132)

< AWPgEE. SWAHRE ORI TH %, BiFt
DEADGTE AR D BTN} U Seiberg- Witten BilFfi 2
JERA U, [FFHREE MO MR O 22 2 R W U e, B
RO X AT RIADIEN G- Z NI, T hich)
i U CE & % Seiberg-Witten GARD ik 7% 4 R KL
P2, EVIDELETFETH S, HRIGEEIL
TeR5IC, A% singular cohomology. [F%E Thom [A]
1% 5% U, Euler class @ divisibility ™3 5N % C
B L. B % Froyshov D AEFEXZR LU Tz,
COIHE LT, JFHICZ S DEIRDE 4 Rc 2 bk
RIS LTy [RAHEE & 3000 AR RE D 72 52 W] 5 A
IZ9 % &MWTE %, (https://arxiv.org/abs/2010.
00340)

< AWEgEE. 2R, Anubhav Mukherjee G &
OHFEWIIETH %, BRHEGERD R Lz, B
OV 27 Mgz D 4 R0 A DA ZE RIS
% adjunction FE:XZ /R L7z, T D adjunction 5

WF 7% & X % 10 [IEf  Masaki Taniguchi
Z AW = BURALE T ST L

(Fis& #IH #5)

1\ & Legendrian Fifi Ol 2 A GHE S T LIC K
2T, MUHDAT A AT B/ 213, &
5 IZ. weak symplectic filling »* 5. closed
symplecitc 4-manifold ~\ @ codimension-0-
embedding ICBI 9 B IFAEICBIT G R E 137, X
oo GABNIITOCBRIKITH LT, woTnZz
BRICFOZF I F v T 4TI EADRT D5 %
M EWVSWIRICBISHIND B T LR Uic, AR
RO ONTIE, EHPET vy Ta—R95 T
ETHB,

@i L% Publications

€139

* Positive scalar curvature and 10/8-type inequalities
on 4-manifolds with periodic ends, joint work with
Hokuto Konno, Invent. math. 222, 833-880 (2020).

* Rational homology 3-spheres and simply connected
definite bounding, joint work with Kouki Sato, Alge-
braic & Geometric Topology 20-2, 865-882 (2020).

@O5E¥ %X Oral Presentations
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1. Instanton Floer theory and local equivalence I, Han-
dle seminar 2020, 15 in April, 2020, virtual seminar,

2. Instanton Floer theory and local equivalence 11, Han-
dle seminar 2020, 21. May, 2020, virtual seminar,

3. Knotted 2-spheres in the 4-space and Yang-Mills
gauge theory, 27. May, 2020, RIKEN, math seminar,

4. Instanton Floer theory and local equivalence III,
Handle seminar 2020, 11. Jun, 2020, virtual seminar,

5. Instanton Floer theory and local equivalence IV,
Handle seminar 2020, 19. Jun, 2020, virtual seminar,

6. Instanton Floer theory and local equivalence V, Han-
dle seminar 2020, 9 July, 2020, virtual seminar,

7. Instanton Floer theory and local equivalence VI,
Handle seminar 2020, 6 Aug., 2020, virtual seminar,

8. Instanton Floer theory and local equivalence VII,
Handle seminar 2020, 20 Aug., 2020, virtual semi-
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9. Yang-Mills gauge theory and knotted 2-sphere in the
4-space, Differential topology 2020 (on zoom), 2-3.
Sep.,

10. Gauge theory and knotted 2-spheres in the 4-space,
Expanded KOOK seminar, zoom, 9. Sep. (on zoom),

I1. Codimension-1 embedding of 3-manifolds and
Yang-Mills gauge theory, The Mathematical Society
of Japan, 22-25 Sep. (Silde only),

12. Filtered instanton Floer homology and the homol-
ogy cobordism group. Stanford Topology seminar,
13. Oct., 2020,

13. Knotted 2-spheres in the 4-space and Yang-Mills
gauge theory, International Workshop on 4-Manifold
Theory and Gauge Theory, 4, 5 Nov. 2020,

14. Filtered instanton Floer homology and the 3-di-

XX-008

mensional homology cobordism group, Regensburg
low-dimensional geometry and topology seminar, 10
Nov. 2020,

15. Local equivalence in instanton Floer theory, GE-
OMETRY & TOPOLOGY WORKSHOP TURKEY,
27 Nov., 2020, (Conference)

16. Filtered instanton Floer homology and the homol-
ogy cobordism group, Floer homology in low dimen-
sional topology, Simons Center, 11-15 Jan., 2021,
(Conference)

17. Gauge theory on 4-manifolds with periodic ends I,
Gauge theory virtual, 21 Jan., 2021,

18. Knotted 2-spheres in the 4-space and Yang-Mills
gauge theory, The 16th East Asian Conference on
Geometric Topology, 25 - 28. January, 2021

Origin of Multiplicity in Low-Mass Star Formation

Name: Nadia Mariel Murillo Mejias
Host Laboratory: RIKEN Center for Pioneering Research,

The current research project focuses on finding the
factors that influence or hinder the formation of multi-
ple protostellar systems. To address the question, an
observational survey of 36 protostellar sources in Per-
seus (hereafter referred to as the “Perseus sample”) is
carried out using several telescopes: APEX, ALMA
ACA, and Nobeyama 45m. The sample includes both
multiple and single protostellar systems at different
evolutionary stages located within the same star form-
ing region. The survey involves observations of mo-
lecular line emission between 88 and 360 GHz tracing
scales from 1000 to 4000 AU (where 1 AU equals the
distance between the Earth and Sun), corresponding to
the envelope of the protostellar system. The obtained
data is used to derive physical parameters, such as gas
temperature, density, and kinematics. In addition, the
molecular species detected toward each protostellar
system provides information on the chemical composi-
tion of the envelope. Archival data provides constraints

on the envelope mass, and bolometric luminosity.

Star and Planet Formation Laboratory

Laboratory Head: Nami Sakai

Comparing the derived parameter with the multiplicity
(number of protostellar components in a system) of
each system provides insight into what parameters may
influence or hinder its formation. The Perseus sample
size allows for statistically significant results to be
drawn by studying the trends observed for each mea-
sured and derived physical parameter.

While work on this research project is still ongoing,
including the Nobeyama 45m observations, initial re-
sults can already be obtained. Analysis of bolometric
luminosity and mass versus derived gas temperature
suggest that temperature does not play a significant role
in the formation of multiple protostellar systems. In
contrast, mass and density show a correlation to multi-
plicity. Possible bias in the data are being addressed
through several methods. The relatively large sample
size, including systems with different degrees of multi-
plicity, evolutionary stages, and immediate environ-
ment (clustered vs. non-clustered), already help to re-

duce sample selection bias. Trends in the data are fit
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with methods which can handle upper and lower limit
data (censored data). Finally, several independent gas
temperature and density probes are employed and com-
pared for each system and among the whole Perseus
sample.

Detailed study of another multiple protostellar sys-
tem, IRAS16293, is in the final stages of writing the
manuscript for submission. IRAS16293 is not included
in the above described sample and located in a different
region. The results of this study show a cold gas accre-
tion flow, delivering material from the envelope (scales
>1000 AU) onto one of the protostars (scales
<<100 AU). These results suggest that multiple proto-
stellar systems have uneven distribution of material

among the components. This finding points to mass

XX-009

dsitribution being a determining factor in the formation
of multiple protostellar systems. Ongoing Nobeyama
45m observations will probe the presence of cold gas
material distribution and accretion flows in the Perseus

sample.

@0Oral Presentation

Webinar

Murillo, N. M.: “Feeding a multiple system: cold gas
accretion flow onto IRAS16293 A”, Star and Planet
Formation Seminar, ESO, December 8, 2020

Murillo, N. M.: “Measuring the temperature of L1527
with Formaldehyde”, FAUST All-Team meeting,
December 9, 2020
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Systematic Nuclear Spectroscopy of Neutron-rich Nuclei to Clarify the
Astrophysical Environment of Heavy Element Synthesis

7t % 33 R E AT R S B (KEK Isotope
Separation System: KISS) 72 HW\ 7z H 1l Bl 0
MGG (HFS) W& I TR fiigis L—y
—AF PR TH B, A VR, HOSE
W7z e - P e B EAE T VI A AR,
R AR DY — 3 T H AL c s [Z T 7
BDOHAY v M HENT2F7/9V ) XV, AF
IR DI HEEEICENE T B e O—HD A F
A4 RTHRENTWS, HAY =y FOEfrAm e
SATITHRGSS U 72 L— Y — RN BN 72 i)
BEL, —AHOL—Y—TA 42175 T L T,
Jilke L—H — DRI T 51 A Y IROZ LA S
AN E DM 2132 LM TE S, A, A
AVIVNITEA LT 45 A2 ks OEHUNMEAD 15
5N 5 HBOLENNAZEH LT, Aty F 7w
T OMRERRZ 1T > Too AKX 1D 194pt A
F 2 CHad L7253 D0 fiRiEld 0.8 GHz (FWHM)
T. INETOVIOIMAB T EHNTER, TH
X0 WL DOy TR TG E I E

Whoe & K4 A &8 Momo Mukai
Z AN W% 2 AR R A R v 2 —

BT EIEE

(FidE ¥ 75k

MO TFRDOEIBICET 2 BXPUEME— A > M 2
HTE, PPN = 126110 T2 )R T ARAIE
ROEBEBICOWT OGN REL o T ST,
VoA Vil TCIEREZ MR L, PRI, Os DIk
TN AT L —Y— A A M Z2TT D,
A F VPFBFEDIZ M KISS DR iR Z G L
—LTA Y ORBEZITV, 2 HE R TR
NI A MRTOF O Fific poy I EREZRIETE S
X2k oTs TNUCEKD., BREFBITRIGCTHERK
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T&Tzo 187Ta DR N U HEZL 5 IRAE O P ) O
BREREAND T 5.2 R TH %,
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Review Cab CHE LT,
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Mukai M., Hirayama Y., Watanabe Y. X., Schiffmann
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S., Ekman J., Godefroid M., Schury P., Kakiguchi
Y., Oyaizu M., Wada M., Jeong S. C., Moon J. Y.,
Park J. H., Ishiyama H., Kimura S., Ueno H., Ahmed
M., Ozawa A., Watanabe H., Kanaya S. and Mi-
yatake H.: “In-gas-cell laser resonance ionization
spectroscopy of 6197.198[” " Phys. Rev. C 102,
054307 (2020)*
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Mukai M.: “In-gas-jet laser spectroscopy of 199202Pt,
1951981 and 193-1980s”, SSRI-PNS Collaboration
Meeting 2020, on Zoom, Sep.(2020)
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Studies in Complete Picture of Accretion onto Black Holes through
Multi-Wavelength Observations, Numerical Simulations, and Modern Statistics
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[AFFBIIIDA R LTz, BRSO 51X
KLHREINTE ST, YEIEENRIHOEEZ
B HHET 5,

SAEREIX, 7T 7 R—)VEPAOME & K < Ui
ML 2R U, B T H 5 R E Otz
HUMC T o e 9. IBHE EG Cne DZEFEMHT
ICDWT, XHD BRI E TORIBHBII T — %
RN UTeo Z ORE. VIBREIRD A TH 5 1
BT DOWT, Z O PRI 5 e
NHdT L. HHYCATIC MRETIC KEROEED
BHEIN, TOHBEDHEDLOFNEZDGE T L
ZaRM LT, 2. fEEN SR E NS H
RN 2N % mass-transfer-burst model
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Kimura, M., Isogai, K., Kato, T., Nogami, D., the VS-
NET team and the OISTER team: “Multi-wavelength
photometry during the 2018 superoutburst of the WZ
Sge-type dwarf nova EG Cancri”, Publ. Astron. Soc.
Jpn., 73,1 (2021)*

Kimura, M., Osaki, Y. and Kato, T.: “KIC 9406652: A
laboratory of the tilted disk in cata- clysmic variable
stars”, Publ. Astron. Soc. Jpn., 72, 94 (2020)*

th RS 31
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(HATA)

Kimura, M.: “Observational and Theoretical Studies on
Dwarf-nova Outbursts”, Springer, (2020) (Springer
Theses Recognizing Outstanding Ph.D. Research)
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New Approach to Non-perturbative Quantum Field Theory Inspired
by Gradient Flow
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@ik L% Publications S Hh{E “Gradient Flow and Its Applications”, Pi{t

(SO AgET R X A, BMESAEET, 5 (2020
Y. Hamada, K. Kikuchi, “Obtaining the sphaleron field i)

K, AHEE, RN ST b7
O— LB O ARERE”, HARYIPE2A22 2020 47k
FBRE, AVIA4Y, 9H (20204F)

configurations with gradient flow”, Phys. Rev. D,
101 no.9 (2020) 096014*
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Studies of Particle Acceleration and High-energy Emissions in Lightning
with On-ground and Spacecraft Observations
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Wada Y., Enoto. T, Nakazawa K., Yuasa T., Furuta Y.,
Odaka H., Makishima K., and Tsuchiya H., “Photo-
nuclear Reactions in Lightning: 2. Comparison Be-
tween Observation and Simulation Model”, Journal
of Geophysical Research: Atmospheres, 125,
€2020JD033194(2020)*

Wada Y., Enoto. T, Nakazawa K., Odaka H., Furuta Y.,

and Tsuchiya H., “Photonuclear Reactions in Light-
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ning: 1. Verification and Modeling of Reaction and
Propagation Processes” Journal of Geophysical Re-
search: Atmospheres, 125, €2020JD033193(2020)*

Yuasa T., Wada Y., Enoto T., Furuta Y., Tsuchiya H.,
Hisadomi S., Tsuji Y., Okuda K., Matsumoto T., Na-
kazawa K., Makishima K., Miyake S., and Ikkatai
Y., “Thundercloud Project: Exploring high-energy
phenomena in thundercloud and lightning”, Progress
of Theoretical and Experimental Physics, 2020(10),
103H01(2020)*

Wada Y., Nakazawa K., Enoto T., Furuta Y., Makishi-
ma K., and Tsuchiya H., “Photoneutron Detection in
Lightning by Gadolinium Orthosilicate Scintilla-
tors”, Physical Review D, 101, 102007(2020)*
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Wada Y., Enoto T., Kubo M., Nakazawa K., Yuasa T.,
Yonetoku D., Sawano T., Ushio T., Shinoda T., Sato
Y., Diniz G. S., and Tsuchiya H., “Radar diagnosis of
winter thunderclouds in Japan originating gamma-
ray glows”, American Geophysical Union Fall Meet-
ing 2020, online, Dec.(2020)

Wada. Y, Enoto T., Morimoto T., Nakamura Y., Sato
M., Ushio T., Nakazawa K., Yuasa T., Yonetoku D.,
Sawano T., Kamogawa M., Sakai H., Furuta Y.,
Makishima K., and Tsuchiya H., “Downward Terres-
trial Gamma-ray Flashes Coincident with Energetic
In-cloud Pulses” JpGU-AGU Joint Meeting 2020
Virtual, online, July(2020)

MeV i > 7 iR FHEWIEF O

Pinoneering MeV gamma-ray astrophysics
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H. Yoneda, K. Makishima, T. Enoto, D. Khangulyan,
T. Matsumoto, and T. Takahashi: “Sign of Hard-X-
Ray Pulsation from the y-Ray Binary System LS
50397, Phys. Rev. Lett., 125, 111103 (2020)*
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RT3 Z—HBEOAREN”, HARYIBEA 22020 4
RFRE, A2 T4 2, 20204E9 H
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REROATRENE : WX IV A DJKAE & 5RV MeV
HYBRBE”, &T oVF—FH YRR
2020, HECRFHIFMIE, 20204712 1]
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Hiroki Yoneda: “Mystery of the strong MeV gamma-
ray emission from gamma-ray binary systems - mag-
netic reconnection close to magnetars in binaries? -,
HOHAY 3, BT, 20204E6

KRHEESE : “H7 2 <l 2 LS 5039 O MeV A v~
M L. <7 % 2 —HEROWHENE”, Pulsar
Bi-Monthly Meeting, > 5 1 >/, 2020412 A

Hiroki Yoneda: “The mystery of the MeV gamma-ray
emission from gamma-ray binary systems”, ICRR
Seminars, 427 1 >/, 2020412 H
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Investigation of planet formation process through the simulations
of chemical and physical evolution of protoplanetary disks and observations
of chemical composition of exoplanet atmospheres
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Exotic emergent quantum phases in topological superlattices

Name: Ilya Belopolski
Host Laboratory: RIKEN Center for Emergent Matter Science,

The interplay of symmetry, topology, magnetism
and correlations is at the frontier of physics. A growing
zoo of quantum materials exhibits this interplay, in-
cluding TaAs (the first Weyl semimetal), RhSi (topo-
logical chiral crystal) and Co,MnGa (ferromagnetic
Weyl loop semimetal) [1-3]. Despite the wealth of such
exotic topological semimetals, the field has been held
back by a lack of tunable, thin film Weyl and Dirac
platforms. For topological insulators, the workhorse
(Bi1,Sb),Te; platform has allowed exploration of the
quantum anomalous Hall effect, axion insulator states
and other phases [4]. It has been theoretically proposed
that an alternating stack of topological and trivial insu-
lators could give rise to an emergent Weyl semimetal
[5]. Moreover, recent work suggests the realization of
an emergent Dirac semimetal at the critical point of a
topological multilayer, pointing the way to a tunable,
thin film topological semimetal platform [6]. However,
the variety of exotic engineered quantum phases in to-
pological multilayers remains largely unexplored.

In the present work, I theoretically consider the
emergence of particle-hole symmetry in topological
multilayers. This symmetry arises by construction in
superconductors, where the Bogoliubov de Gennes for-

malism redundantly includes electron and hole copies

Strong Correlation Quantum Transport Research Team

Laboratory Head: Yoshinori Tokura

of the quasiparticle band structure. However, no such
construction is relevant for normal electron systems, so
particle-hole symmetry is generally absent. At the same
time, it is known that the topological classification is
enriched with particle-hole symmetry, suggesting that
new phases may be discovered if particle-hole symme-
try could be engineered into a topological electronic
structure. It is known that this symmetry arises natu-
rally, without superconductivity, in a bipartite lattice
with only nearest-neighbor hopping. In real crystals,
hybridization between atomic orbitals on further neigh-
bors is non-negligeable and this approximation is typi-
cally inadequate. However, in a topological multilayer,
the thickness and chemical composition of the layers
may be engineered to enhance nearest-neighbor hop-
ping, while suppressing second- and further-neighbor
hopping, producing an approximate particle-hole sym-
metry in an emergent superlattice electronic structure.
By systematically classifying topological multilayers
under particle-hole symmetry, I tabulate the enriched
topological insulating and semimetal phases accessible
in this multilayer scheme. I further consider experi-
mental signatures unique to these particle-hole sym-
metric classes, as well as exotic transport and optics

phenomena which may result. This work opens the way
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to the study of a rich class of particle-hole symmetric
topological quantum states in a highly tunable, thin

film topological semimetal.
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Three-Dimensional Topological Spin Textures in Chiral Magnets
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Topological spin textures (TSTs) have been exten-
sively studied in chiral magnets over the past decade. A
celebrated example is the magnetic skyrmion, a two-
dimensional TST that possesses exotic topological
properties and great potentials for spintronic devices.
While TSTs in one-dimension and two-dimension have
been widely explored, their three-dimensional (3D)
counterparts have rarely been discussed. Recently, as
the development of theoretical and experimental tech-
niques, there is a growing interest in studying 3D TSTs
with a focus on their rich topological properties. Chiral
magnet hosts various TSTs with 3D modulations, thus
it can serve as a versatile platform for pursuing 3D
TSTs.

In this year, I studied two types of 3D topological
spin textures (TSTs) in chiral magnets: the chiral bob-
ber and the skyrmionic vortex. Chiral bobber is a 3D
TST constituted of a skyrmion string terminated by a
singularity (Bloch point). Although single chiral bob-
ber has been experimentally observed before, how to
create chiral bobber lattice on demand is still a prob-
lem. By employing micromagnetic simulations and
theoretical analysis, we predicted the possibility of in-
troducing chiral bobber by the hybridization of chiral

magnet and magnetic multilayer that hosted skyrmions
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with comparable size. Here, the stabilization of chiral
bobber can be mainly attributed to the magnetic dipole-
dipole interaction. In collaboration with experimental-
ists, we successfully identified the formation of a chiral
bobber lattice in a chiral magnet-multilayer hetero-
structure. Our result can pave a path towards the con-
struction of a skyrmion-bobber hybrid memory.

Skyrmionic vortex is a 3D TST that carries a frac-
tional skyrmion charge but integer winding number. In
collaboration with experimentalists, we observed the
skyrmionic vortex in FeGe tetrahedron nanoparticles.
The skyrmionic vortex is stabilized by the chiral frus-
tration, i.e., the competition between the chiral mag-
netic interaction and the geometrical confinement.
Hence, the skyrmionic vortex is only stabled in
nanoparticles with proper sizes (close to the helical pe-
riod). This study sheds light on the realization of 3D
TSTs in confined geometry.
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Topological Approaches to Many-Body Condensed Matter Systems

Name: Chang-Tse Hsieh
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This research aims to explore low-energy properties
of quantum many-body systems by modern nonpertur-
bative approaches from topological aspects, based on
topological quantum field theory, quantum anomaly,
and boundary conformal field theory. Such approaches
enable us to gain some fundamental insights and uni-
versal understandings about certain low-energy behav-
iors, e.g., critical phenomena and ground-state degen-
eracies, of given systems directly and systematically
from the underlying symmetry information. A classic
example is the Lieb-Schultz-Mattis theorem which dic-
tates the properties of the ground state(s) and the spec-
tral gap of a one-dimensional translationally invariant
system (an electron lattice or an antiferromagnetic spin
chain) by counting the number of the relevant micro-
scopic degrees of freedom (filling of electrons or spin
of magnetic dipoles) per unit cell of the system. One
goal of the present study is to investigate low-energy
constraints that extend the Lieb-Schultz-Mattis theo-
rem and are verifiable through comparison with direct
numerical analysis, further offering experimentally

testable predictions. Concrete research projects include
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studies on the phase diagrams and quantum criticalities
of some strongly correlated/coupled spin systems, such
as SU(N) lattice antiferromagnets, and electron sys-
tems, such as Hubbard models and more complicated
multi-leg ladders. Results of this research should pro-
vide a guiding principle for surveying general many-
body systems and motivate further studies on more

dynamical properties of those systems along this line.
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Development of Key Technologies for Fault-tolerant Quantum Computing
Using Electron Spins in Silicon Quantum Dots
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Phase Transition and Phase Separation in Multi-Scale Biological Systems
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Measurement Informatics for Predicting Physical Properties of
Polymers Considering the Higher-Order Structures
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Surface-induced Chirality in Organic Semiconductor

Thin Films and Its Application to Spin Filter

Name: Chao Wang

Host Laboratory: RIKEN Center for Emergent Matter Science,

Chiral materials are very important in stereospecific
chemistry, nonlinear optics and spintronics. Chiral in-
duction, where an achiral species acquires structural
chirality by interacting with a chiral species, offers a
way to create chiral materials. Chiral induction has
been widely reported in self-assembled structures in
solution, crystallization from solution, and liquid crys-
tals. However, chiral induction during crystallization
has not been reported for organic semiconductor thin
films, which are relevant to device applications. In this
research, I adopt a completely new strategy to induce
structural chirality in achiral organic semiconductors in
thin films. Enantiomeric fullerene derivatives (S)-pSi
and (R)-pSi, which have oligo(dimethylsiloxane) as a
low-surface-energy moiety, were synthesized and used
as surface segregated monolayers (SSMs) in spin-coat-
ed films of several achiral fullerene derivatives. Upon
thermal annealing, the presence of the chiral SSMs led
to the crystallization of the fullerenes in the films as an

SSM-induced crystal phase. The crystallized films
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showed circular dichroism (CD) ascribed to the fuller-
ene absorption, the sign of which depended on the
handedness of the SSM molecules. These results indi-
cate that the achiral fullerene derivatives in the films
were induced by the SSMs to crystallize into enantio-
morphic crystals. This is the first report of the surface-
induced chirality of organic semiconductors in films
during crystallization. This study provides a strategy to
prepare chiral crystalline organic films and offers a bet-
ter understanding of chiral induction. Moreover, the
resulting thin-film chiral materials may have interest-
ing applications in nonlinear optics and spintronic de-

vices.
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Automated reaction path search of multistep enzymatic reactions
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Three dimensionally Architectured Nanocatalyst Inspired

by Deep-Sea Hydrothermal Vent

Name: Hye-Eun Lee

Host Laboratory: RIKEN Center for Sustainable Resource Science,

This research focuses on understanding alkaline hy-
drothermal vents (HVs) in deep-sea and using HV as a
new catalyst. This study consists of two parts. 1) Re-
search on characteristics of HV in terms of chemical
and material's perspective and changes in the properties
of HV in various environments; 2) Research on HV as
a new catalyst and development of a new geo-mimetic
catalyst based on an in-depth understanding of HV.

First, we examined structure and composition of
HVs in deep sea. The structures comprise channels and
pores that are separated by inorganic walls which is
mainly made of multiple layers of brucite crystals. The
HV possess interesting features like, crystals with di-
rectional alignment, hierarchical porous structures, and
nanopore which is smaller than Debye length. In addi-
tion to the nanopore, the HV has tunable surface charge

originating from the brucite material and its intercala-

Biofunctional Catalyst Research Team

Laboratory Head: Ryuhei Nakamura

tion, and this allow us to achieve unique function, sur-
face-charge-governed selective ion transport through
the nanopores. Based on these distinctive attributes, we
further demonstrate power generation in HV using ion
gradient environment. In addition to the NaCl gradient
power generation, proton gradient also generates the
current through the HV due to the proton conductivity
of HV. These results are the first demonstration of
chemical energy conversion through HV, that can pro-
vide a new clue for the origin of cell system that gener-
ate energy by utilizing ion gradient.

In the 1st stage of the research we've shown that HV
possess hierarchical and porous structures. This com-
plex structure and materials of hydrothermal vent holds
a great promise for modern catalyst development, be-
cause 1) the intricate structure allows higher-order

product by controlling the flux and residence time of
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reactants and 2) the unique chemical composition of-
fers a new insight to utilize earth-abundant material for
efficient catalytic reaction. Based on the knowledge of
HV, in the next consecutive two years, three-dimen-
sionally controlled nanocatalyst will be developed. I

will demonstrate new catalyst structures by creating a

XX-025

catalyst that uses the structure of HV as it is and a struc-
ture that is made by imitating the HV formation pro-
cess. Consequently, a new system that can steer the
selectivity of catalyst with high activity, control flux of
products and ultimately provide cascade reaction can
be fabricated.
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Dynamics of the Charged State of Molecule Investigated by THz-photon STM
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“Investigation of luminescence from a localized
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Evolutionary conservation of epigenomic interactions involved

in human ageing across the vertebrate lineage

Name: Juan Felipe Ortiz Quinonez

Host Laboratory: RIKEN Center for Integrative Medical Sciences,

The main premise of this study is that genomic spa-
tial interaction between genomic elements has been
conserved at some extent during the evolution of verte-
brates. Our hypothesis is that some of those interac-
tions help us understand the regulatory networks used
by different species during their ageing process.

Hi-C is a chromatin conformation capture technolo-
gy used to elucidate the genomic regions that are in
physical proximity genome-wide. Given that genomic
proximity between promoters and enhances is an im-
portant aspect of gene regulation, Hi-C is an important
tool to be used in this study for inferring potentially
conserved genomic interactions. However, the results
of a Hi-C analysis are usually optimized for each indi-
vidual dataset. The research performed during last year
focused on developing algorithms to normalize and
compare Hi-C datasets.

I used mouse Hi-C contact maps taken at different
stages of the cell cycle. By using multi-matrix normal-
ization, I developed an algorithm that calculates infor-
mation theoretical distances between matrices, and

used those distances to cluster the normalized matrices.
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Laboratory for Advanced Genomic Circuit

Laboratory Head: Jac Woo Shin

As a result, I was able to cluster the Hi-C matrices in
the order in which they were taken during the cell cy-
cle, validating the accuracy of the algorithm.

Finally, in order to take advantage of the latest tech-
nological advances in chromatin capture, I developed
an algorithm to demultiplex Pore-C data using combi-
natorial indexing. Pore-C is a technique to build chro-
matin proximity matrices, like Hi-C, but using nano-
pore sequencing technology, which increases the
number of contacts per read, improving the quality of
the resulting matrices. By using combinatorial index-
ing, we will be able to build single-cell chromatin con-
tact matrices. This will be an important asset to our
project, because with single-cell data, we will be able
to capture genomic interactions with several replicates
(one replicate per cell), increasing the statistical robust-
ness of our future analyses. Moreover, by using single-
cell chromatin contact maps, we will be able to model
the dynamics of chromatin interactions taking into ac-
count intra-specific variation of chromatin spatial dy-

namics.
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Reconstitution of the archaellar motor using artificial cell-membrane microsystems
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Spatiotemporal imaging of biological macromolecules by complementary
use of cryo-electron microscopy and molecular dynamics simulation
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Study of Coordination between Three Processes Driving Tracheal Invagination
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Development of single cell RNA-seq method for three-dimensional tissue retaining
spatial information of each cell and its application to stem cell research.
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Multi-omics Data Integration for Epistasis Detection

Name: Héctor Climente Gonzalez

Host Laboratory: RIKEN Center for Advanced Intelligence Project,

Description of research: My goal is to improve our
understanding of the genetics of complex diseases. To
achieve that, I focus on the development of machine
learning tools, especially those that can integrate mul-
tiple sources of information about the disease. Our ra-
tionale is that, by considering multiple points of view
of the disease at once, we can better understand it and

tackle it. Often, such integration can be done via graphs

Generic Technology Research Group,
High-Dimensional Statistical Modeling Team
Laboratory Head: Makoto Yamada

or networks, in which pairs of biomolecules (SNPs,
genes, or proteins) are connected when there is some
evidence that they are functionally related. I study such
biological networks, from three points of view:
- The use of SNP networks to model genomic struc-
ture and function. For instance, by connecting
SNPs that affect the same functional element (e.g.,

transcription regulation motifs or gene), or that are
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structurally related (e.g., sequential or establish a
chromatin interaction).

- Study and development of methods to explore net-
works to find new biomarkers, jointly considering
scores coming from one experiment (e.g., a ge-
nome-wide association study). Our current interest
involves doing so using graph neural networks.

- Integration of multi-omics data. Our approach con-
sists on building networks that model different
parts of cell biology (for instance, genome organi-
zation, and protein-protein interaction network).
Then, we study how to integrate both perspectives

using optimal transport.
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MEASUREMENT OF CHROMATIN ARCHITECTURE,

AND ITS FUNCTION IN REGULATING NEURONAL ACTIVITY

Name: Fangke Xu
Host Laboratory: RIKEN Center for Brain Science,

One major goal for the proposal was to utilize DNA
adenine methyltransferase identification sequencing
(DamID-seq) on a small number of specific neurons.
Thus, we will be able to identify chromatin structure
changes for the neurons of interest under different con-
ditions and/or for different genotypes. I have optimized
a protocol working for in vivo sample of as few as 4 fly
brains that express DAM in a pan-neuronal pattern
(equivalent to ~4000 neurons). For future experiments
that using FACS purified neurons, depending on the ac-
tual number of neurons we will be able to acquire from
FACS, this protocol might need further modification.
Quantitative PCR was able to detect abundant genes in
the sample but has limited ability identify the real tar-

gets for a certain chromatin binding protein. I will need

Laboratory for Neurodiversity
Laboratory Head: Adrian Walton Moore

to generate samples for sequencing to further verify the
targets for the current chromatin binding protein ex-
pressed in the targeted neurons.

The other goal of the study is to link neuronal activ-
ity to the changes in chromatin profile and gene expres-
sion changes. I have been working on setting up a live
imaging system to visualize and record neuronal activ-
ity upon neuronal activation. Currently, GCamP sig-
nals can be recorded to verify C4da sensory neuron
activities when different stimulations are introduced.
Fly strains needed for building CamPARI as originally
proposed did not arrive until recently due to the de-
layed shipment. I will continue with setting the system
with CamPARI as well for the coming year. I am also

planning on test an alternative method to label the acti-
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vated neurons. A fast activation response gene (Hr38),

has been made into a marker to label activated neurons.

XX-037

I have requested related reagents and will test its effi-

ciency in labeling C4da neurons upon activation.
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Neural Basis for Affiliative Social Contact in the Preoptic Area
and Amygdala
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Metabolic communication in immune system, microbiota and brain

Name: Baihao Zhang

Host Laboratory: RIKEN Center for Integrative Medical Sciences,

Intracellular metabolic circuits and extracellular sig-
nals together orchestrate the immune responses. The
secretory small molecules are attracting more attention
as participation in these two processes. However, the
metabolic signature of lymphocytes and how they com-
municate with each other through secretory small mol-
ecules remains largely unclear. Here, we applied the
integrative approach to investigate the contribution of
different immune cell subsets in metabolic reconfigura-
tion after a footpad immunization of wildtype (WT),
ragl” (lacking T and B cells), cd3”~ (lacking T cells),
and muMt’”- (lacking B cells) mice. We revealed a
strong metabolic shift of about 200 compounds when
comparing draining and non-draining lymph node (LN)
tissue in WT animals. Pathway analysis of those me-
tabolites which differed significantly between ipsilat-
eral and contralateral LN in WT animals revealed that
the alanine, aspartate and glutamate metabolism was
the strongest differentiating metabolic pathway be-
tween resting and activated immune sites. Despite the
presence of many pathogens- associated molecules in

CFA that were expected to stimulate pattern recogni-

XX-044

Laboratory for Mucosal Immunity

Laboratory Head: Sidonia Fagarasan

tion receptors on myeloid cell subsets, the ipsilateral
LN of ragl” was similar to all contralateral lymph
nodes, suggesting T and B lymphocytes activation is
the dominant factor contributing to the metabolic shift
in this acute model. B cells strongly influenced the ip-
silateral metabolic landscape as the muMt'- profile was
most distinct from its WT and cd3”" counterparts. In-
deed, a well-known inhibitory neurotransmitter GABA
was the strongest differential metabolite using a ran-
dom forest algorithm comparison. GABA was the ma-
jor metabolite upregulated in ipsilateral LN in a B cell-
dependent manner, indeed very little GABA could be
detected in either ipsilateral or contralateral LN from B
cell-deficient mice and rag/”~ mice. Furthermore, the
combined metabolome and proteome analysis con-
firmed that GABA was synthesized and secreted spe-
cifically by peripheral activated B cells and gut plasma
cells. Taken together, our studies identified the target
metabolite highly relevant to the immune responses
and would contribute to further understanding of the
communication network of lymphocytes through the

small soluble metabolites.
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Computation and neural implementation for insight-based learning
in posterior parietal cortex
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Attosecond Pump-probe Spectroscopy: Ultrafast Dynamics

in Atoms and Molecules

Name: Bing Xue
Host Laboratory: RIKEN Center for Advanced Photonics,

In the present study, we demonstrate a 50-mJ three-
channel parallel waveform synthesizer by using a CEP-
stabilized high energy Ti:sapphire laser operating at
10 Hz, and demonstrate a stable high-flux super-con-
tinuum with the high-order harmonics generation in the
soft x-ray region. The three-channel waveform synthe-
sizer consists of a Ti:sapphire laser pulse (named as
pump pulse in the synthesizer) and two infrared OPA
pulses (signal and idler pulse). The pump, the signal,
and the idler, which forms the synthesized electric
field, are separately focused by using long focal length
lenses (4.5 m for pump pulse, 3.5 m for signal and idler
pulses) into an 8-cm long argon gas cell. Through the

high-order harmonics generation, an intense (over GW-

Attosecond Science Research Team

Laboratory Head: Katsumi Midorikawa

scale) and stabilized soft-X-ray pulse is achieved. The
generated soft-X-ray spectrum supports an isolated at-
tosecond pulse (IAP) output with a duration of 170 as.
By this research, fully controlled of the intense laser-
induced electric field is world-first achieved. The work
is published in an open journal of Science Advances
this year.

Then the experimental characterization of the gener-
ated IAP by using Frequency-Resolved Optical Gating
for Complete Reconstruction of Attosecond Bursts
(FROG-CRAB) is first tried to implement. Thanks to
the high-flux output from the three-channel waveform
synthesizer, the world-first demonstration of FROG-

CRAB measurement on a 10-Hz repetitions rate is
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completed. The preliminary results show the retrieved
IAP pulses from synthesizer output is around 200 as.
The next target of the real pump-probe experiment by

isolated attosecond pulses is proved to be achievable.
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isolated attosecond pulses”, Science Advances, 6, 16,
easy 2802 (2020)
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Exploring Novel Nanoscale Nonlinear Optics using High-Q
Optical Microresonators
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Establishment of a System of Persistent Current Magnet Technology through
Superconducting Joints between Bi-based Superconducting Tapes
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Hexagonal boron nitride (2-BN), a two-dimensional
(2D) material, is atomically flat with low defect densi-
ty, which is widely used to support other 2D materials
for both electronics and photonics. We expect that the
advantages of #-BN can also be utilized in mixed di-
mensional heterostructures, and single-walled carbon
nanotubes (CNTs) would provide a unique opportunity
in this context. The one-dimensional nature of CNTs
results in enhanced Coulomb interactions, giving rise
to tightly bound excitons that show photoluminescence
(PL) at room temperature. CNTs directly attached on
solid-state substrates such as SiO,/Si, however, suffers

from the strong substrate quenching effect, hindering
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toki T., Shimoyama J.: “Superconducting joints be-
tween high-strength Bi2223/Ag tapes with
reinforcement materials towards persistent-current
HTS magnets”, Applied Superconductivity Confer-
ence 2020, online, Oct.(2020)

Rt —, sKHZE, KRG, 2450, e, HiE
wind, B, A RHRE, oSN, RilE—,
I, Ak “kAEFR 400 MHz (9.39 T)
LTS/Bi2223 NMR D% (2) ~ Bi2223 €7 /)VNHE
A )VOVER L ROGETRRASR ~”, 55100 MK T
AR, AT, 125 (2020)

Exciton physics in 1D-2D heterostructures and its applications
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%2 A W 7% % :RIKEN Cluster for Pioneering Research,
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Laboratory
(FiJEE  Yuichiro Kato)

applications in all-solid-state optical devices. By using
h-BN as a substrate, the quenching effect is expected to
be suppressed. Moreover, excitons in CNTs are sensi-
tive to the dielectric environment, and intimate contact
with the 2D A-BN substrate could result in large modi-
fications in excitonic energies.

Here we investigate two different types of hetero-
structures consisting of #-BN and CNT by using PL
excitation (PLE) spectroscopy. For CNT/A-BN sam-
ples, CNTs are first grown on a SiO,/Si substrate, and
we prepare 4-BN flakes on another SiO,/Si substrate by
mechanical exfoliation. The CNTs are picked up by us-

ing a PDMS/anthracene stamp and transferred on the
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target #-BN flake by using the micromanipulator sys-
tem. PDMS is peeled off and anthracene is sublimated
at 110° C, leaving a clean surface for CNTs. Although
CNTs are transferred on both the #-BN flake and the
Si0,/Si substrate, only CNTs on 4-BN show bright PL.
Compared with conventional substrates, the #-BN sub-
strate is atomically flat with no dangling bonds and low
defects density, which might contribute to the consid-
erable suppression of the substrate quenching effect. In
samples where 4-BN flakes are transferred on individ-
ual air-suspended CNTs, the chiralities are unambigu-
ously assigned and the same tubes are tracked for 2-BN
effects. Bright luminescence with a narrow linewidth is
observed from the CNTs directly attached to #-BN at
room temperature, indicating weak quenching and
small broadening effect from 4#-BN. Excitonic energies
are found to exhibit considerable redshifts as well. The
results demonstrate the ideal properties of #-BN as a

substrate for CNT photonic devices.
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Elucidation of structure and role of protein-protein interactions

inside spider gland

Name: Nur Alia Oktaviani

Host Laboratory: RIKEN center for Sustainable Resource Sciences,

Spider silk proteins are mainly composed of major
Ampullate Spidroin 1 (MaSpl) and major Ampullate
Spidroin 2 (MaSp2). Both MaSp1 and MaSp2 are high
molecular weight of proteins (300-500 kDa), which are
composed of N-terminal domain, C-terminal domain,
separated by long repetitive domain. Prior to spider silk
formation, both proteins are stored in soluble forms in
the spider gland and transformed into insoluble silk fi-
ber after experiencing pH gradient across spider gland.
N-terminal domain (NTD) of spidroin is in monomeric
form at neutral pH with the presence of high salt con-
centration, while at acidic pH (pH 5), NTD forms di-
mer with antiparallel orientation, which is essential for
connecting spidroin to form intermolecular interaction.
A previous study performed biomimetic spinning of ar-
tificial spider silks using recombinant MaSp1 and eval-
uated the mechanical properties artificial spun fiber.
However, the possibility of heterodimer formation be-
tween MaSpl and MaSp2 and the effect of the het-
erodimer formation on mechanical properties is still
unknown until now. In this study, NTD MaSpl and
MaSp2 (each is 14.5 kDa) from N.clavipes were re-
combinantly expressed in E.coli without and with ('3C,

I15N) isotope labeling. Both proteins were purified using

Biomacromolecules Research Team
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2 steps of purifications: His-tag and size exclusion
chromatography. Using solution state NMR spectros-
copy, interaction between N-terminal domain (NTD)
MaSp1 and MaSp2 was investigated. Titrations were
performed using (13C, ’N) NTD MaSpl with unla-
beled NTD MaSp2 and other way around. For each ti-
tration point, several 2D and 3D NMR experiments
were recorded to monitor chemical shift changes.
Based on assignment and analysis of those titration re-
sults, some residues appeared to have two peaks which
correspond to homo and heterodimer populations. Sig-
nificant chemical shift differences between homo and
heterodimer populations were found at residues located
at dimer interface. This finding showed that heterodi-
mer formation of NTD MaSpl and MaSp2 occurred
spontaneously when NTD MaSpl and MaSp2 were
mixed and brought to acidic pH. Outcome of this study
also provides direct evidence at the molecular level of
heterodimer formation, which might have strong impli-

cation on mechanical properties.
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Molecular Simulation-Based Approach to Protein Engineering
for Future Medicine.
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Microbiota-mediated Regulation of Host Digestive Proteases and

Bile Acids in the Gut: Mechanisms and Physiological Impacts

Name: Youxian Li

Host Laboratory: RIKEN Center for Integrative Medical Sciences,

The gastrointestinal tract is constitutively exposed to
proteases, including a serine protease trypsin originat-
ed from the pancreas. Elevated trypsin levels in the
lower intestine have been implicated in pathological
conditions including inflammatory bowel disease
(IBD). Here we show that trypsin is regulated via deg-
radation by members of the gut microbiota, Parapre-
votella spp. After passing through the small intestine,
trypsin activity is markedly reduced in the cecum of
specific pathogen-free (SPF) mice, and germ-free (GF)
mice have high luminal trypsin levels. We have suc-
cessfully identified Paraprevotella clara and Parapre-
votella xylaniphila from the microbiome of healthy hu-
man donors as potent trypsin-degrading commensals.
Mechanistically, trypsin specifically binds to the sur-
face of Paraprevotella through a mechanism involving
type IX secretion system-dependent polysaccharide-

binding proteins, and the binding promotes trypsin au-
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tolysis. Two outer membrane proteins (PROKKA 00502
and PROKKA 00509) are identified to be important for
this event and disruption of either genes inhibits Para-
prevotella-mediated trypsin degradation. In vitro ex-
pression of the two proteins confirms that
PROKKA 00502 alone is sufficient to facilitate trypsin
binding and degradation whilst PROKKA 00509 has a
supporting role in trypsin recruitment. Intestinal colo-
nization in mice with Paraprevotella and consequent
trypsin reduction protect secretory IgA from excessive
degradation by trypsin. Moreover, Paraprevotella pre-
vent lethal infection with murine hepatitis virus, a
mouse coronavirus whose entry is dependent on pro-
teolytic cleavage of the spike protein. Therefore, a mi-
crobiome-based approach targeting excessive proteas-
es may represent a therapeutic strategy for

inflammatory and infectious diseases.

— 159 -






2020-21 ERMZRHIMFTEFR

SH3AESH 31T H E W
TH3AES8H 3T H ¥ AT

witeae T LRFSE D S vk A BLL R B S
e N T R N
T 351-0198 ki ERFEWILR 2 HK 1 5




- | 1N e,
7581 N
2B Wi 74 — ‘.
A AL "ﬁ..kaum
yy Pa8 W7 AR ‘muw.o E”!ll.um_ R =
A \.-5_.:___\ N EER L AN NN B
7 97, 8 R _ls_.mlnull..lvl-r B
B V4R a_-:_w\ QNR_ =\ WAL A-r o
B -l. AV »Zlmv" .._",.II/A.! L VOV M.___—_l

7 70178 R\ N,

‘\LI =97, .-S.Q\Il lgll. NS NE

ZJ 2 -

ﬂ—_ —‘_— /i II. 2-/ ",..u X
A ¥ )

‘ :.hﬁllql h BN

4 3 S R o e\ ‘r Y

o=
Q&
]

...L___

2 A ) S W W' 5

A U B/ o 2% .
1 .m A/ _'IM T p

Y VR AT TN ok, TR
' WR T N === B 1 WHTNES  \  \A

|Ii U SRR 1311 W ohmm e w;_:.:,.:,,...

-

‘:--.




