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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 2021. 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, physicsIl, 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 1850 SPDRs and 153 FPRs and there are currently 155
SPDRs (as of August 2022).
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XVII-001

Confinement and deconfinement in QCD with effective field theories

and higher-order perturbative calculations

I have been working on a study of the energy-
momentum tensor in the presence of a static quark at
finite temperature, represented by a Polyakov loop. I
have calculated the connected correlator of those two
operators at next-to-leading order in perturbation
theory for three different scenarios: distances much
smaller than the inverse temperature scale, of the
same order, or much larger and comparable to the
inverse Debye mass. Each required somewhat different
techniques such as effective theories or integration
by region, but they are all consistent with each other
and agree well with a previous lattice calculation.
Also general properties of the energy-momentum
tensor such as the trace anomaly or the conservation
law are satisfied, which provides non-trivial cross-
checks for the result. Even though I calculate only the
first perturbative correction, the required Feynman
diagrams are already of three-loop difficulty, due
to the particular interactions between the energy-
momentum tensor and the Polyakov loop. At short
distances, the correlator approaches a temperature-
independent value and the thermal corrections start
at fourth order in the temperature (third order,
if massless quarks are included). Aside from the
trace anomaly, the temperature-independent part
allows for only a single tensor structure, while the
full temperature dependence introduces a second
tensor structure. At intermediate and long distances,

Name : Matthias Wilhelm Georg BERWEIN

Host Laboratory : RIKEN Nishina Center for Accelerator

-Based Science
Quantum Hadron Physics Laboratory

Laboratory Head : Masahiko IWASAKI

the result cannot be expressed through elementary
functions, but I have found integral expressions
in a single variable that converge quickly. The
long distance result already requires a one-loop
matching calculation for the leading order, which
consequently disagrees with the naive expectation
(i.e., simply introducing mass terms into propagators
of short-distance diagrams). While at intermediate
distances there are still some terms that do not show
exponential suppression, all those are resummed
in the long-distance result in an exponential of the
Debye mass, as expected.

Although there is a lot of interest in the energy-
momentum tensor in the scientific community, this
work is the first analytic study of its kind, and we
can expect it to have an impact. Still, preparing it for
publication has proven more difficult than expected.
The details of the calculations can become quite
complex and may only interest few readers, yet leaving
out too much will make it less comprehensible.
Trying to strike the right balance between brevity
and precision has led to some delays in the progress
of writing, and unfortunately I have not been able to
finish a draft and submit it within the duration of my
employment as an SPDR. Nevertheless, I will keep
working at it and submission can be expected in the
next few months, so still within FY2021.



XVII-002  Single-particle Energies and Strengths Around 19061 and **Sn

The end of FY2020 saw the submission of a research
result related to the direct nuclear reactions to be used
in the proposed study of the single-particle energies
and strengths around '°Sn and "?Sn. In FY2021,
this research result, which focuses on the detailed
spectroscopy of **Ca, was accepted and published in
the high-impact “Physical Review Letters” journal.
Following this, work on a complementary aspect of
the structures of '°Sn and '*Sn has been ongoing. In
addition to the single-particle behaviors around '"°Sn
and *Sn, collective motions of the nuclear cores is
anticipated, important among these is the octupole
collectivity, recently established for '**Sn. The single-
particle description of this collective motion is
a challenge to even the most sophisticated shell
model calculations. Therefore, in order to provide
a pivot point for such calculations, an experiment
to investigate the octupole collectivity of lighter
nuclear systems, **°Se, was carried out. In both
the "*?Sn and %*°Se systems the single-particle view
of the octupole collectivity should originate from
the interaction between neutron and proton orbitals
with a difference of orbital angular momentum of
3. This is satisfied in the case of the Se isotopes as
between the 0g,,-1p;, proton orbits and 0hj;.-1ds
neutron orbits, whereas it is not clear which of the
orbits are expected to contribute most significantly

Name : Frank BROWNE

Host Laboratory : Radioactive Isotope Physics Laboratory

RIKEN Nishina Center for Accelerator
-Based Science

Laboratory Head : Hiroyoshi SAKURAI

to the octupole collectivity in '**Sn. Preliminary
results of the %% Se experiments show great promise
to addressing the origin of octupole collectivity.
In addition, to searching for enhanced octupole
correlations, Coulomb excitation was observed to
the second 2 states in the N>50 Se isotopes. The
relative strengths of these to the first 2* states are
key signatures of shape coexistence, according to
theoretical predictions. Potential identification of the
(3") state in ***Se fills completes the 50<N<58 energy
systematics, which show a gradual downward trend.
Indications of Coulomb excitation to the (3°) state
in *°Se, having not been observed in the lower-mass
nuclei, is suggestive of an enhanced B(E3) value for
this nucleus. Both the 3™ energy systematics and the
potential observation of a increased B(E3) value may
indicate of an enhancement of octupole correlations.
Further analysis and interpretation of the results will
pinpoint the contributions of specific orbitals to this
increase in octupole collectivity, providing valuable
constraints to the **Sn case.

@ Publications

Papers

1.Browne F,, et al: Pairing Forces Govern Population of
Doubly Magic **Ca from Direct Reactions. Phys. Rev.
Lett. Vol. 126 (2021) pg. 25201.
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The Study of Quantum Gravity and Thermalization from The Viewpoint

of Quantum Entanglement

AR TIE BROR I VT IV TEEIEN S, 1854
BYAMF IV AT THHRREDBERN R E L
EONTUESERNBIZANZ ALY ZF DY ER
B9z BEICIREZT oI, BRORY VTV
TEWSHETERRIEMEL TSIV - IR—ILOFERE
WSIEFEENBRE TR I FHENBREBERED T, Ih50
FEFENBIRDBRICENZIENPEFIND, £l &
DRIZY TV I BRRIEBEZEFHICEDBRIC, 8
=EDSBERERFNBWVRICT ZIRICHEERREE%
BRI, CORKOERNRARITSER. EFBER
MEEEITBZLTEETHDIEEISN D, KEICTTo
TR DERLRIF

() ZEBREICRVWT HRIFTFv 7 - Ik—ILOEFHR
fAEZEY23IL—2ay9500BmINA7ON
I ERZEU .
To90 - R=ILDFAFIIAERERT 2. &
EAAEEIEREICT IV - IR—ILEEDZE
THB. LML, ZNIFIREDANBE ORI TIEFAT]
HETH Do £I T BRIFTZv 7 - IR—)LDERICIE
BILAERBEREZEOMBEH DRICERT DS
BAh3LE COMENDTETZTORNILERREL

HREKS © Bl H5A Masahiro NOZAKI
SAMER : HEEETOT T A
(FrFER vHEBE
foo 2OZORIINERBWTCT S YT - IR—ILOFR-
EENY1ZIL—Ya v TELLHETES,

(2) COFBBWRIZV T IV T MREFDOFTAF I
TADT T REFEHICTE>TWEEFEINT
Wizo FAlEMagic EWS5, B FIREN HELETE4
TYa3IL—yarvd3icixENIFEE#RIRREIC
BoTWBIHZRZDEZRAWT, BHNICTRENFESE
ICEMRREEICTR > TV T EERWE U,

@55 LF % Publications

(REFRO

1.J. Kudler-Flam, M. Nozaki, S. Ryu, and M. T. Tan,
“Entanglement of local operators and the butterfly
effect,” Phys. Rev. Res., vol. 3, no. 3, p. 033182, 20217,
K. Goto, M. Nozaki, and K. Tamaoka, “Subregion
Spectrum Form Factor via Pseudo Entropy,” Phys.
Rev.D 104 (2021) 12, L121902*

@[15EH X Oral Presentations

1.M, Nozaki, “Black-hole like excitation in conformal
field theories.”, Strings and Fields 2021, Kyoto, Japan,
Aug.(2021)

XVII-002 FERDOHHEIFFIEERICHT TORT QCD Eiti D F%E

Development of new techniques in lattice QCD for future colliders

SEERHEENS5IEHE, MRT Y THDHEM
FEEBVWTIETQCD DM EHICDBRMNDHFRE
T2 TW3, IBFQCD TIREYTHIEZRWTT —
VM ZERL. ZIHERAPHA ZILRTRED B F
RN ICBI I 2 EEFDEARFEZ KD %, 2021 FE
BFTF—YBRTERFHAYNATOMNREENTZFE
THIAAXATIVT (EBI) ZFH By TD=1—7

MEEKS : 24 BX  Akio TOMIYA
RAMRERE | CRIERSFHAEEY Y —
B BNLIAR Y 5 —
SEYEBAR I —T
(FABR W =)
IWRYRNT—DEHEEEIEEZRBL, ZEFEEAH
ERBEUC(T—IHEZa1—FILRY N, ThIFREERD
AR 21— RXYNT—I DT =V RAE=Z2—FI)L
KYRNT—DEFERZH SR TRININEZEIR
UlcBlefaotze ZUTT —YHEZ 1 —FI)LRY MR
FQCDDFEICHATZZENTESZERUT



@[15EHF K Oral Presentations

1.Akio Tomiya, "Start Lattice QCD.jl with Lattice QCD.",
Julia in physics (invited) , Virtual, September 3 2021

2.Akio Tomiya, "Machine learning for Lattice QCD",
Confinement and hadron spectrum, Virtual, August
62021

3.Akio Tomiya, "LatticeQCD.jl:Simulation of quantum
gauge fields", JuliaCon 2021, Virtual, July 27 2021

4.Akio Tomiya, "Smearing is a neural network",
LATTICE2021, Virtual, Germany, 27 Jul 2021

5.Akio Tomiya, "Toward Cost Reduction in Lattice
Computation Using Machine Learning", (Virtual)
Radiation Lab, Japan, 14 July 2021

6.Akio Tomiya, "Machine Learning and Theoretical
Physics", (Virtual) Radiation Lab, Japan, 14 July 2021

7.Akio Tomiya, "Gauge covariant neural network for

4 dimensional non-abelian gauge theory", MITP,
Virtual, Germany, May 28 2021

8.Akio Tomiya, "Applications of machine learning
on theoretical physics", (Virtual) Ochanomizu
university, Japan, 19 May 2020

9.Akio Tomiya, "Gauge covariant neural network for
4 dimensional non-abelian gauge theory", Deep
learning and physics, Virtual, 7 April 2021

®RR % —% K Poster Presentations

1.Akio Tomiya, "Machine Learning Approximated
Nucleon Matrix Elements with Domain Wall
Fermions", Lattice2021, Virtual, MIT, US, 27 Jul 2021

2.Akio Tomiya, "LatticeQCD.jl: Lattice QCD code with
Julia", Lattice2021, Virtual, MIT, US, 27 Jul 2021
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Galaxy Evolution along Cosmic Web in the Early Universe

BEDEEANBFEETILTIE. NU A Y DKER
A IE IR TR < FEM (Cosmic Web) & iEh
ZHBOEROBEICHR>THAHLTVWD EFE
INTW3, ThSDOIRAE IR ZEIRAEYE
(Intergalactic Mediums, IGM) &, FEH DEER K.
HBDWIIRTEZIERET 2 L TRIAEBVWERTH
%, — A CHABREDHFSEIREDERICE>TZED
KEABEE RO TEVWEFBINTE D, ZOEHIZ
FHICHL IRIPHBEDEATHEW, RART
(& KARE3.1 (1 15REFMOFHICHEY) ORBRA
HERREL, SNFETEREBHBMICFEINTE L
COESBRIBABEPEDRY NT—U THZFEMD
HRIDO=ZRTHBEDOERZBIET, SSICFHEEE
BERELTEDLSICIRANZO N A EZERS LU THE
LTWo Db YILF R —ILTORAES D AZRR
B,

AEELIEHEIVREYIIVFEEZESTILY
ERiE, AEXOEETH B VLTERE. ThEhic
BOWTEHACEBITEHEL I, 2L TRAREITD
(2019F ICHXEIR L e b D & 1F) BIDMEIICDWT

MEEXL B Ric  Hideki UMEHATA
RAMEE : FRHRAFAR
IRHE - REFEHRMER
(FTER RH B@X)

FHELS L UCBRRFORTDRE ICHIIL e, ZER
FICE > TFHPOFEEH R CREERAVERRL TN
BEEESZATCBDREEEZ SN S,

@5 EHK Publications
(REHX)

1.Umehata, Hideki, Smail, Ian, Steidel, Charles C.,
Hayes, Matthew, Scott, Douglas, Swinbank, A. M.,
Ivison, R. J., Nagao, Toru, Kubo, Mariko, Nakanishi,
Kouichiro, Matsuda, Yuichi, Ikarashi, Soh,
Tamura, Yoichi, Geach, J. E., “ALMA Observations
of Ly Blob 1: Multiple Major Mergers and Widely
Distributed Interstellar Media”, The Astrophysical
Journal, 918, id69, 20pages, 2021

O@[5EF K Oral Presentations

L #BMZRAC : “Galaxy growth within the cosmic web in
a proto-cluster”, HRIL KAZ KR ZRAXFERIOF
L, RALKZ, 7R (2021)

2. #BMHZRAT : “Recent observations of IGMs/CGMs”,
Galaxy-IGM workshop 2021, > 5 >, 8H(2021)
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Measurements of Spectral Change of Vector Mesons in Nuclei

AFEOBIE. /\ROYOEEMN/\NOYOEED
HEEORFRTRESNIENREE THIILEER
NICRI ehiT, NI NLFEFORFEATOEED
MEBEFTOEENHZATEL. ZDEZPREICTHE
ITB52ETH 5.

—MRIR T A — I BRICEWTBFIE3 D204 —7
NSRBI 2D, ZOEE (938 MeV) [FEED T 4+ —
Ihey I AEBICL->THEIEED M (FMeV)
EHEBUTHERICEW, INE DA ZILEIREDOBE RN
WNEWSEETEREIN., LKEFANSNTWS, L
ML COBBZEENICEIHUCERIIERTHD, %
CTCAMATRFIBFOEENHEZEEAEIT DL
T BEORREZBEAT S,

AARTIEIEFRATERIET 2V MNLREF. FiC
PFEFOEENHZEFHEFWNREEF v RILNDS
BHERIZZETUET %, ¢HBEFIREBEFE—LZR
FRENICBFETZIETERT DD, AKICETHE
FOERBEREBIABTHEFIRECERN SN, 1R
HERICARN T2, BRLGEENHZRET Z7HICE.
REOHETHEFOFNSBEFHBEFZRMEND
KERETRAETDNENH D, TDHIC, REERE

o

MEEXE : BF 4 Koki KANNO
RAMEE  CRIESZMRE 5 —
IREHRAT I E
(FTER EE FA)

LTARAY I SA Y RSB EHENZEFRERT
AF LY A7BRERORKEED TE s,

AEEF. IEEXTTICARIMOXA=F—CIVR
N—ILUTcE=/N\ROY 7540 Rig 88 O A% FF M
Ufco RBBETHERIZIBFE—LZREVT, AF LA
BROERGTIAIVY 3=V % Tofc. HllRT— 5
WFIREDHNTWBD FEFLI/A\ROY TS0V RNig
HBRNEFERETEZIEN DI >fc, FRMIMREH
FBICSHOTHERSNIABRNFOREE/N\ROY TS
1Y RREBOESREVNBEOKED, BELEFET
HBEbDh ofc, SRIF2023FEICFELTWSY
BF—yBSICEIT TREBBOE®RETS,

O[15EF 3 Oral Presentations

(ER=H)

1.Koki Kanno, “Experimental study of spectral change
of vector mesons in nuclear medium at J-PARC”,
Second International Workshop on the Extension
Project for the J-PARC Hadron Experimental
Facility, 16 Feb. 2022

XVIlI-005  Scanning Tunneling Microscopy/Spectroscopy Investigation of

‘Drumhead’ Topological Surface States

Name : Christopher John BUTLER

Host Laboratory : Emergent Phenomena

The objective of this project has been to identify and
investigate material candidate for the realization of a
particular form of electronic surface state predicted
in some topological nodal-line semimetal materials,
namely the so-called “drumhead” surface states.
These are unusual states spanning all momenta in the
material’s Brillouin zone that are enclosed by a loop-
like crossing between two bands. In principle, as such

Measurement Research Team
RIKEN Center for Emergent Matter Science

Laboratory Head : Tetsuo HANAGURI

states may be flat or nearly flat under ideal conditions,
they may result in a very large electronic density of
states known as a van Hove singularity, which in
turn promotes phenomena emerging from enhanced
electronic correlations, such as charge density waves,
electronic nematicity and superconductivity. Many
nodal-line semimetal materials have been predicted
to host drumhead states. However, at the time of



writing, exceedingly few material candidates have yet
been demonstrated. At best, it is thought that T1TaSe,
hosts drumhead states, but in this case the states are
not easily amenable to experimental observation,
and even in theory are far from the ideal flat
configuration which would lead to further interesting
effects Nevertheless, I conducted experiments on the
nodal-line semimetal BaNiS$,, and discovered and
characterized rather unexpected electronic nematicity.
A comprehensive report on quasiparticle interference
observations and Landau level spectroscopy
measurements which help to characterize the unusual
band structure of BaNiS; is now under preparation
for submission to a high-level international journal.
Furthermore, interpretation of the observed electronic
nematicity, with the help of theoretician colleagues,
is ongoing, and will be the subject of another
manuscript, now in early preparation. Drumhead
surface states were not found. Candidate materials
such as CaAgP remain to be investigated in the future.
Concurrent with the work described above, I performed
the installation and testing of a development version
of a cryogenic current amplifier which enables the
measurement of tunneling shot noise in a scanning
tunneling microscope. Since the shot noise power
in a tunneling junction is related to the effective
charge of the tunneling entities, or the degree of

correlation of tunneling electrons, observing and even
spatially mapping the shot noise can help to visualize
phenomena such as fractional excitations, Majorana
modes, Cooper pair density waves and possibly others.
The characterization of the amplifier has met with
some success and is ongoing.

@ Oral Presentations

Conferences

1.Butler C. J., Kohsaka Y., Bahramy M. S., Yamakawa
Y., Onari S., Kontani H., Hanaguri T. and Shamoto
S.: Scanning tunneling microscopy observation of
electronic nematicity in the Dirac semimetal BaNiS,.
JPS Autumn Meeting 2021, The Physical Society of
Japan (online virtual meeting), September 20—23,
2021.

@ Poster Presentations

Conferences

1.Butler C. J., Kohsaka Y., Bahramy M. S., Yamakawa
Y., Onari S., Kontani H., Hanaguri T. and Shamoto
S.: Observation of Electronic Nematic Order in the
Correlated Dirac Semimetal BaNiS,. International
Conference on Quantum Liquid Crystals 2021
(QLC2021) (online virtual meeting), May 11—13,
2021.
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Coherent phonon/magnon generation driven by photoinduced phase transition

Je—LYNEBET 4/ VIEIILAKDRBEIC KD
ERSNIBFEHTH D YERZZETEHRT 2,
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BN BERZIERI LD Bt DREER%
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EE b TWd, BRI n < Ea#, 7/
A—=NMILDRT—ILICR T 2PEDHIGE % BRI A
BREEOBEFEMBEEBVTHELARE®D T £/ >
RRICBEBUIEHRZIT > TSl SEEIFINET
DIRZISICREI . BEMEAETH S YsFesOni
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SNDHES AT IV AZRANRNTERD, S SICEHIR
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EENFHE®. BREREVIa2L—YavickdH
K[HESY AT IV RDORRET > lce TDRER. 7 4
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F 7=, AT U T, FeNiPdPt (FNPP) &&lc & L
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A=K A XDV ZAEBFHRIT & D PEREFEI
BROBEKREEEBET 2 2 ENTRELH. ZDEIF
BOSBEFRORAEZ BED 5 & T b DRz
EHKFHEZ ps DRETRET 2 N TED, SEE
I DFEZFNPPERICEAL. HEBREICK TS
WAL DELZELIR L foo SEREKRD A EZRA BB
EANEHERAT B E T, ps AT —=ILOWLT 1 F+3 0
ADBES MR B EHF I N5,

@:t EF%& Publications
(REFHX)
1.T. Shimojima, A. Nakamura, X. Yu, K. Karube, Y.

Taguchi, Y. Tokura, K. Ishizaka, “Nano-to-micro
spatiotemporal imaging of magnetic skyrmion’s life
cycle”, Sci. Adv. 7, abg1322 1-7 (2021).

2.A. Nakamura, T. Shimojima, and K. Ishizaka,
“Finite-element simulation of photoinduced strain
dynamics in silicon thin plates”, Struct. Dyn 8,
024103 (2021).

@[ZEF K Oral Presentations

LENRE, TELERE, AlRkRE T, ‘BEXREFEM
BlICKBMMMISiERFOIL—LY NEET A/
VER”, BAREMEFRS F76mEMFHES, KR,
20205F5F
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Observation of inverse optical magnetoelectric effect

2o R BRI & B R BRI FRE AN R RF IS AL T LY
YETIE, KOETARDREIC K DAZEENE
tI2HBEDH D, COLSIBEZRROIEZESR
BIAZMR EMR, TNFETOMER T IRIL, FEA.
B EORIAZBE ICH T 2BRBMEAEN ERH
BIRRER > TS fco AMRD BRI A ZEBIE
ICRB T E2BEIHRINEZNRZEINT DI ETH D, 1
R ARERNLBIEREAZNRTH B2 HE RS FARH
4 (Second Harmonic Generation: SHG) ICF&L T
EXGBRMIAZNRIELZ I EZHE Ul

SHG (3 RIEE w DN AST U 7 BRIC, BRE2 w DHA
KA T DEBENFNRTH D, EXWBF (Electric-
Dipole: ED) SHG &. &K X% F (Magnetic-Dipole:
MD) SHG I $EE . mE DT HIC L > TIHERED
H 0%, HDAMICHIESIHEICIFED-SHG & MD-
SHGHA R ULAES Z & TCSHGHEBENER L., RN AHE
ICABT 2BEICIEBHEVSHGIIHI ST h b, T
MRTH B, MEHNEEEDRBEUMEERD &
ZICHEEREFIBRT %, U U AR PERNLE
B Tld. MD-SHGAYED-SHG & © 6 EEIIICHE <. I
HEREIGEEERETEZIEFENSKRDIENEET
H o feo RFARTIECuB O RYE & L T, Cu?*
AAYDA-dBREICHINT 2EHRA K14 eVIEE T
% SHG DAIE % 1T o foo BIE DFER. MD-SHG h¥d-d
BRICEL > THIENITEKR L. IEHRISETE D ED-SHG

MEEKS - 2H #1E Shingo TOYODA
RAMRE : QIRYUERIZERR Y5 —
BIFEAYIERRTRF — L
Gil=5-3WINIREE )
CRABEDRKESIAF O EERR U, £ER.
FHAFA. RBHZEYIRIRT 52 & T ED-SHG &
MD-SHG DO iIE & AIED I PIRE TH 2 Z & ZBAS D
ICUfco TS5ICAENIFEFA—DIREBEMEZIHDOER
HET T ©IMNTOMT DEISRERIC & D SHGERED
ITHET ZEARFERENEL D EEERL. FF
BEAFBRICE T Z2ERBIBMIAFZWROERIC
BIU fze
Fren&Falc. MNWOLICEWTIENILF 7 =
Ay 7HICEVWT T RENBIILF 701y 7
BENEET BRI EEBESHIC U BRI 1R
TTNILF 7040y VBENHEGHEDEICL>T
BEHMLTWBZEZHESMC LIz, Thnick b, &E
5232 EICED MERADEBRDMEICYILF
ZrxOA4YIEZESADIENTRETHDIIEEE
SEU foo CdoRexO7ICHE W TIE, SHG A X =YV J'iC
LBRAAM YDA —)LEBEDARILZEIT > Tco KD
SHGA A=YV I TIE/INILIERIS DEXRBRESIC
Lo TRAAM YU A—)LHKDESZRETH I L
WEETH >z, S EE 71 ILFIck>T. /NILYH
KOEBSERNAL. RXA Y04 —)LEEDES%E
ROICBDHIFEZRRE LU . TNICED KXY
U4 —)LZ SHGIT & > TAIRILT 2 2 ENVATREIC A -
feo MEDERIIRERBRXZEML TVWBERET
H>o



@55 L3k Publications
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1.Toyoda S., Fiebig M., Arima T., Tokura Y. and Ogawa
N.:*Nonreciprocal second harmonic generation in

a magnetoelectric material”, Science Advances 7,
eabe2793 (2021).

®[IEEF S Oral Presentations
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1.Toyoda S., Fiebig M., Arima T., Tokura Y. and Ogawa
N: “Nonreciprocal second harmonic generation in a
magnetoelectric CuB,O4", International conference on
Low-energy electrodynamics in solids, June (2021)

XVIII-008  Ultrasensitive Protein Analysis using Single-Molecule Microscopy

During SPDR period, I developed various types of
ultrasensitive protein analytical methods based on 3D
single-molecule imaging. For this purpose, we used
a home-built light-sheet microscope, namely PISA
microscope, that enables volumetric single-molecule
imaging in liquid, hydrogel, glass capillary, etc. PISA
microscope can image all molecules in the specimen
approximately 300 pm above the coverslip. Thus, this
single-molecule imaging platform can be employed
as a single-molecule sensitive detector of liquid-
based biochemical assays, which is impossible with
the conventional single-molecule microscopy, such as
TIRFM that can excite the molecules only coated on
the coverslip (within 300 nm).

This strategy was firstly introduced to slab-gel
electrophoresis. As for the limit of detection, we
confirmed it is approximately 0.2 aM, equivalent
to a few protein molecules per lane (applied sample
volume: 10 pL) and more than 10° times improved
than the silver staining method in terms of sensitivity.
Exploiting ultrasensitivity of our method, we
investigated the changes of single-cell proteome
induced by external stimuli such as oxidative stress,
heat, and drug. With a presence of these stimuli,
altered electropherograms were observed with the bulk
samples (~1,000 cells), indicating changes in protein
expression. We considered these electropherograms
can be used as proteome profiles of the individual
cell and used for the further classification of single-
cells, such as principal component analysis. With our
optimized single-cell sample preparation protocol, 63
protein bands between 15 and 100 kDa were clearly
distinguished from one mammalian cell, while 25
bands were detected from 1,000 cells taken by a
conventional gel imager. This result indicates that
our method improves not only sensitivity (sub-aM),
but also resolving power to analyze the SDS-PAGE

Name: Soo Yeon KIM

Host Laboratory : Laboratory for Cell Systems Control

RIKEN Center for Biosystems
Dynamics Research

Laboratory Head : Yuichi TANIGUCHI

gel. Finally, cell-to-cell heterogeneity in the extent of
proteome alternation against environmental changes
(heat and oxidative stress) was investigated. After the
heat-shock and the treatment of hydrogen peroxide
(cf. an agent for oxidative stress) of mammalian cells,
the over-expression of heat-shock protein 70 and
several protein groups related to the oxidative stress
response, respectively, were observed at single-cell
level, and higher variance in corresponding proteins
was observed at single-cell level than the results
obtained with 5 cells. Thus, our method is found to be
efficient to perform system-wide single-cell proteome
analysis without using mass spectrometry and
immunostaining.

Furthermore, I have been developing ultrasensitive
protein analyses based on scattering imaging. It is
recently reported that molecular weight of protein can
be inspected by measuring the intensity of Rayleigh
scattering of the protein molecules. Raman scattering
spectra of protein have been also used to obtain
its chemical and structural information. So far, we
have succeeded to measure the size of polystyrene
beads down to 26 nm from its Rayleigh scattering. In
addition, I have installed an imaging spectrometer
unit to our light-sheet microscope in order to
perform 3D single-molecule spectral imaging, and
succeeded to perform video-rate Raman imaging that
characterizes chemical compositions of materials
in a 3D manner. The established instruments and
techniques will be used to develop the new type of
protein analyses through scattering light imaging.
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Development of Na*/K* Specific Indicators with Raman Spectroscopy
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XVIII-010  Cancer Targeted Delivery of Peptide-Assembled Carriers Equipped

with Dual Aptamer Ligands

In the present study, the binding affinity and
selectivity of folate with tumor cell-folate receptor
a was enhanced by conjugating folate with in silico
selected peptide aptamer. The selected aptamer-
folate conjugates were chemically modified with
nano-drug to evaluate the efficacy and selectivity
on cancer therapy. It was found that aptamer-folate-
(nano)drug conjugates were showed 2 to 3-fold higher
selectivity with MDA-MB-231 breast cancer cell,
when compare with the control cell lines containing
folate receptor 5 and absence of folate receptors. It
is important to mention that aptamer-folate-(nano)
drug conjugates were exhibited 4 to 6-fold higher
efficacy with KB cell line with high level of expression
of folate receptor a while cancer cell SK-OV-3 with
relatively low expression of folate receptor a showed
2 to 3-fold anti-cancer activity. The detailed in vivo
analysis involving aptamer-folate-drug conjugates
is underway. Second molecule design consisting
of peptide aptamer-folate conjugates as a targeting
ligand were also optimized by in silico analysis. As
result, 10-mer peptide aptamer containing folate was
showed higher binding affinity with folate receptor
a. Chemical conjugation of aptamer with anti-cancer
drug molecule is under progress. Considering these
results, the strategy involving peptide aptamer and
small molecule conjugates as a targeting ligand is
proven as a promising strategy for targeting cancer
therapy. These results provide the detailed binding site
information of folate receptor «, that can be used to
design potential targeting ligand for targeted cancer
therapy. In another study, peptide (SL12) based self-
assembled nano-carriers were designed to deliver
anti-cancer drug molecules. Size and shape of peptide
assembly was studied in the presence of organic
small molecules (EtOH and ACN). These results
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indicated that addition EtOH in the aqueous self-
assembly process is enhanced hydrophobic interaction
among the peptide and peptide assembly, and thus
leading to form micrometer length nano-assembly.
The effect of EtOH on peptide assembly is completely
vanished under heating condition (40-60 °C). It was
found that EtOH molecule is enhanced the hydrogen
bond network of water molecules, that influences the
peptide assembly process. It was understood that the
behavior of EtOH is memetic with behavior native
osmolytes. Most of the metabolic functions in the
cell are controlled by organic small molecules such
as osmolytes and denaturants. These results provide
the platform to design nano-carrier with biomimetic
approach and, to study the role and function of
organic small molecule on biomolecular assembly
to understand the undesired event like protein fibril
formation and aggregation.
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Developmental events often take place sequentially
under the control of clock-like mechanisms, as
exemplified by the cerebral cortex, which is formed
by sequential 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 modifiers is part
of this developmental clock. I first showed that
the temporal pattern of NSC state is represented
by genome-wide H3K27me3 but not H3K4me3
modification. I identified that Fbl, a ribosomal
RNA methyltransferase, as an upstream regulator
of H3K27me3 modification. Fbl selectively
regulates the translation of mRNAs encoding

Investigating the Role of an RNA Methyltransferase:
Fibrillarin in Neural Stem Cells
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Host Laboratory : Laboratory for Cell Asymmetry
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Dynamics Research
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both the Ezh2 methyltransferase and Kdmé6b
demethylase of H3K27me3. Concomitantly, Fbl
depletion compromised change in H3K27me3
pattern and delayed the temporal progression of
NSC transcriptional state in an intrinsic manner.
These defects are phenocopied by the simultaneous
inhibition of H3K27me3 methyltransferase and
demethylase, but not either of them, indicating the
role of Fbl in the global epigenetic rearrangement.
Selective acceleration of Ezh2 and Kdméb translation
by Fbl is exerted via a cap-independent mechanism
of their 5'untranslated region. These results thus
propose that Fbl drives the intrinsic clock through the
translational enhance of H3K27me3 modifiers along
the regulatory axis of Fbl-H3K27me3 modification to
define the NSC temporal state.
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The cortical mechanism of hallucinatory perception
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Chemical Biology Study on NPF Transporters for Identification of

Novel Bioactive Metabolites in Plants
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feo EHICTNERFFIC, BIXAENRIRY 2ilE (18)
EZDMOMREMBICE T BNEYMOEN - BERNEWVE
BET 2 EZBRIC. (2) BEREBREXAYRO—
LY AT LAOREICHEDEATE 2,

(D E2VWTIE FEERE LET LERIEY > O
1AXF+ZXF DAY R—)LEEEE (IBA) Ei*{ANPF7.3
PROBAIGEICEHES T DARERICEDE. IROEN
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XVIII-014  Cell Plasticity and Reprogramming Human RPE
and Mouse Blastocyst-like Induction from Differentiated Cells

In 2021, Dr. Kime served as SPDR for 6 more months.
During that time, he continued leading his Cell
Reprogramming Team for his lab-wide collaborative
efforts involving industry funds to pioneer new retinal
regenerative therapies. During the first half of FY2021
that collaboration yielded definitive advances (under
NDA) through the first two-year milestones and
secured extensive funding through FY 2023.

For his induced RPE system (iRPE), the core
reprogramming system was established and studied
briefly in two new human dermal fibroblast lines (adult
and neonatal) and provided system-parity with the
original line for universal application optimizations.
All lines could induce the early reprogramming
toward RPE fate and activate the BESTI::EGFP
reporter, although non-reprogrammed donor cell
proliferation appeared to require more attention.
While finalizing revision for publication, the team
showed further iRPE similarity to RPE with important
marker stains, and additional cell functionality
evidence with a Rod-Outer-Segment phagocytosis
assay.

Expanding his pioneering of the new field of Synthetic
Embryology, Dr. Kime continued to serve as a
RIKEN Organoid Project Young Investigator. Further
analyses of scRNA data showed incredible in silico
similarity with the 16-cell stage totipotent cells of
the natural embryo beyond the study published this
year. Through 2020-2021 Dr. Kime has been in talks
with the US Food and Drug Administration and
will present his Synthetic Embryology Systems to
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them on November 17™, 2021 to invite discussion for
fertility and reproductive screening systems. Through
2021, Dr. Kime continued his NGS/Bioinformatics
with collaborators at Yokohama RIKEN to finalize
publications in Stem Cell Reports that were published
for an invited special edition on stem cell based
embryo models and another study (iRPE) undergoing
final revision at the time of this writing. The Synthetic
Embryology specific analyses won awards (merit &
travel awards) and were selected for presentation at
the ISSCR 2021 Annual Meeting.

Dr. Kime also served as a reviewer for Bio-Protocol
and the Development, Growth, and Differentiation
Journals.
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Bioactive Ligands-Based Neuronal Reprogramming of Human DFATs
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Elucidation of the suppression mechanism of asthma by serotonin
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XVIlI-017  Development of Time Resolved STM-THz-TDS System for Studying
the Ultrafast Carrier Dynamics of Graphene

In the previous fiscal year, I successfully introduced
an additional excitation to the THz-SPM setup
in order to perform time resolved measurements.
Moreover, I changed the power supply of the THz
emitter from a DC to an AC source leading to about 5
times improvement in the signal intensity.

In this extension period of FY2021, I mainly worked
on further improving the experimental setup of the
THz-SPM as well as studying the graphene on Au
sample using a low temperature STM. Getting the
highest possible THz emission intensity is crucial for
this project. So in this time, I studied the effect of the
modulation frequency and the duty cycle of the AC
bias source on both the signal intensity and also to
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the signal to noise ratio. By carefully adjusting the
modulation frequency and the duty cycle, I found
that there is an optimized setting for both variables.
I suspect that this optimized setpoint would also
be dependent on the tip as well as the oscillation
frequency of the tip and will therefore continuously
study this in the future. In this extension period, I
also studied that Graphene on Au sample prepared
by CVD using STM-TERS at ultrahigh vacuum and
low temperature. I found that these particular sample
showed peak splitting of vibrational modes as well as
the appearance and disappearance of defect induced
modes. I intend to correlate these results with the data
that can be obtained using our THz-SPM setup. I also



had a major contribution in using our STM-TERS
setup to investigate unambiguously identify the bond
formation at a single molecule level.
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Revealing the Behavior of Bose Gages in a Flat Band of Non-Standard Optical Lattices
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lF KEFHOBHRFZE—IKRFR - E—RFLAL
THRT M TH D, BAIE. T DQCGMZ = FEXKE
FhORANFRFeHArELESIET 77AML—h
AEVRODEFYIaL—ya N TEDIEEZ B
ICIXDMBATE fco TNET RADEBRRICEVWTE
FIERREDERDKERRETH > fco HFEBHDY)
HEREICE T 2RFED DR BEMEWHIEN
BERBHZTS I ENHETH >fco TDFEZMR
I EHICUTIRBIT22D0DWEET oz 1 DBIC.
FORT (Far-Off resonance trap) DE—LAR%K 2 Z
T BRTEROFZEZ EIF T ShEXIRTFOIEH 2
D DREFHZH2EICEL Uiz, 2D BIC. FORT & (&7
IS lic 2B N 2w 7 (dimple trap) Z&A LTz,
Dimple traplc & D &ZFsHohE% Lif T, PERETFT
HETFRHEERTEDLSIC Ul ML EDSEZERL
fetglc, (IHEZERZE (Phase-Space Density, PSD) %

REKS © JUR F Hideki OZAWA
SZARRE : EFAVE1—IHAREVI—
EFERIAFTIVAAERIZY b
(FFER ®/E R)
BMELEEZE.PSDMEZBZTHED, R—X - 74
V¥ 2144 Vi (Bose-Einstein Condensation,
BEC) LTWaZ &hbh o T,

SHEOAEHELTE BRSHPEROFRIAE - =
AXRTHOBRE-T v MEZAE (Superfluid-Mott
Insulator, SF-MI) %% OEA - BB MHEEERDOE
KZEZTVW5, 12HICEALT. £DBEWVWPSDZXER
ITE2HEELT EATEL Y X ZHAWE—-LARAE
Btrap DBA U, N+ Tiz#fbICED < dimple & F5
HORBELETS, 2DBICEL T, SF-MIEBIEHIEF
FICEASNTBEC DFHMNRIRZEVWTH D, NV F
N—07 & UT&<FAEINS, SEFMIEBHIRRT 5%
WERRFE QGMERRAIZ TS RVWERFZHEFIES
DEND B, AT AT —ILDOXBEREFBERET 5
ETBRICCDERBIIBREFEHTH S, 3DBICEAL T,
lattice shaking IZ & D RGEHMENZ N> R VI %R
ETDEFBEEDTND, NV RETEICEDE, lattice
shaking FF D& %4 BKE - ki - AHORBEH D HA
FEICRDBEAT,
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Elucidation of mechanism for maintenance of H3K9me3 and transcriptional repression

by the histone modification

EXRYH3UIYIOBEHDXFILE (H3KOXFIL
) FREMNSIMEIEE X BT, BEEFIEPS
J LAREMOHRICEEE T %, BMALEICIF5EDDH3KI
XFILERHIH O (SUV3OHT, SUV3IH2, G9a,
GLP, SETDB1). ZNZ#NDOH3KIX FIL{LERD K
BREECHEEIMCICHENGEEEZET 5, .
H3KIX FILLEERERF Glpo DT ARBIFEXRST
EORZERE Z & T 2 KleefstrafEERE O REHE
FEFELTHASNTWS, ULEDKSICHIKIX F
JMEIEIER GRS LR BRY O F VEMTH
%o HBKOX FILLIERU Y FOX TP~ TV AR
VYR EDEBERNATOVOYFVICEBLTWS
D EEDIFERD S HIKO X F UL IF BRI 55 (T B
957/ LREPESNERESZAI /- XYk
(B compartment) [£6 % < F&E L. H3K9 X F )Lt
NEAIRTIBEEBEET DI ENPESHNICHE>TE
Teo UMUL 5DH B HIKIXFILILERMNED L SIC
H3KOX FILILZHIE L TWB DOHIETEEICIEEAS H
TlER W, REE LR HIKIOX F )L EEER D K IEMAD
P KleefstrafERBEE D ET /LY 7 A DERMABICE 1T
2 H3KOX FILLIRBEZRIE U, BFH3KOX F LB
RNENE T 25/ LEEZFANR H3KIX F )L
HoeBREzHESMNcTBDIEZBIE LU,

BFHIKIXA FILbERZRIEH D WIHEELEY D
R R MRS (MESCs) &1 2 H3KOX FIL{t %=
ChiP-seq ¥ ®EFE(IC & D BT U FiER. SUV39hl/

MHRERS : f8H E  Kei FUKUDA

RAMEE : FRHRFARER
EBHRECEMRE
(fTER BB ¥-)

h2[EXJ > hAOX7¥ B compartment ® H3K9 X
FILEICEETH S —F. G9a/GLP (FEEF R
dAYII\— KXY KN THSA compartment D H3K9 X
FILMLICEETH D Z ENESMITRR - 7z, Kleefstra
FEREDETILNTRATHBGIpATORIBEY T RIC
FEWTH, A compartment FFEH IC H3KO X F L1k
DIETHEES N, ML EDFER. H3KIOX FILbid#
RIAVN=hXAYMCEDERZHEERITZD N
BHSMCRD, COBRER/IXELTHELL" S

@55 L Publications

(REFwX)

1.Yamada A, Hirasawa T, Nishimura K, Shimura C,
Kogo N, Fukuda K, Kato M, Yokomori M, Hayashi
T, Umeda M, et al: Derepression of inflammation-
related genes link to microglia activation and neural
maturation defect in a mouse model of Kleefstra
syndrome. iScience 2021, 24:102741.

2.Fukuda K, Shimura C, Miura H, Tanigawa A, Suzuki
T, Dohmae N, Hiratani I, Shinkai Y: Regulation of
mammalian 3D genome organization and histone
H3K9 dimethylation by H3K9 methyltransferases.
Commun Biol 2021, 4:571.

3.Taguchi J, Shibata H, Kabata M, Kato M, Fukuda K,
Tanaka A, Ohta S, Ukai T, Mitsunaga K, Yamada
Y, et al: DMRT1-mediated reprogramming drives
development of cancer resembling human germ cell
tumors with features of totipotency. Nat Commun
2021, 12:5041.
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Exploration and Control of Supercooling Electronic Phase in Orbital Degenerate System

FEFHZICRBEINICEFIF. EFOEENH (BRED.
FEED (H18). BERES (REY) D3 DDBEREIK
Lo TRHHDOITS N2, EBHEF. BEFHNEDOH
BEREIRTZ2NMAOEHELEEREIND, EEHEIL.
B - AEY - RFERELHEEZ LT, BEBEE.
BEARHBSKIEMMR. BIHEEDRRERLBRBERD
HERICEERRENZREUTE e, AFREETIE.
SAFEZAVNS I LT BERERRICH T 21B/5H)
REFHEZRAIZCEZBANE U, SEEIREIC
RS RBLEED/8REICET 2MAZHE
Lo

ALY SRBEERIE. Ty MEEAETH D RA
WHERBIEICEEEDF vy VP EZFEATDIET,
BLENEUZ—EOYEHDOI L ZiET. N—EY
TENX=1/8EFBICEVWTRA M1 7HEEFIEN
3. =)L & REEHMRRFE DI A TEEEDE U B 2 6.
BEEGBEENZULLETIZ LTS TW
%o COANZA THFIF BB TOBERGHICL >

MREKRSA - I8 BN Keisuke MATSUURA
ZAMRE : AIEYERZERREY 5 —
HEVMHERZMRTOT S L
BMWEIRYMEMEI= Y &
(FrER B £%)
TRERTZIEDHSNTWS, I T AT —Y
Tld, BERERERBICE > THNICERET S &
T, BLEGEBRECARBEIRICECNHEZNESH
TN, BILEDHRBEDENBWEE SR TS
WRBDfeH, INETEAERTHWTE12/#LA
E7O—T TNy IS0y RRKEL AIELH
HTHolco T T HMILAIEEENTOIO—T D
YT VI EIRUIc, ZDHER. BLEREDE
DINSVWARBTH, REMEEZFHET D &N TEDS
L3I olco 2OFO—TZBAWVWT, BEE/NLZEH
Dbz L 2 hS. BE/NLARIERTEEALE
ZULBWZ ENDDh ol T, BLRIE & WITL
TEDHTW e, EHAFROBERT YV A ARS Y
NDIIE EFANET U AEBHCBELTL —Y—%F
WeBARBRET > o L—H—/CLRBIE TIERO
ZllFHSniaholc. REB TR BRBSEZE
B ENTETVRYN, SERIEF, BRZEZ ARG
ExEBEFHE L TR LTWS,

XVIII-021

My works in this year have been focused on the
topic of disk formation around massive protostars.
One of the research projects I am conducting is
analyzing ALMA and VLA multiband data of massive
star-forming region G35, which contains multiple
cores aligned in a filament, substructured disks,
ionized jet, and molecular outflows. In this source,
I utilized both new data and archived data in wide
range of frequencies, including continuum, various
molecular lines, and radio recombination lines,
to understand the photoionization feedback, disk
formation and fragmentation, binary and cluster
formation. These phenomena were studies using
similar methods separately in different individual

Star Formation across Mass Spectrum and Environments

Name: Yichen ZHANG

Host Laboratory : Star and Planet Formation Laboratory

RIKEN Cluster for Pioneering Research
Laboratory Head : Nami SAKAI

sources in my research in previous years. Now I am
using the combination of these methods to gain a
comprehensive picture of a much more complicated
massive star forming region. The results show that this
region there are about in total 20 low-mass protostars
forming around 4 massive forming stars. Among these
massive forming stars, three of them are embedded
inside a large (5000 au) rotating structures composed
of streamers connecting these protostars and outer
filament. 2 massive protostars further form a closer
binary system, fed by a unstable disk fragmented into
spiral arms on the scale of 1000 au, traced by different
molecular lines. The innermost regions, being ionized
by the massive protostars, are traced by free-free



emission and recombination line emissions, which
provide information on the accretion kinematics on
10 au scales. More uniform following-up observations
of these sources and wider range of sample are being
planned, aiming to better understand the chemical
pattern and use the chemical pattern as a tool to
understand the physical kinematics and structures
of the innermost regions of massive star formation.
Together with my collaborators, I have proposed an
ALMA large program to study the accretion and
feedback in formation of massive stars. The research
team composes of 24 international researchers, and
I am a co-PI. This is my first attempt to build a large
collaborative team to conduct large observational
program using the methods we gradually developed
over the years. Although this proposal was not
approved this year, I will try in following cycles,

and this outlines one of main efforts I will make in
attacking the question of understanding accretion
process in massive star formation.

Besides this series of projects, I am also working on: 1)
Analyzing ALMA and VLA multiband data of massive
star-forming region IRAS07299, which contains a
central binary system with individual disks fed by a
common accretion flow on larger scale. In particular,
in this year, I successfully applied VLA observations
on massive star-forming region IRAS07299, to
extend my observation studies from sub-mm/mm
wavelengths to radio wavelengths.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.

XVII-022 =a2—F) %y b T —7 BROPGE R TEA R 7 9 5 RS O i

Computational Role of Deterministic Property in Neural Networks

ABEPEMEEROREANZHEE L. BEYRITE
HEBIENTED, Fic. REODREANIFBICIE
LWERRS T TERUEZ B CERNRANTH
B2EDEZWV, ZOLSBAEEEZEATEREAN
ZRTIBRICH NBPE3YIEERANZEBYICHRE
L. RERBREWET DI ENTED, BENICS
ZIE BRINHEBL. LAEBHERZ L TERD
WMEBEL VDI EIIHBLTWS, ABCEYIC
BWTHASINZ ZORRIFTELANILTRIZEEIC
BayesREIGEWHEE UTRART ZENTE, R
IC ABY 8 Bayes RBIOEWTEI R &2 2 ENE
CORMNSREINTWVWD, —F., INEARERICH T
ZHBEHLANIICHEWTH Bayes MBEREEETTD
CEMREFEDERICEVWTERI N TWS, HLIFZ
D& SBREEREZ - fimE BTS2,
HROBEENMEX Z2NEZHAUOMRBEEEIEL .

AREKSL : FFH B Yu TERADA
RAMRE | MEERZEHREY 57—
BORNBI AR T — L
(FFBR &R K&D)
RIS, R OREROBDEENSELCDESE (OA
AMETAFIVR) ZFAL. NFTA—YDERZIT
SEOBFFAUNEZREU . EROBEENRY 1+
JAEFRBULREEFRTEBL, Z2—Z)ILRy T —
VORI A F IV R2FALEZFUNZRAVWS &
TLEREDIRINEDLSICERINZDH. BEL
ZAT o Ic BT )L OISR & & D B EER
TOMAZFRWTREMNICANTNS,

®[IEE3k Oral Presentations

(BR&®)

LFHEB, "ZRBERHIT —9D 5 DA OMETRYHE
EFREMRET —IAOEM), BBEAKEETVY
J'tH9E% on Zoom: Workshop on multitrack event-

trains in neural, social, seismological, and financial

data, 2021588, AV >y, RIFHE.
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Active matter physics of biological cells and their mechanical control

FOT4TYIT NI —YBZOHEINS, MED
AU RCERT D2EFBARZ T4 o o, MR
DFE—FI—ICLDNERICI DKL EEBETRT,
FOLESBMERY A U0, YWEELICE] - 728
BEFIEBEIT DI CIF. RECHBERI ETER
Wo MDD LS ICERNICEETZ T VT 1IN —
. FOHOBEENEENICHEERL GEET 20N
ERRERDEIN S, ZOERT DHDOEMAIEE
O&ERB%: ZEDESBTA—ATV—DFHEDHET
EDLSICEBZERBTEZONZEBETIERWN, &
FEEF. EiC. (1) MHEABTOMEERDONESY 1 F
YR (2) EFEBRNTHESEORT T/ AT —
WIRE VR (3) RN RIBRY 1+ 30 X (4)
ZHOMBENRIT NI VERDT A F IV AICDWT
ARZZEITU T,

(1) HEASFTOMBEERDANZEST A FIT X
TPOFUTATAVYRNEZAYYE-F—ICED
BEINZTINIAVYVEEDOEBBEREICDW
TERMAEZTofco —MRICT IV FUMBEDLS
ICHR WY E BRI T EED BRENHIR
INZfedlc, BRATICIFERLIC L. LH
UDTIFVTATAYNCHEEGULIEAY Y E—
T —DHERMN A THNIE. ZTDO LS BEEN
ICH BB > TREKRBENHRTZCEZINE
TICASMT Uz B, PUFV T4 TAV N
MNEEICKIFTHEERL. #7885 REEAN
DEBOFIE THEREFNELNT I EZRU.
ZOREFEZ 74 XY MDA S DEREICER
LTI 2 &I UT,

(2) AFEBAN THREBRORYT F/ A T—ILINY VTR
vavYavNIROREERREICENS ./
A—=RMILAT—=ILOEENED LS ICENZDH.
FREREFICBRASNCBEROGEERNED LS
B ERIINZ OO ZHECDFEAZETI
ZAWTHANC, ZDHER. 77 F U lHEZE
BEBRFICLOERT /77 X9MIBEFIRIC
WO, SAYVE—F—EEHOIERTREICL D X

AREKS © %27EME 788 Mitsusuke TARAMA
RAMRE | AR HRtE Y 5 —
T4V AINNAAOY—HERF— LA
(FAER 5H &X)
NoA THEEICEERET DI EZASMT U .,
(3) MENTRIBIRY 1 IV R
HIEAI TORDERRBEDEREREZHBIRT 2
ETIOBEZTV. REROHBEEENRF
IC & B HIEHEEOIREEZIERBNICER Ui, X
fo. BERRICEWEARDT / LD X N AEHHN
ZbT 2RBHERICH LT BRLBERBETIVIC
LK BBITZEITV. ER N VEMNZORRICKD
flchTcnwdZ&zRUT,

(4

~

SHOMMENRI N VRO A FI I X
PREOHREEN R HEROBEZHIEET L
IEEDBRL. 20/NY VB OEIRICI U THE
WNLBEBRZES R T, Rlc. REBERICERS5N12
HOHEBENNY > DTAF Iy I RBREEBRY
B LU,

O@[5EF K Oral Presentations

1.Tarama M.: “In silico study on cytoskeleton structure
formation”, RIMS Workshop Mathematical
Mechanobiology, 2021/07.

2EEETE. REEX EHEEXR EEEH: “1H
ZREWCBITEHAITZRKOTAXICEBER
IAFIEHE", BAMEFR 2021F RFEXRR,
2021/09.

3.LREMEARE. REERXR: "E—F—EHREICLDTIF
VDR EBET R ENER", BRYEZ S 2021
F MERR, 2021/09.

4. ZREMEFTE. hRARF EEEX: "ZUNJPHE
ICRF2HREMENBCHERBL I 2BNFEERE",
BAMEZR 2021 UFEKRR, 2021/09.

5.Tarama M., Nakaya Y., and Shibata T.: “Dynamical
network structure formation of mesoderm cells in
early chick embryo”, 5598 HAEYYIBEFREF
=,2021/11.

6. ZFEMFTH. SEEX BRI FBNEYIaL—
2aAVIcLB TV FUMMDREREEDEM ", $Hi4
BIRAD FEVFRFR, 2021/12.

7. Tarama M.: “Modelling cell crawling by coupling cell
mechanics to intracellular chemistry”, Pacifichem,
2021/12.
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8. ZIEMoEE, BIRBE. KHEXR MXE: “ 7V
AVVOIVOEPEBEEY 3T Y 3N IHRRE
R, BAYBESE770FR K=, 2022/03.

@R X5 —F K Poster Presentations

1. Z BB, EHEXK: BBt FHNFEIIaL—
VIAVICKBT U FUMMOR EIREEDR ", F44
EIBAD FEYMZESFR, 2021/12.

XIX-002 Spectral Analysis, Analytic Number Theory and Applications to

Machine Learning

The Riemann zeta function contains deep information
about the distribution of prime numbers. Similarly,
the L-function of an elliptic curve contain
information about its rational points. One of the most
mysterious places where arithmetic information about
the underlying object resides is the location of the
zeros. L-functions are seen to have all their critical
zeros exactly on the line Re(s) = %. We do not have
a proof of this fact, nor do we have a good guess as
to why this might be true. This is the (generalized)
Riemann hypothesis. One of the critical features of
the L-functions that seem to satisfy the Riemann
hypothesis is that they have an Euler product
expression, given as a product over all prime numbers.
This is in addition to the Dirichlet series expression
and the functional equation they all satisfy.

Together with Thomas A. Hulse, Li-Mei Lim, David
Lowry-Duda we investigate the L-functions of half
integer weight modular forms, which have the critical
property that they do not have an Euler product.
However they share many properties with L-functions
coming from integer weight modular forms. We
numerically calculate and tabulate the zeros of these
L-functions. Show that many of these zeros are not on
the line Re(s) = Y. Yet they still show some structure.
New conjectures can be made with our data. We also
introduce explicit algorithms for computation.

In machine learning I am working with the Bayesian

Name: Eren Mehmet KIRAL

Host Laboratory . Mathematical Science Team

Generic Technology Research Group
RIKEN Center for
Advanced Intelligence Project

Laboratory Head . Kenichi BANNAI

Approximate Inference Team led by Emtiyaz Khan.
The Bayesian approach to machine learning is that
for example instead of following the gradient descent
of a single value of parameters in a neural network,
we follow a possible set of distributions of the
parameters in probability space. This allows one to fit
the training data, as well as keep the future options
open for life-long learning. We have understood the
Bayesian learning problem as finding the distribution
in a predetermined low dimensional manifold of
distributions (such as Gaussian distributions) with the
smallest Kullback Leibler divergence from the exact
posterior solution in the space of all distributions. We
have also understood the natural gradient descent as
second derivative regularization in the distribution
space. Our goal is also to give meaning to duality, as
observed in support vector machines (SVM) in this
nonlinear setting. That would allow us to note data
points that were critical for learning as well as give an
underlying representation of data, which may then at
the testing stage point out the training sample which
it was most similar to for decision making purposes.

@ Publications

Papers

1.Kiral Eren Mehmet, Kuan Chan Ieong and Lesesvre
Didier.: Subconvexity for twisted GL(3) L-functions,
Acta Arithmetica in print*
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Exploring the structure of the quantum gravity and the mechanism of the spacetime emergence

through AdS/CFT correspondence

KEERIT XY AHDOMRES EEHDOREED &I
EN2BEOXMERWCAERICL>TIT Ty IR—
IWOBEREEZANCHARETET DI ENTE .,
72y I R—ILOBEREEGR TS v I R—ILIETE
NDMEIC &K > THawking 5T & FEIE N 2 2R s =
U, IXRLF—ZRVREHISHEBRLTLES 2 &T
72y IR—IILASRICEE nIcBHRNKRICK DT
LESDOTRBVWAEWSHEETH %, IFRDIRER. 7
Zy IR—)LABICEEINBERELZTEITZ2END
BREENCESII2HEOXMON, 7T v IR—IL
AL ENELE DR T—LIR—=ILHNEBREE =R/
U. 72 Y 7 R—ILABOEBRIANBICETEHEND
CENHIBALT, COERRBETFENNBERZIEBM
HICEZDR/UHRBANZZALZBELTWS I EZRE
T3, KEEBR¥EIFIZIDT—LR—ILBENEFED
DIVOBEHENS., FEORABMERIHE D ILDE
IXILF—YPBOERICMAICENZNEVWS L%
MUl AU KBEZARAOFIHERS & 2
FEHOEEBENAIEOERE IR 1 5. Spectral
form factor EEIEN 2 YMEBEEX LD —KILL. ZD
HEZHRANc. FEEOHRBRICEL > TIHRRE
TADS/CFT CIRZEFENERDBIE S RFEAERD X
WXL IKEDE EFENOIVOBEHRENS
RZENED LS ITERSINZ D FleEnh Wi ME
HREZEBNICER D EFENORHEBRANZIL
EBDL> TWBHESNICKRD, LR EBEDER
ICARECHEDIL ZENTET,

@it L% Publications

(R&ZFHw)

1.Goto K., Nosaka T. and Nozaki M., “Chaos by
Magic,” arXiv preprint:2112.14593

2.Goto K., Nozaki M., Tamaoka K., Tan M. and
Ryu S., “Non-Equilibrating a Black Hole with
Inhomogeneous Quantum Quench,” arXiv

MEEXSE : % BFEA  Kanato GOTO
RARRE : FEAETOT S A
(FTER #HAES)

preprint:2112.14388

3.K. Goto, A. Mollabashi, M. Nozaki, K. Tamaoka
and M. Tan, "Information Scrambling Versus
Quantum Revival Through the Lens of Operator
Entanglement,” arXiv preprint: 2112.00802,
submitted to Journal of High Energy Physics

4.Goto K., Suzuki K. and Ugajin T., “Factorizing
Wormholes in a Partially Disorder-Averaged
SYK Model,” arXiv preprint:2111.11705 [hep-th],
submitted to Journal of High Energy Physics

5.Goto K., Nozaki M. and Tamaoka K., “Subregion
spectrum form factor via pseudoentropy,”
PHYSICAL REVIEW D 104, L121902 (2021)*

6.Goto K., Kusuki Y., Tamaoka K., and Ugajin
T., “Product of Random States and Spatial (Half-)
Wormbholes,” Journal of High Energy Physics,
Springer Berlin Heidelberg, 10(2021)205*

7.Goto K., Hartman T. and Tajdini A., “Replica
wormholes in an evaporating 2D black hole,” Journal
of High Energy Physics, Springer Berlin Heidelberg,
04(2021)289*
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@[ZEF K Oral Presentations
(BRER)

1.Goto K., “Subregion Spectral Form Factor via Pseudo
Entropy,” YITP Two-day meeting, Yukawa Institute
for Theoretical Physics, Kyoto University, July 2021

(EA%Z=

1.Goto K., “Holographic principle opens up new
horizons in physics” RIKEN iTHEMS outreach
workshop, RIKEN iTHEMS, July 11 2021

2.Goto K., “Quantum Gravity and Cosmology,”
Keihanshin Black hole Workshop, Awajishima,
August 2021
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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

Th-229R F R D E—MRAEM (Th-229m) (R
ITXILF—hH8.3 eV LImIKICIEL o6, BEBEERER
FREFANOGANEFINTWD, KRR TIE. &
ROFEFEZEFTORFEZBEIEL T Th-229mEAEKD r
REHR TS THRAL, r MRHOFREZRET
52EEEEBLTVWD, AEREFO/ESIRILF—
M Th-229m O FPE T RILF =T DHFE. Th-229m
Fr R R I. NERERIRIC & > TRIEEIC BRI L
TLES, BFOHAIXILF—IBRIXILF—&
DEBWREZED HI csdlc, AR TIE. "OTh-
229z A AV DRETEERICN T Y T B &)
&L T@Th-229m %z /N> RF v v FDOKRE W CaFif
BICN—TF22&, O2BBEOAEEHEL., Th-
229mO r = A TWH AT S & 2 BIE LT

DIZDWT, Th-229m « # >~ % U-233 &R H 5
BWHECTEERPRICS EHT LHICHERRFH—
Ry NAREIEEZRAFEL. Rn-220P° Po-216-1 A
VEBENHMULS A THERLLEIEHT I EICR)
Ufco #2LU T REDTh-229M A A v Z5|E2HT =
HICHBEZKEE (9cm) - EHREIREE (600kBg) D
U-233# R ZBH L. 2IH 5 Th-229m 1 #+ > %3]
EHIEREFRBLUIc. SBREAAVYNT Y TEZRE
LT, REDTh-229mA AV % kS v 79 2REIC
BOEEFETH S,

@IEDWTIE, Th-229mZ Ny RE¥ v v 7D K=
WCaFfERIC R =TT 5 fcshlc, B DPa-229%
CaF,ftRIc R—79 32 &z BiE L. KFEEIF. Th-
229m D r @ ERE T 2O DEERAN AT LEES
BRT B EHlc, Pa-229% 1 4 1L L T CaFafE & Ic
BIXINF—THEAD O ORBEERE A AL A
FAUIMEREBZRAAE L, LT Th-2329 -7 v

MRERE : A EKX  Yudai SHIGEKAWA
FAFRE | CRMERREHR LY 5 —
R | ISFIRFRBSE
BALSHFRF — s
(FEE I8 EH)
FAOEIXILF—F0 N VRS DES N Pa
229ELEMBIEIC &> THBBRL, FREEE
FWTI10kBgEE O Pa-229% CaF AT 51A L
Z LR LT, ZORRHNEAN THTHEER
55 L. Th-220m o r SAEH S N8B KA THH T
F— 5 ERET BT ENTE S, SHIE. REOER
BPWE EEBMDERZEML. Th-229m O r #RDEAHE
BEAERET,

@:t EF3K Publications

(REFHX)

1.Shigekawa Y., Yamaguchi A., Suzuki K., Haba H,,
Hiraki T., Kikunaga H., Masuda T., Nishimura §.,
Sasao N, Yoshimi A. and Yoshimura K.: “Estimation
of Radiative Half-Life of **Th by Half-Life
Measurement of Other Nuclear Excited States in
2Th", Phys. Rev. C 104, 024306 (2021).*

2.Shigekawa Y., Yamaguchi A., Sato N., Takamine A,
Wada M. and Haba H.: “Measurement of Extraction
Time and Efficiency of *°Rn Ions Using a Cryogenic
RE-Carpet Gas Cell for the Chemistry of Superheavy
Elements”, RIKEN Accel. Prog. Rep. 54, 145 (2021).*

3.Shigekawa Y., Yokokita T., Komori Y. and Haba
H.: “Production and Photon Measurement of **’Pa
toward the Observation of Radiative Decay of **™Th’,
RIKEN Accel. Prog. Rep. 54, 143 (2021).*

@R A5 —%3 Poster Presentations

(Fx

LEFAEX, IRHEE, ILOKE, Yang W, Xiaojie Y.,
FASRBAGA, (EBRE, FIHER, PEEFE: “Th-229m D
EZREOBRBICE T SRR AVYINE - BEE2D
BEEBORE", HAKSHLZ 655 HS (2021),
*Ar oA VR, 98 (2021).



XIX-005 JFGEOE R - RNERE R ADILAREEIE D SRS .

T 7z - AR

Exploration of Universal Star and Planet Formation Processes through the Studies of Chemical
Sructures in Protoplanetary Disks and Exoplanetary Atmospheres

SETIC4000BU LOKRBRAZRENERE SN T
WaH BEPEESENEROXERKER CHAR
HREDDBEWV, ZITRAREZEENICFHATE
S2EHOBENKRDHESNTWD, TNICiE, KEFK
HHEC BRIMRERAE (MU, "FAR") OBELElL
=, BREBAOMAN SBAT Z2ENNETH D, ©
DR THRALABABLLVZORIEEORBEL VAN
A—7ICE&EWVWT  HO0ZIF U & LT FOMBB D
ER/ =Ty (BEXRE) OUBZHD I &F. =%
E - ZERABE®. #IR EOKOEERYORRZE
g2 L TEETH D
(1) HEROAARES DR ZHLRL. X/ —F 1
VB AFHEBAmOENNERS I EZENE LT,
M- ToRO-70%5 2 M (B - i - 55 T) -
FOEOREZL - X BRIUVEEREICLZHESLIE
REBULETIBERZED TS, TU TRENIC
[RIREERFED S FBBUREF TOYEBE L LEBE
OREECZRRFICKS ETILZBET Z L2 BIE
LTW%, 2021 FEFRIFEN SO BA TWBRIR
EE R EICER U ETILETE DR A M L.
2 MRERIG. RXR&UV BRI & 2BIRRIGR
EEWD AnfF#ElRMbZERIGRY NT— VS EET
IDBEREEROHEZED I, EFNSDER%E
LT, FLRBREDOXERANABROT Y RO—
ICRITBIEFENICEZDHEICODWTERLILTED
B (Notsu et al. 2021) = F & T,

WITLTLERDETILVEHERROBREEN L. AT
BRORABMERS & ULERHBERED CO, H0
R/ —=ZAVNBZRDZEZENE U ALMAEER
NFERRADRRET o lco TORBAIRRIIESE
ERTCERSI N, REALMAZREIC K 28N ET
HFTH %,

(H522) FIRRERABEOCZEEDIER I, FREA
RUOBRERRBAUZHERT 2 L THLEETH 2, (eg,
Notsu et al. 2020, MNRAS, 499, 2229) & & T&
FOHBESEXEE (e.g., Ueda et al. 2019) &
&S ARNDBRAMICEET D2BEEANEFET 215

MREKS  BFE HIKX  Shota NOTSU
RAMRE : FHHRFFTAL
RHE - RETHARE
(FFER IRH mx)
B FOENSORFANESN DB TEBENEHRS
. AEAAIERICE W THERGBEENEREI NS
A REMENTRE E T3 ,0hno & Ueda (2021) (&,
H:O R/ =54 VHETDY XA NBREICHES #8E (B
BRI OFED BREVEICEOKRERI DM
BEZSECHALSZEERU. UM U ZDFEX
TREEDFOMEREEZE LI LT FNZENOHEE -
REOHAZERUCEMBEZETILERRBLTED,
MARZEROFM I PBEEIRLEBSNTIEREWN,

ZITHRFESIE (R1) TEEZEDTEIAX-
FZAMEZERIERY NT—05EETIL (e.g., Notsu
et al. 2021) ZRAW- LT, EBEZF DT Tauri A
DREEDFHFHEFEEEHEZTV, TEDTFOHE
B iRR-BRTRMEMEL (C/OL) OE(LREZRAN
foo D LT, BESFHEBOFEMEY. BEEE - W81
PR E OMREICH T 2MEFEDRR G E &
HTWB, CNSDEHERER - BREZ X EOHICETWR
XIF2022F 5 ICEFiam C RTEEH TH S,

Z DM, RBEXRE - RIARERABRO D FIERE
Al (HOMBI87% &) DA TV RBREVWSEARL S,
BEHORNER - ERERFYEFTE (GREX-PLUS,
SPICA, ngVLAZZ &) OERICHBEESIML TW 3,
2021 F(CIFFRBERABOFRERIMR - RIRNRER
BCH I ZRIZEB T —V & £ & D HEER (Kamp
et al. 2021) N"ZE - HRE Nfc. F7c GREX-PLUS
IEDWTIFRIZIEET X >V )\—& U T2021 FEh 5 RIEH
ICE&MLTW2,

@5 L Publications
(RZEF)
1.Shota Notsu, Ewine F. van Dishoeck, Catherine
Walsh, Arthur D. Bosman, Hideko Nomura: “X-ray-
induced chemistry of water and related molecules
in low-mass protostellar envelopes”, Astronomy &
Astrophysics, 650, A180 (2021)
2.I.LKamp, M. Honda, H. Nomura, M. Audard, D.
Fedele, L.B.F.M. Waters, Y. Aikawa, A. Banzatti,
J.E. Bowey, M. Bradford, C. Dominik, K. Furuya,



E. Habart, D. Ishihara, D. Johnstone, G. Kennedy,
M. Kim, Q. Kral, S.P. Lai, B. Larsson, M. McClure,
A. Miotello, M. Momose, T. Nakagawa, D. Naylor,
B. Nisini, S. Notsu, T. Onaka, E. Pantin, L. Podio,
P. Riviere Marichalar, W.R.M. Rocha, P. Roelfsema,
E. Santos, T. Shimonishi, Y.W. Tang, M. Takami, R.
Tazaki, S. Wolf, M. Wyatt, N. Ysard: “The formation
of planetary systems with SPICA”, Publications of the
Astronomical Society of Australia, 38, €055 (2021)

(Z D)
LBEAKN BEERREIVNO—TEMBRDLE
L HOR /=4 v ERIDE X IR, KX AR,
vol. 115, No.4, p.252-262 (202253H20H%4T)

@[15EF K Oral Presentations

LB EZH K “GREX-PLUSIC KB HREHY AT VR,
GREX-PLUS U1 TV X&5T= FY2021, BiF#E, B
FEAAFEREREF v/ A+A Y Z1Y (AT Uy
NFafE) , 3824H-258 (20225)

2. BEAK  HOR/—FAVUERICEBERF DR
RRE XA OREER{LFEE ", FEMEE UL
EEBERICKZ/INTIILY TN KRS, 2EE
KEHILF VIR & ATV (AT Uy REE#E),
38148 -18H (20225)

3.EFEAAN  TINERBECHFRIBREFRE K G
DTFOER", FEERBHRE Y VRITA2021, B
HE, ATV, 3B7H -88 (20225F)

4. 592K, KEMIE, EHS, BFN%F, Catherine
Walsh, Christian Eistrup : “H.O R/ —Z 1 YV LUZEIC
EREER ORBXEXAMROFEMEEBESIL &
BN TR & BEEE - MIEA L2 HEBIKREE", HAX
XER20NFEZER, B - XERB(RHXER
M%) v 3> P228a, AV 51 VBfE, 382H-5H
(20224F)

5. 52K EXETR, 2021 FEHRFRKEY VRS
T T2030F OIS FEE E ST 20D |, BEFE
B, AT VB, 28213 -22H (20224)

6. 593K, Ewine F. van Dishoeck, Catherine Walsh,
Arthur D. Bosman, HNZET  “BESERHEET N
O0—7 (M%) 05 FHEEBICH T DX RMRET DL,
20214F 2 - XEXBM Rz eE%, REZY T2
EBE (RFEA), 128270288 (20214F)

7.8%;2 H1 K, Ewine F. van Dishoeck, Catherine Walsh,
Arthur D. Bosman, HNEF  “RESERKEI N
O—70 50 FHEMICH T2 X IR DL, F34[0
BRBYVRITA 2021 KB TA T 7 TILIF3
FHYEORREN ) , A5 VM, 128228 -24H
(20214F)

8. BFEAIK, lEHER, KEMLIE, BNZEF, Catherine
Walsh, Christian Eistrup : “H.O X /—Z 4 > BU&RIC
FEEZRHORRRERAROKRERLFEBE", X
BREREEFMES 2021 (SSBW2021) , ATV
R, 118118 -128 (20215)

9.Shota Notsu : “X-ray-induced chemistry of water and

related molecules in low-mass protostellar envelopes”,
RIKEN r-EMU (Evolution of Matter in the Universe)
Workshop 2021, 7> 5 VB, 10818H -19H(20214F)

10. 52K, tEHBE, KBMIE, FRF, Catherine
Walsh, Christian Eistrup : “H.O R /— 5 Y LU&EIC
FREERH ORKEXERMEOREARFERES, H
RREMZR200FEUFFERE RIAXERMRE
1 Evar 004-04, A5 VEtE, 98160 -188
(2021%)

11 B3R, IR HFESE, KABHESSE - RS L8 —R 0D
D TEREATRS, RIBET VY RO—TOERHRL
{LENEREDER", BARNER 2021FNFEEFR
PEEYYaY  RERTTIVR-TIANILYH L8
—3% Z117a, A> 5V FtE, 9R13H-15H(20214F)

12.Shota Notsu : “X-ray induced chemistry of water and
related molecules in low-mass protostellar envelopes’,
Astrochemical Frontiers 2021 - Quarantine Edition
2, AV ZAVFIfE (EfETAU Commission H2
Steering Committee) , 7H5H -98 (20214F)

13. Shota Notsu : “X-ray-induced chemistry of water and
related molecules in low-mass protostellar envelopes’,
RSC/RAS Astrochemistry Group Meeting 2021 -
Astrochemistry in the JWST Era, A~ 5 VB (£
f& : University of Leeds, United Kingdom) , 6 816 H
-18H (20214)

MEFZEAN, RHBE, FNEF, Ewine F. van
Dishoeck, Catherine Walsh, Arthur D. Bosman:
‘ngVLATHES. FIREIVNO—T7EHEDO S Fil
BUICK T2 X RS DR E”", BARMIKRENFZES
(JpGU) 2021F K% Lyyay FHEICKIIZ2YED
Rl &AL PCG19-05, 4> 51 U FifE, 5A30H-68
6H (20214F)

15.Shota Notsu: “Astrochemistry and molecular
composition in protoplanetary disks”, HA#BIRZKE
BIEES (JpGU) 2021F K% vy 3y 1 ZXMAN
AARQY— MIS02-02, BEFFRE, A~ 71 VFE, 5A
30H-6H6H (20214F)

@R A5 —%3FK Poster Presentations

1.Shota Notsu : “Investigating the impact of X-rays on the
molecular abundances of inner envelopes and disks
around low-mass protostars with ALMA and ngVLA",
Linking the science of large interferometers in the
2030s, A>T VBifE, 11A308 12818 (20214F)

2.Shota Notsu : “X-ray-induced chemistry of water and
related molecules in low-mass protostellar envelopes”,
Workshop on Interstellar Matter 2021, /\-1 U w R
FECLBERZ EERIPMFA+A > Z1Y) , 11R
17H-198 (20214F)

3.593AK, KFMIE, RS, BT, Catherine
Walsh, Christian Eistrup : “H.O R /—Z 1 Y LURIC
TBEER ORBZRERMEBEOFMEEEE", HE
RXZR20FUFFR B - RETN (RBEZER
M) v ay P219b, AV 51 VR, 9813H-15
B (20214)



XIX-006 WA > 7-W§2ED H A FIViEHE RO E LS &K OMEIFEHRT S

FRO I AN LEBHRADIGH

Formulation of the chiral kinetic theory in curved spacetime and its application to topological

phenomena induced by vorticity
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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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One-dimensional electron systems with strong spin-orbit interaction and the

superconducting junctions
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XIX-012  Nanoscopic Visualization of Non-equilibrium Electron Kinetics via

Terahertz Fluctuation in Matters

In this study, a conceptually new scanning probe
microscope (called a Scanning Noise Microscope,
SNoiM) is developed for studying charge transport
and energy dissipations at the nanoscale in various
nonequilibrium material systems. The key technology
of SNoiM is the home-made ultrasensitive terahertz
(THz) detector, which is at least by two orders
of magnitude more sensitive than commercially
available THz detectors. Recently, a novel detection
mechanism has been exploited to further improve
the performance of the detector, in which a new
photogating-effect instead of conventional field-effect
is utilized and extremely low dark current has been
achieved (patent in application and manuscript in
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preparation).

In parallel to the work on the detectors, a low
temperature (77 K) SNoiM based on the atomic
force microscope (AFM) has been designed and now
under construction. With the new SNoiM, energy
dissipations of charged particles in various quantum
systems can be directly visualized in the real-space
with nanometer spatial resolution, which is hardly
accessible with other experimental techniques. This
study will bring new insights into the local energy
dynamics in quantum systems. In addition to the
development of a 77 K SNoiM based on the AFM, the
home-made THz detector has been also introduced
into a low temperature (4.5 K) scanning tunneling



microscope (STM) for studying the nonlinear optical
phenomenon down to the atomic scale. In this study,
two picosecond lasers with slightly shifted wavelength
are used to excited the nanoscale STM junction and
difference frequency generation (DFG) in the THz
region is expected to be measured for the first time
by the sensitive THz detector. As the first approach,
second-harmonics generation has been successfully
observed.
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1.Weng Q.: "IR/THz scanning near-field microscopy
without external illumination" The 12" International
Conference on Information Optics and Photonics (CIOP),
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2.Weng Q.: "Nanoscopy of charge fluctuations in matter-
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Development of AbinitioDI’A and application to the unconventional superconductivity
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approximation”, arXiv: 2201.01220 (2022), to be
published in Frontiers in Physics.
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XIX-014 Zua<F UGB - fREHEO I 7 aB@ iz T

Biophysics of chromatin remodeling: toward microscopic understanding of cell

differentiation
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1.Yohsuke T. Fukai, Kazumasa A. Takeuchi : “Initial
perturbation matters: Implications of geometry-
dependent universal Kardar-Parisi-Zhang
statistics for spatiotemporal chaos”, Chaos: An

Interdisciplinary Journal of Nonlinear Science, 31,
111103 (2021)
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XIX-015 Rare-Earth-Catalyzed Regio- and Enantioselective C—H Bond

Functionalization

Aminotetralin is an important structural motif in
a large number of natural products, biologically
active molecules, and pharmaceuticals. Therefore,
the development of efficient and atom-economical
protocols for the stereodivergent synthesis of all the
possible isomers of a given substituted aminotetralins
is of much interest and importance, as it would
accelerate the screening process and structure—
activity relationship studies in the corresponding
drug discovery. In present research, we have achieved
the first diastereodivergent [4+2] annulation of
2-methyl aromatic aldimines with alkenes by half-
sandwich rare-earth-catalyzed benzylic C-H
activation. The diastereodivergence is achieved by
fine-tuning the metal/ligand combination or steric
hindrance around the metal center of the catalysts.
The use of CsMe,SiMes-ligated scandium catalyst Sc-1
exclusively afforded the trans-diastereoisomers of the
l-aminotetralins. In contrast, the analogous larger
rare-earth complexes bearing CsMes ligand such
as Y-2 selectively afforded the cis-diastereoisomer.
By use of the CsMe,SiMe;-ligated Sc-1 (10 mol%),
a variety of substituted styrenes containing either
electron-withdrawing or -donating substituents
all smoothly reacted with substituted 2-methyl
aldimines, exclusively affording the corresponding
I-amino-2-aryl-trans-substituted tetralin derivatives
in good yields with excellent diastereoselectivity. The
Y-2-catalyzed cis-selective [4+2] annulation showed
similar substrate scope and functional group tolerance
to that for the trans-diastereoselective reactions
catalyzed by Sc-1. Next, kinetic isotope effect (KIE)
studies were conducted. The KIE studies on the side-
by-side reactions of N-tert-butyl mesitaldimine la
and la-d;; with styrene showed ku/kp = 3.0 for Sc-1
and ku/kp = 1.5 for Y-2. These results suggest that
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benzylic C(sp?)—H cleavage of la may be involved in
the rate-determining step of the annulation of styrene
catalyzed by Sc-1, but not in that by Y-2. We then
examined the trans-selective annulation of N-tert-
butyl mesitaldimines with various aliphatic alkenes
by CsMes-ligated scandium catalyst Sc-2. Heteroatom
functionalized aliphatic alkenes and aliphatic alkenes
containing either alkenyl or aromatic substituents
all reacted with la by Sc-2, exclusively affording the
corresponding 1,2-insertion products in good yields
and high trans-diastereoselectivity. The reaction of
various 2-methyl aldimines bearing diverse functional
groups, such as halides (F, Cl, Br), OPh, SMe, SiMe;,
cyclopentenyl, and aromatic heterocycles worked
well, affording trans-selective 1,2-insertion products
in good yields with excellent diastereoselectivity. A
large KIE value of ku/kp = 6.1 was observed for the
annulation of aliphactic alkene 4c, which suggests
that benzylic C(sp?)-H cleavage of 1a may be involved
in the rate-determining step of the annulation of
the aliphatic alkene by Sc-2. This protocol offers an
unprecedented efficient and atom-economical route
to access both trans and cis diastereoisomers of multi-
substituted 1-aminotertralin derivatives from the
same set of starting materials. This diastereodivergent
annulation features 100% atom efficiency, excellent
diastereoselectivity, broad substrate scope, and good
functional group compatibility.
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Development of 3D and 4D Structures of Inorganic Nanosheets based on the Control of
Electrostatic Repulsion: Toward Innovative Optical, Mechanical and Transport Functions
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Development of a Fluorescent DNA Replication Reporter and Its Application to Genome-
Wide Screening of Hi-C Nuclear Compartment Regulators
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XIX-022  Global and Quantitative Analysis of Neuronal RNA Granules

Translation of mRNA into proteins is the final step in
the expression of protein-coding genes. In neuronal
cells, delivery of specific mRNAs to dendrites for local
translation is important for spine development as well
as modulation of synaptic strength and consequently
underlies higher brain functions such as learning,
memory and emotions. Delivery of mRNAs to the
dendrites occurs in the form of RNA transport
granules, which contain ribosomes, translation factors

Name : Marek Konrad KRZYZANOWSKI
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Conformation Diseases
RIKEN Center for Brain Science

Laboratory Head : Motomasa TANAKA

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 published
method to isolate them from a variety of sources,
such as brain or cultured primary cells, to follow their
dynamics or disease-mediated changes in a global and
quantitative way.



The scope of this research project is to comprehensively
investigate the composition and function of neuronal
RNA granules to identify novel factors involved
in RNA granule assembly, mRNA transport and
translation.

Last year I focused on the role of RNA granules
in the activity-dependent translation in cultured
mouse cortical neurons. Employing the biochemical
purification protocol I developed previously, I set out
to measure how protein composition of RNA granules
changes upon induction of cLTP (chemical long-
term potentiation), with the hope to identify novel
regulators of activity-dependent translation. Using
Label Free Quantification (LFQ) mass-spectrometry
(MS) I observed a few proteins changing their

abundance within 2 hours after stimulation. Since
the peak of activity-dependent translation seems to
be earlier, I am currently performing experiments
after shorter time interval (30 min), to find more
regulators of this process. Last year I continued also
the validation of the initial MS screen that identified
proteins enriched in RNA granules isolated from
mouse brain. Using immunoprecipitation and shRNA-
mediated knockdown of the selected targets I aim to
characterize their role both in RNA granule function
and mRNA translation. With those approaches,
I would like to deepen our understanding of the
mechanisms and importance of mRNA translation in
the function of neurons and the brain.

XIX-023 Modulation of the Strength of Emotional Memories

by High States of Anxiety

Relief is a state that arises when an aversive experience
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
provide a state for emotional recuperation. As such, we
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)
expressing cells. Our preliminary data show that the
enkephalin cells in central amygdala (CeA-ENK)
play a critical role in mediating functions of relief
described above.

We hypothesized that CeA-ENK cells could be
important in learning about the environmental stimuli
which are associated with safety. Thus we developed
a platform relief learning task where the animal is
rescued from the hot-plate by a platform (rescuer
platform). In control mice, this experience increased
mice’s preference to rescuer platform compared to a
familiar other platform. 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
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buffering the negative impact of aversive experiences
and mediate both short and long-term recuperation.
In the short term recuperation task, the animals
were exposed to tail suspension stress and then put
into their home-cage for 20 minutes before receiving
anxiety tests. While the stressed animals with normal
CeA-ENK functioning recuperated well from tail
suspension with the home-cage recovery period, CeA-
ENK inhibited animals showed increased anxiety-like
behaviors. Similarly, in the long term recuperation
experiments, we observed if CeA-ENK was inhibited
during a highly aversive hot plate exposure test, 10
days later animals exhibited high associative fear
memory. Furthermore, their memories were more
resistant to extinguishing when these memories no
longer signaled threat, compared to control animals.

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
activity outlasting the foot-shock exposure was
observed. We also found that separate subpopulations
of CeA-ENK cells were active during aversive hot-
plate exposure and afterwards, when animals are
recuperating from the hot-plate. Similarly, we
observed separate active subpopulations during



aversive tail-suspension and home-cage recuperation.
We will conduct further work to reveal the network
dynamics and their relationship to behavior during
stress and home-cage periods.

Overall, our results suggest that CeA-ENK mediated

relief signaling is important in learning about
the stimuli associated with the ending of aversive
experiences 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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XIX-025 Investigation of manipulation of interneuron activity

on hippocampal memory formation

In mammals, the formation of new memories critically
depends on the hippocampus. Although primarily
composed of excitatory principal neurons, the
remaining inhibitory interneurons exhibit a wide array
of morphological, molecular, electrophysiological,
and synaptic properties'. Thus, teasing apart the
contribution of different interneuron cell types is
required to understand hippocampal function. One
prominent type of inhibitory interneuron in the CAl
region of the hippocampus is the O-LM cell (oriens-
lacunosum/moleculare), which innervates the distal
regions of the dendritic 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
CA1l 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 hippocampal region is largely unknown.

In the present study, we sought to determine local
circuit effects of O-LM cell manipulation during
trace fear conditioning (TFC) tasks in mice. Using
somatostatin-Cre (SST-Cre) mice, where somatostatin
is a genetic marker for O-LM cells, we measured
activity of neurons in dorsal hippocampal CA1 using
the cfos-dependent version of the Robust Activity
Marker (RAM)* during new memory formation in
TFC tasks (F-RAM). 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, CAl pyramidal
cell F-RAM expression was increased upon SST cell
activation compared to when SST cells were inhibited,
contrary to previous work showing the opposite effect
on principal granule cell activity by SST interneuron
activation in the dentate gyrus®. Furthermore, the
excitatory DREADD group showed increased freezing
during the test session 1 week after the conditioning,
both during the tone and post-tone periods, relative
to the inhibitory DREADD group. This indicates that
the increased F-RAM expression in pyramidal cells is
linked to stronger memory recall and hence increased
freezing during the test presentation, and vice versa, i.e.,
lower F-RAM expression is linked to weaker memory
recall and hence lower freezing.
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To further validate these results in vivo, mice were
injected with a green fluorescent protein (GCaMP6f),
together with selective expression of either excitatory
DREADD (hM3D), inhibitory DREADD (hM4D),
or control (mCherry) in SST cells. A gradient index
(GRIN) lens was then implanted in these mice to
allow for chronic imaging of calcium activity of CA1
pyramidal neurons during freely moving behaviour and
DREADD manipulation of SST cells. Recordings were
performed over a three week period consisting of initial
recordings on a linear track to allow the formation of a
stable contextual memory representation of the track.
In the second week, mice were given clozapine-N-oxide
administration to activate DREADD receptors while
recordings were made both on the linear track as well
as the novel TFC task, thus obtaining in vivo recordings
of pyramidal cell responses during manipulation of
dendrite-targeting interneurons both during a familiar
memory task as well as a novel memory task. During
the remainder of the second week as well as the third
week, the mice were tested for freezing during tone
presentation in a modified chamber where they were
administered the foot shocks during TFC, as well as
monitored on the linear track. Although the calcium
imaging data is yet to be analyzed, the behavioural
results show consistent elevation of freezing with
excitatory DREADD condition, compared to inhibitory
DREADD and controls.

For the extension of the SPDR in FY2022, the calcium
data analysis will be completed to verify consistency
in pyramidal responses during the TFC recordings, as
well as an additional cfos-dependent synaptic tracing
technique to determine the pathway of SST neuron
effects on the CA1 circuit using the dual-eGRASP
method’. Namely, CA3 and entorhinal cortical (EC)
inputs to CAl will be examined by injecting pre-
eGRASP in CA3 and ECI, and post-eGRASP in CAl,
during DREADD manipulation of SST cells in CA1l, to
verify whether the mechanism of memory enhancement
during excitatory DREADD is due to disinhibition of
Schaffer collateral- associated interneurons in stratum
radiatum, which CA1 SST cells are known to inhibit?,
thus enhancing the CA3 pathway and leading to greater
pyramidal cell activity as well as enhanced memory
formation.
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XIX-028 Molecular Changes in Sensory Neurons During

Chronic Cutaneous Inflammation

The focus of the project is to investigate how sensory
neurons interact and communicate with non-neuronal
cells during skin chronic cutaneous inflammation.
To identify the molecules and/or pathways that
are essential for the neuronal function during skin
inflammation, sensory neurons from WT and atopic
dermaititis (AD) mice were single cell RNA (scRNA)
sequenced. Performing unsupervised clustering
analysis, followed by differentially expressed gene
(DEG) analysis, I found NP3 subset had altered gene
profile in the AD models compared to the control
mice. One of the signature gene for this subset is
interleukin-31 receptor alpha (IL-31RA) and this
receptor was upregulated in both AD model. In this
project, I decided to focus on the function of NP3
neurons and IL-31RA during itch induction and
development of skin inflammation.

I generated NP3 deficient mice, IL-31RA-T2A-Cre.
DTA mice, where the cells expressing IL-31RA are
depleted. Using these mice, a range of pruritogens
were tested to investigated the involvement of NP3
neurons during itch induction. Using the MC903
model of AD, scratching behavior was reduced in the
absence of NP3 cells, however the skin inflammation
had exacerbated. In mice that do not express IL-
31RA on sensory neurons (IL-31RA™. Navl.8-
Cre), scratching behavior in response to MC903 also
reduced, without changing the skin inflammation
state. Taken together, IL-31RA on sensory neurons
contributes to itch induction but other NP3 molecules
may regulate the development of skin inflammation.

I also investigated the downstream signalling pathway
of IL-31RA activation. Previous publications have
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shown IL-31 can phosphorylate STAT1, STATS3
and STATS5. However, I decided to focus on STAT3
since, only STAT3 was detected in our scRNA
sequencing work. Administration of rIL-31 induced
phosphorylation of STAT3 in sensory neurons and
chemical inhibition of STAT3 could partially reduce
rIL-31-induced scratching behaviour. Using the mice
without STAT3, there was a significant reduction in
IL-31RA expression in the sensory neurons, suggesting
STAT3 may regulate the IL-31RA expression as well
as, transduce IL-31RA signalling.

The results from this project enhanced the
understanding of how IL-31 produced by immune
cells can contribute to itch; however, further
investigation is required to fully understand how
sensory neurons are involved during development of
skin inflammation.

@ Oral Presentations

Conferences

1.Ochiai et al.: “STAT3-dependent IL-31 receptor
signaling in sensory neurons underlies chronic
itch induction while regulates inflammation”, The
50th Annual Meeting of the Japanese Society for
Immunology, Nara, 2021 December 8-10)

@ Poster Presentations

Conferences

1.0chiai et al.: “STAT3-dependent IL-31 receptor
signaling in sensory neurons underlies chronic
itch induction while regulates inflammation”, The
50th Annual Meeting of the Japanese Society for
Immunology, Nara, 2021 December 8-10)



XIX-029 mTORCI1 ¥ 7 F IV OMBaBIAY—1 2 AT A &

ZOEH D RS — A L A

Single-cell Opto-transcriptomics For Deciphering Mechanisms And Functions

Of mTORCI Signaling Heterogeneity
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Single Quantum Source Capable of Manipulating Electron Spin at Room Temperature

Based on Carbon
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XIX-031  Ultrasensitive SERS Microfluidic Chips Fabricated by Photonic Methods

In FY2021, the researches were focused on the
demonstrations of liquid interface assisted surface-
enhanced Raman scattering (LI-SERS) for bio-sensing
and a comprehensive research on the fabrication
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of nanostructure array on zinc oxide substrate by
ultrafast laser-induced periodic surface structure
(LIPSS).

For the demonstration of LI-SERS, at first, I fabricated



the microfluidic SERS chip by hybrid femtosecond
laser processing. The processing includes femtosecond
laser assisted chemical etching, femtosecond laser
assisted selective metallization, and femtosecond
laser-induced periodic surface structure. Owing
to ultrahigh sensitivity of LI-SERS, the attomolar
analysis have been already demonstrated in
rhodamine 6G solution. The enhancement mechanism
of LI-SERS was discussed carefully, which was
attributed to the synergistic effect of optical trapping
and Marangoni effect. Briefly, because of the
temperature gradient on SERS substrate induced by
laser irradiation, the Marangoni flow was formed and
the Marangoni number was as high as 96, showing
a strong flow at the interface. Therefore, the analyte
in the solution would be driven into laser irradiation
spot, following Marangoni flow. Simultaneously, the
nanostructure enhanced the localized electric fields
in the nanogaps under laser irradiation, which would
generate optical forces in aN ~ fN to trap the analyte
in the nanogaps. In other words, the analyte was self-
immobilized on the SERS substrate, contributing to
the ultrahigh sensitivity. The LI-SERS was applied
in bio-sensing including deoxyribonucleic acid
(DNA) discrimination and p-Amyloid (AP) for the
potential early-stage diagnosis of diseases. For DNA
discrimination, two DNA sequences containing
more than 30 different bases for each were measured
by LI-SERS, respectively. The detection limit of
DNA sequences was 1 fM, illustrating the ultrahigh
sensitivity of LI-SERS. By comparing the Raman
peaks of two DNA sequences, the DNA could be
discriminated rapidly. Specifically, taking advantage
of the C=0 stretching at 1640 cm™ for measurement
of thymine and the C=N stretching at 1474 cm™ for
measurement of adenine. The intensities of Raman
signals showed a significant difference at the two
specific Raman shifts. In addition, the LI-SERS
was also demonstrated by detection of A (the bio-
markers of alzheimer's disease). The Raman shift at
1271 cm™ showed high linearity for the concentration
range 1 pM - 1 nM and the detection limit for AP
was estimated to be less than 1 pM, which clearly
was appropriate for quantitative monitoring of Ap at
ultralow concentrations.

On the other hand, in this FY, a comprehensive
research was carried out about the fabrication of
nanostructure array on zinc oxide substrate by
ultrafast LIPSS. The zinc oxide nanostructure array
allows to build up 3D SERS substrate. By optimizing
laser processing parameters, including wavelength,
polarization, pulse fluence, pulse width, and pulse
number, ~100 nm periodic two-dimensional
nanostructure array with a nanogap of 20 nm was
tabricated. The circularly polarized laser beam was

employed for the formation of nanodot array. Such
nanodot array is expected for the SERS substrate by
deposition of metal layer in the future work.
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XIX-032 Microfluidic Assisted Synthesis of RNAi-based Cancer Nanomedicine

The objective of this research is to develop
microfluidic system for synthesis of RNAi-based
drug delivery systems for cancer therapy. Current
research focused on synthesis of drug carriers using
microfluidic techniques. The advantage of using
microfluidic approach is that it allows formation of
particles with controlled size and shape. A high and
stable droplet production with paralleled multiple
droplet generation units in a single device has been
developed. However, the loading ability of these
carriers is highly dependent on the crosslinking of
the polymer, which also impact on the release profile.
Therefore, a drug delivery system using exosome
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will be explored. Recent studies show exosomes
exhibit great potential as drug delivery carriers due
to their high biocompatibility, low toxicity and long
circulating lifetime within the body. Recent research
by our collaborator has demonstrated the isolation
of exosomes with a peptide-modified ZnO nanowire
surface within microfluidic device. Combining
my current research with the microfluidic device
developed by our collaborator, the fluid flow profile
within microchannel will be manipulated leading
to an enhanced exosomes diffusion which further
increase capture efficiency within the microfluidic
device.
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Development of single-nanometer focusing system of X-ray free electron lasers for exploring

photon-vacuum interaction
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Development of chiral optical chromatography using superchiral light
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XIX-035 Underpotential Deposition of Silver for Surface Catalysis of
Photoreduction of 4-Nitrothiophenol

Underpotential deposition (UPD) means
electrodeposition of hetero-species on substrates at a
monolayer level by applying less negative potentials
than Nernst potentials in electrochemical cells based
on favorable interactions between the species to be
deposited and substrates. UPD modifies surface
compositions maintaining bulk structures of substrates,
so that UPD can be a strategy of designing catalyst
surfaces to modulate chemical interactions with
adsorbates and their reactions. In the present study,
we investigated the impacts of Ag UPD on plasmon-
enhanced reduction of 4-nitrothiophenol (4-NTP) using
electrochemical surface-enhanced Raman spectroscopy
(EC-SERS).

UPD of Ag was conducted onto roughened Au surface
modified by 4-NTP (4-NTP/Au). Consequently, the
UPD layer was intervened between the Au surface and
the 4-NTP adlayer. The reduction and dimerization of
4-NTP to 4,4-dimercaptoazobenzene (DMAB) were
conducted under laser irradiation and electrochemical
controls. With gradual increases of the power of
incident light, Raman peaks of 4-NTP and DMAB in the
EC-SERS spectra were monitored using two different
systems of a Au substrate and a UPD Ag-modified Au
substrate. Formation of DMAB based on emergence
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of the Raman peaks was not found on the Au surface
but clearly on the UPD Ag surface under the same
reaction conditions. The enhanced reaction of 4-NTP
forming the dimer was attributed to catalytic activity
of silver surface for reducing the nitro group. Change
of adsorption structures of 4-NTP molecules upon Ag
UPD could be considered as an alternative origin of the
enhanced reactivity. However, we confirmed this was not
the origin because the adsorption structure of 4-NTP
was maintained during Ag UPD as analyzing relative
intensities of the Raman peaks of 4-NTP. Overall,
this study suggests UPD as a potential strategy for
controllable and fine tuning of the surface characteristics
by modifying the surface at a monoatomic level. The
surface reactivity for the photoreduction of 4-NTP
can be further investigated using electrochemical tip-
enhanced Raman spectroscopy (EC-TERS) revealing the
local reactivity of bimetallic surfaces under controlling
the reaction conditions.
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XIX-036 Development of a Hybrid Scanning Probe-Fluidic Nanospectroscopy

System for In-Situ Molecular Bioanalysis

Through continuous fine-tuning of the nanospectroscopy
system, atomic level imaging of graphene in ambient
conditions using electrochemically etched gold (Au) tips
was attained. This demonstrates the high level of stability
of the nanospectroscopy system. Successful topography
and tip-enhanced Raman spectroscopic (TERS) images
of metallic carbon nanotubes (CNTs) have been obtained
and the data is still under analysis. Using far-field
detection, low frequency Raman peaks (less than 200 cm
") such as the radial breathing mode of CNTs can also be
detected.

We have constructed a 3-electrode electrochemical
etching system to etch Au tips with controllable tip
geometry, with the hope that the resulting tips are
TERS active and suitable for both TERS and topography
imaging. The geometry of the tip is very much dependent
on the tip’s ability to enhance the electromagnetic field
interacting with it. This is because the tip plasmon
frequency is affected by both the radius of curvature
of the tip and tip’s cone angle. It was found through
the course of the experiments that the tip geometry,
particularly the tip’s radius of curvature and cone
angle, can be engineered by certain etching parameters,
namely, the immersion depth of the Au wire into the
etching solution and the etching potential used during
electrochemical etching. As the immersion depth
decreases (from 1.5 mm to 0.6 mm), the tip radius of
curvature also decreases (from 100 nm to 38 nm). This
is because the neck-in formed during etching will pre-
maturely break off before the tip is fully etched due to
the weight of the lower portion of the tip. The cone angle
of the tip, however, increases as the immersion depth
decreases (for immersion depth of 0.6 mm, ~35°; for
immersion depth of 1.5 mm, ~22°). In the case of the
etching potential, an optimal potential of 1.3 V must be
used to etch sharp tips with a radius of curvature of 38
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nm. The cone angle is smallest when the potential is 1.2
V, but the radius of curvature obtained at this potential
is around 70 nm. It has been shown theoretically in
literature that even if two tips have the same radius of
curvature, but different cone angles, the tip with a larger
cone angle would have a tip plasmon frequency at shorter
wavelengths as compared to the tip with a smaller
cone angle that would have a tip plasmon frequency
at longer wavelengths. Finite-difference time-domain
(FDTD) simulations need to be made to determine the
enhancement factor of the fabricated tips.
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A Non-invasive Brain Stimulation Approach for
Revealing the Roles of Neural Synchronization
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The Laplacian On Riemannian Manifolds And Some Error Estimates
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Effective Assimilation of Lightning Observations for

Improving Numerical Weather Prediction
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Mathematical Analysis of Quantum Many Body Systems
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A Study of Selmer Groups using Euler Systems and its Application to Number Theory
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A Generalization and Refinement of Floer Theory in Gauge Theory
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2.Seifert hypersurfaces of 2-knots and Chern-Simons
functional, Quantum Topology, Vol. 13, 2, 335-405
(2022)
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1.Seiberg-Witten Floer homotopy and Contact
Structure, ILDT, May. 19-21. 2021, with Nobuo Iida

2.An adjunction inequality of Bauer-Furuta-type
invariant and its applications to H-slicenss, handle
seminar Jun 3, 2021

3.Low dimensional Contact and Symplectic Topology,
the Nearly Carbon Neutral Geometric Topology
conference, Jun. 14-25. 2021

4.Positive scalar curvature and homology cobordism
invariants II, Kansai gauge theory seminar, Jul. 6.
2021

5.Positive scalar curvature and homology cobordism
invariants, 4-dimensional topology, Osaka
University, Nov. 12-14, 2021

6.Involution, Knots and Floer K theory III, Handle
seminar, Nov. 25, 2021

7.Involution, Knots and Floer K theory III, Kansai
gauge theory seminar, Dec. 4, 2021
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XX-007  Origin of Multiplicity in Low-Mass Star Formation

During FY2021, research was carried out for two
projects: 1) Determine the factors that enhance or
hinder fragmentation of cloud cores at >100 AU; 2)
Probe the distribution of material within the cloud core

Name : Nadia Mariel MURILLO MEJIAS

Host Laboratory . Star and Planet

Formation Laboratory
RIKEN Cluster for Pioneering Research

Laboratory Head : Nami SAKAI

and its relation to multiplicity.

For the first project, observations of the Perseus
star forming region with the Nebeyama 45 m Radio
Observatory were carried out and completed in early



2021. These observations maped several sub-regions
within Perseus, which present different star forming
conditions. The spectral setup of the observations
included line emission from several molecular species:
HCN, HCO+, HNC, N2H+, HC3N, C180 and 13CO.
These data provide information on gas temperature,
distribution, and kinematics. Nobeyama data
calibration, imaging and analysis were started in April
2021.

Combining the Nobeyama data with existing APEX
(Atacama Pathfinder EXperiment, single dish) and
ACA (Atacama Compact Array, interferometer)
provides a deeper look at the factors that influence
the formation and evolution of multiple protostellar
systems. For example, the peak ratio of HNC line
emission in the transitions 1--0 (Nobeyama) and 4--3
(APEX) provides information on density at scales
of ~5000 AU. Similarly, line emission from other
molecular species, such as N2H+, H2CO, DCO+,
provide gas temperature measurements at scales of
a few 1000 AU and various regions within the star
forming core and the molecular cloud. The ACA data
traces the physical structure at smaller scales.

Based on the available data and the analysis that can
be done, a redirection of the project was determined.
The relation between multiplicity and the physical
parameters temperature, mass and density is studied
with the Nobeyama and APEX data. This study involves
a large sample of protostellar systems, both multiple
and single systems located in different star forming
regions. The range of different molecular species
line emission and sample size allows a statistically
significant analysis of the data. The paper describing
the Nobeyama and APEX data, analysis, and results
is currently in the writing stage, and will be ready for
submission in early FY2022.

The Nobeyama data enables the study of gas
kinematics and its relation to multiplicity and chemical
complexity. A first look at the data shows interesting
results. These have been presented in a conference in
Hokkaido during FY2021. Work on this data and topic
will be continued in FY2022.

Finally, the ACA data will be published in a stand-alone
paper, given the different scales that the data probes.
Connection to the Nobeyama and APEX results will be
made, thus connecting the large and small scales.
Regarding the second project, one paper looking at the
material distribution of a young multiple protostellar
system, IRAS16293, was submitted and accepted
for publication. The results of this paper show the

uneven distribution and accretion of material in a
multiple protostellar system. This uneven distribution
of material can impact the evolution of multiple
protostellar systems, lead to continuous fragmentation,
and perhaps impact the chemical complexity of the
circumstellar environment.

The distribution and phase change of molecules, and
the resulting elemental composition of gas and ice,
decide the chemical complexity of the planets, comets,
and meteorites that may form as part of the protostellar
system. To study how the physical structure within
a cloud core determines the distribution of chemical
content, a large grid of physical-chemical models was
used. Such models provide insight into how different
physical parameters, such as density, temperature, and
presence or lack of disk, influence the distribution and
composition of gas and ice. Simulated observations
were produced from the grid of models using radiative
transfer calculations. The simulated observations
can be compared directly to observations. The paper
describing these results was submitted in December
2021, and is currently undergoing referee review.
The model grid will be used to further explore other
aspects of material distribution, such as kinematics,
multiplicity, and time dependence.

@ Publications

Papers

1.Murillo, N. M., van Dishoeck, E. F., Hacar, A.,
Harsono, D., Jorgensen, J. K., “A cold accretion
flow onto one component of a multiple protostellar
system”, 2022, A&A, 658, 53

2.Murillo, N. M., Hsieh, T.-H., Walsh, C., “Modeling
snowline locations in protostars: Structures within
protostellar cloud cores”, submitted to A&A
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Conferences

1.Murillo, N. M., “How do you feed multiple protostars?
Tracing cold gas streamers in embedded multiple
protostellar systems ", European Astronomical Society
Annual Meeting 2021, Virtual, 28 June - 2 July, 2021

2.Murillo, N.M., Sakai, N., "Studying the factors that
determine multiplicity and chemical complexity
in Perseus", Workshop on Interstellar Matter 2021,
Hokkaido, Japan, 17-19 November 2021

3.Murillo, N. M., “Studying the formation and evolution
of multiple protostellar systems”, National Tsing
Hua University Institute of Astronomy Colloquium,
Taiwan, Virtual, 25 February 2022
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Microscopic Description of Many-Nucleon Systems with Realistic Nuclear Force

and Study of Hadron Interaction
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1.Coraggio L., De Gregorio G., Gargano A., Itaco N.,
Fukui T., Ma Y. Z. and Xu F. R.: "Shell-model study
of titanium isotopic chain with chiral two- and
three-body forces", Phys. Rev. C 104, 054304 (2021)*.
2.0gata K., Fukui T., Kamiya Y., and Ohnishi A.:
"Effect of deuteron breakup on the deuteron- =
correlation function”, Phys. Rev. C 103, 065205
(2021)*%.
3.Kamiya Y., Sasaki K., Fukui T., Hyodo T., Morita
K., Ogata K., Ohnishi A., and Hatsuda T.,:
"Femtoscopic study of coupled-channel N- = and
AN interactions", in print®.
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1.Fukui T., Coraggio L., De Gregorio G., Gargano A.,
ItacoN.,,Ma Y. Z., Xu F. R.,: "BRSRIREE T3 Ca
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K=, BILKE, 38 (2022).
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Systematic Nuclear Spectroscopy of Neutron-rich Nuclei to Clarify the Astrophysical

Environment of Heavy Element Synthesis
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KREBRFERIREERICIRRL, ARIhic, RRICHIT
T AANCRF—LORAEPHETF BRI R W ZEER
DI=HD OsEMW DR Z EDT,

HEEENSED TN TaDB-r FRER D HERD
BTN T Ulco BIZ'TWOEERES LU ERIEIR
EBANDOBBREERZEHL., STEUlog-ftENS'®Ta
DREVINI) T RE LT, #ER% £ &8, Physical
Review Ciklc&iaUTc, REEZT TH D,

@5 L3 Publications
(RZEFSO
1.Hirayama Y., Schury P., Mukai M., Choi H., limura

S., Watanabe Y.X., Wada M., Watanabe H. and
Miyatake H.: "Three-dimensional tracking multi-
segmented proportional gas counter for 8 -decay
spectroscopy of unstable nuclei”, Nucl. Instrum.
Meth. Phys. Res. A 997, 165152 (2021)*

2.Kimura S., Ito Y., Kaji D., Schury P.,, Wada M.,
Haba H., Hashimoto T., Hirayama Y., MacCormick
M., Miyatake H., Moon ].Y., Morimoto K., Mukai
M., Murray 1., Ozawa A., Rosenbusch M., Schatz
H., Takamine A., Tanaka T., Watanabe Y.X,,
Wollnik H.: "High Precision Mass Measurements
of Intermediate-mass Neutron-deficient Nuclei via
MRTOEF-MS?”, JPS Conf. Proc. 35, 011005 (2021)*

3.Ahmed M., Watanabe Y.X., Hirayama Y., Mukai M.,
Park J.H., Schury P., Kakiguchi Y., Ozawa A., Oyaizu
M., Wada M. and Miyatake H.: "8 - ¥ spectroscopy
of the "”Os nucleus”, Phys. Rev. C 103, 054312 (2021)*

4. Watanabe Y.X., Walker P.M., Hirayama Y., Mukai
M., Watanabe H., Lane G.J.,, Ahmed M., Brunet M.,
Hashimoto T., Ishizawa S., Kimura S., Kondev F.G.,
Litvinov Yu.A., Miyatake H., Moon J.Y., Niwase T.,
Oyaizu M., Park J.H., Podolyak Zs., Rosenbusch M.,
Schury P. and Wada M.: "First direct observation of
isomeric decay in neutron-rich odd-odd '*Ta”, Phys.
Rev. C 104, 024330 (2021)*

5.Mukai M., Hirayama Y., Watanabe Y.X., Watanabe
H., Koura H., Jeong S.C., Miyatake H., Brunet M.,
Ishizawa S., Kondev F.G., Lane G.]., Litvinov Yu.A.,
Niwase T., Oyaizu M., Podolyak Zs., Rosenbusch
M., Schury P., Wada M. and Walker P.M.: "Ground-
state B -decay spectroscopy of ' Ta”, Phys. Rev. C,
submitted. *

@[1ZEH X Oral Presentations

1.Mukai M.: “Isotope shift measurement of ***'®*Hf and
185187188, 107" SSRI-PNS Collaboration Meeting 2021,
on Zoom, Sep. (2021)

2.AFHDD "WTaDBEEZ DN, BRAYEZEUE
K=, online, 98 (2021)

3.Mukai M.: “Isotope shift measurement of "**'**Hf
and '8>187188190W” "The 22nd Program Advisory
Committee (PAC) Meeting for Nuclear-Physics
Experiments at RI Beam Factory, on Zoom, Dec.
(2021)
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New Approach to Non-perturbative Quantum Field Theory Inspired by Gradient Flow
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ZENEIREEI NS,

@[1ZEH X Oral Presentations
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RRKE, A1, 38(20214F)
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RIEDWVILFRAY Y Vv —RKXEFEEWSH R/
FALICZEALDDHZH, 100 keVH 5510 MeV D
BHISEEE. BREREL XIRP GeV AV VIRELRS
ETHATRL BRERBEERESDLEINERD
KHENTWD, TOMeVH Y VBRRAXEDREEICHAIS
T MeVAYYIREBXREOE RS NREHE

MeV 77 > < A O Bilth

Pinoneering MeV gamma-ray astrophysics
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HERIEIN TV, COLSBAYVIRBRE ZEAHTE
IRILF—BFORBENKERHETH >lco RARTIE.
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BWREZFE DOFermiBE2ZHRHEL. BIRFICAZRD
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RiF. AVVIRBEEDMNREB T T2 BRBEZS
ZBEEDIC MeVAVIIROBRNEERZEDHD L
[CEM ST,

Ffc. 2030FROBFEFAZBEEL. KEDORETIL
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55|EHE. ARAYVEAEIESHIILEIV TNV
ALORET =D S, HYVROEEAR - AFIXIL
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TOAVT R UHEOYEBRE - AEBROERZT
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GRAMSEEEDRHIBBR EBEINDAANY TS
TDYREBRDANZYZ 2L — a3y ETW., AYUVIRE
A OMRETHEZEDH T WD, BRULBITFEICED N
fo £ 1000cm* 2 ED B MEBEN+ 2 ICEB TR T
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BIREMEERICKDRMEER WSV TR
DIBEICTZHDTH %o
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1.H. Yoneda, D. Khangulyan, T. Enoto, K. Makishima,
K. Mine, T. Mizuno, T. Takahashi, "Broadband
High-energy Emission of the Gamma-Ray Binary
System LS 5039: Spectral and Temporal Features
Using NuSTAR and Fermi Observations", The
Astrophysical Journal, American Astronomical
Society, 917(2), 90, 2021*

®[18E3%k Oral Presentations

(F=
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& N, Georgia Karagiorgi, Reshmi Mukherjee, Tsuguo
Aramaki, Jonathan Asaadi, Kerstin Perez: “GRAMS
KR 3 2HRE ANV NBBRTILTYX LD,
BARYMEFR2021FEFAR, A 71>, 2021434

2.H. Yoneda, D. Khangulyan, T. Enoto, K. Makishima,
K. Mine, T. Mizuno, T. Takahashi: “Spectral and
temporal analysis of the gamma-ray binary LS 5039
with Fermi, Suzaku and NuSTAR", INTEGRAL:
towards the third decade of X and Gamma ray
observations, Online/Italy, October 2021

3.H. Yoneda, D. Khangulyan, T. Enoto, K. Makishima,
K. Mine, T. Mizuno, T. Takahashi: “Effcient
electron acceleration in compact binary systems”,
Particle Acceleration in Solar Flares and the Plasma
Universe -- Deciphering its features under magnetic
reconnection, Online, November 2021

(E=27-)

1.H. Yoneda: “Mystery of the strong MeV gamma-
ray emission from gamma-ray binary systems—
magnetars in disguise? —", Ben-Gurion University
of the Negev, Israel, May 2021

2.H. Yoneda: “Mystery of the strong MeV gamma-
ray emission from gamma-ray binary systems—
magnetars in disguise? —, Institute of Astronomy of
Russian Academy of Sciences, Russia, March 2021
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Development of first-principles methods for quantum many-body systems based on
functional-renormalization-group aided density functional theory
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1.Takeru Yokota, Jun Haruyama, and Osamu Sugino,
Functional-renormalization-group approach to
classical liquids with short-range repulsion: A
scheme without repulsive reference system, Phys.
Rev. E 104, 014124 (2021)

2.Takeru Yokota and Tomoya Naito, Construction

of energy density functional for arbitrary spin
polarization using functional renormalization group,
Phys. Rev. B 105, 035105 (2022)

(Z0ft)

1.Takeru Yokota, Yuhma Asano, Yuta Ito, Hideo
Matsufuru, Yusuke Namekawa, Jun Nishimura,
Asato Tsuchiya, and Shoichiro Tsutsui, Perturbative
predictions for color superconductivity on the
lattice, arXiv:2111.14578

2.Shoichiro Tsutsui, Yuhma Asano, Yuta Ito, Hideo
Matsufuru, Yusuke Namekawa, Jun Nishimura,
Asato Tsuchiya, and Takeru Yokota, Color
superconductivity in a small box: a complex
Langevin study, arXiv:2111.15095

3.Yusuke Namekawa, Yuhma Asano, Yuta Ito, Takashi
Kaneko, Hideo Matsufuru, Jun Nishimura, Asato
Tsuchiya, Shoichiro Tsutsui, Takeru Yokota, Flavor
number dependence of QCD at finite density by the
complex Langevin method, arXiv:2112.00150
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1.Takeru Yokota, Yuhma Asano, Yuta Ito, Hideo
Matsufuru, Yusuke Namekawa, Jun Nishimura,
Asato Tsuchiya, and Shoichiro Tsutsui, Perturbative
predictions for color superconductivity on the
lattice, The 38th International Symposium on Lattice
Field Theory (LATTICE2021), online, July (2021)
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AR, TERA. BHA—H. V1LY TI)LIA
VERWASFLEOA 7 —BEEOEHRNEITEE
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202159H
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XX-013  From diffractive to partonic interaction:Precise measurement of

the transverse single spin asymmetry of neutral pion at high energy

polarized proton-proton collision

In polarized p + p collision, the transverse single spin
asymmetry (Ay), which is defined by the left-right
cross section asymmetry with respect to the beam
polarization, for very forward neutral particle plays
an important role to understand the spin-involved
production mechanism from the view points of the
diffractive and non-diffractive interactions. In June
2017, the RHICf experiment has measured the Ay
of the very forward neutral particles at the Relativistic
Heavy Ion Collider of the Brookhaven National
Laboratory in US. Continuing the first interesting
result (PRL 124, 252501) for the neutral pion, the
neutron is being analyzed and a follow-up experiment,
RHICF-II, is also prepared to extend the physics
goal of the RHICS experiment. During the FY 2021,
I mainly concentrated on two activities: (1) analysis of
the neutron Ay and (2) RHICF-II detector optimization.
About the activity (1), the analysis is made up of the
following procedures. At first, the neutron candidate
is separated from the photon background using the
difference between the their shower developments
in the detector. After that, in order to precisely
estimate the kinematic variables, the energy and
transverse momentum of the neutron are unfolded.
Since a finite background fraction of the photon and
the hadrons other than neutron are still included in
the unfolded distribution, their Ay contaminations
are subtracted after the unfolding. As a last step,
systematic uncertainties considered in the above
analysis procedures are assigned. Currently, I'm
working in the last step, thereby it is expected that
the neutron analysis will be complete and the
corresponding result will be published early this year.

The RHICE-II detector basically consists of the
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tungsten and silicon layers. The silicon layers
are composed of the low granularity ones for the
energy measurement and the high granularity ones
for the position measurement. For the activity (2), I
studied the detector performance with different layer
compositions using the Geant4 simulation toolkit
to optimize the detector. The energy and position
resolutions of the single neutron and photon, which are
the final states of the particles to be measured in the
RHICf-II experiment, and their efliciencies were
studied depending on the thickness of the tungsten
layers and the location of the high granularity ones.
This study will be extended to other particles like A and
K, taking into account the trigger logic to estimate the
expected particle yields in the RHICf-II experiment.
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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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XX-015  Non-reciprocity and topological quasiparticle annihilation

under broken symmetry

The interplay between symmetry-breaking, magnetism,
topology and electronic interactions is at the frontier of
condensed matter physics. A growing zoo of quantum
materials exhibits this interplay, including TaAs (the
first Weyl semimetal), RhSi (topological chiral crystal),
Co3Sn,S; (magnetic Weyl semimetal) and Co,MnGa
(quantum link semimetal) [1-7]. In the present work, I
explore two aspects of this interplay: the annihilation
of topological quasiparticles under the restoration of
time-reversal symmetry [2]; and non-reciprocal diode
behavior under broken inversion symmetry [8,9].

I annihilate Weyl fermions, for the first time, by
leveraging subtle properties of quantum magnetism
in the kagome Weyl semimetal Co3Sn,S; [2]. Creating
and annihilating particles is at the heart of physics. For
example, in the 1930s electron-positron annihilation
played a crucial role in the formulation of the Dirac
equation of particle physics and the idea of antimatter.
Later, in the 1980s, proton-antiproton collisions in
particle accelerators allowed the discovery of the W
and Z bosons, experimentally establishing electroweak
theory. In the 21* century, emergent quasiparticles
in quantum crystals are at the frontier of our
understanding. For example, Weyl fermions do not exist
as fundamental particles in nature, as far as we know.
However, with co-workers I observed Weyl fermions
in 2015 as an emergent particle arising in a collective
way from a sea of electrons in a quantum crystal [6].
Analogous to the opposite electrical charge of positrons
and electrons, Weyl fermions carry a notion of positive
and negative topological “charge”. This hints at the
possibility that oppositely charged Weyl fermions can
be created and annihilated in a manner analogous
to electrons and positrons. Now, in new results
reported in Physical Review Letters, we have observed
experimental signatures of Weyl fermion annihilation
in a quantum crystal, for the first time [2]. We achieved
this result by examining a unique quantum crystal
which not only hosts Weyl fermions but is also a magnet.
We found that the magnetism can be used to control the
Weyl fermions, allowing us to bring oppositely charged
Weyl fermions together in momentum space and
annihilate them. In the future, our experiment could
be used to investigate exotic phenomena such as non-
Abelian Weyl fermion braiding.

As another example of the interplay of symmetry
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with topological quantum matter, I am examining
the non-reciprocal diode response in topological
insulator heterostructures [8,9]. Non-reciprocity is
closely related to broken inversion symmetry, which
is naturally associated with heterointerfaces. Notably,
p-n junctions represent a dramatic example of non-
reciprocal response arising from broken inversion at a
heterointerface. The importance of interfaces invites the
application of topological insulators to the study of non-
reciprocal behavior, since a heterojunction between a
topological and trivial quantum material naturally hosts
a topological interface state, driving non-reciprocity. I
consider new non-reciprocal phenomena arising from
Ising superconductivity, the anomalous Hall effect
and thermal transport. This work opens the way to
novel classes of diodes, with potential applications for
rectification and as exotic spintronics components.
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XX-016  Three-Dimensional Topological Spin Textures in Chiral Magnets
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Topological spin textures (TSTs) are real-space spin
configurations with topological orders in magnetic
systems. Their real-space topologies can give rise to
many interesting phenomena. TSTs in one and two
dimensions have been extensively studied over the
past few decades. Recently, interest in realizing 3D
TSTs emerges with a focus on their rich 3D topologies
and physical properties. As a natural host of magnetic
skyrmion, a 2D TST characterized by the winding
number, chiral magnet serves as a promising platform
to realize stable 3D TSTs.

In this year, I first studied the stable and dynamical
properties of magnetic hopfions in a chiral magnet.
Magnetic hopfion is a 3D TST characterized by the
Hopf index. I found the hopfion can be stabilized in the
conical/helical state in a chiral magnet. Furthermore,
the hopfion can also be driven by either magnetic
field or electrical current. However, in this case, the
hopfion dynamics is different from that in a frustrated
magnet since the hopfion therein is embedded in a
ferromagnetic background. It is found the dynamics
of hopfion is closely related to its 3D topology. This
study may open a new pathway for the experimental
identification of magnetic hopfion.

In addition to hopfion, I also studied a hybridized
3D skyrmion crystal in a chiral magnet/magnetic
multilayer heterostructure. Although the sizes of
skyrmion are different in chiral magnet and magnetic
multilayer, we found the skyrmion formed in the

RIKEN Center for Emergent Matter Science
Laboratory Head : Naoto NAGAOSA

heterostructure has the same size in both chiral
magnet and magnetic multilayer. More interestingly,
a hybridized skyrmion crystal is formed in the
heterostructure in which its main part resides in the
chiral magnet. Our micromagnetic simulation suggests
this hybridized skyrmion crystal is bounded by the
magnetic dipole-dipole interaction between the chiral
magnet and the magnetic multilayer. Our results may
provide an alternative way to effectively reduce the
skyrmion size in magnetic multilayer.
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XX-017  Modern Perspectives of Symmetry and Its Breaking in Quantum matter

Name: Chang-Tse HSIEH

Host Laboratory : Quantum Matter Theory Research Team

Symmetry in nature can be broken explicitly,
spontaneously, or anomalously, and understanding
the latter two ways of symmetry breaking has been
leading to significant developments in modern physics.
The Landau-Ginzburg-Wilson paradigm developed
around the mid-20th century guides the classification
of conventional phases of condensed matter, such as
magnets, crystals, and superfluids, based on types of
spontaneous symmetry breaking. On the other hand,

RIKEN Center for Emergent Matter Science
Laboratory Head : Akira FURUSAKI

quantum anomalies, occurring when symmetries are
broken by quantum effects, were initially studied in
high energy physics, such as the chiral anomaly in the
understanding of pion decays and the parity anomaly
from a fundamental field-theory viewpoint, but they
have recently been known to play an important role
in condensed matter physics, as, for instance, the
above two kinds of anomalies can also emerge in Weyl
semimetals and in the Haldane model on a honeycomb



lattice, respectively.

Certain low-energy properties of a physical system
have a close relation with the last way of symmetry
breaking stated above, i.e., quantum anomaly.
In this research, we use quantum anomaly as a
nonperturbative probe to explore many-body physics.
With the knowledge of quantum anomaly, one can in
principle, for instance, derive various constraints on
certain low-energy behaviors, e.g. critical phenomena
or ground-state degeneracies, of general microscopic
degrees of freedom directly and systematically from
the underlying symmetry information. The proposed
projects along this line include studies on symmetry-
constrained phase structures and quantum criticalities
of strongly correlated electron systems (e.g. Hubbard
model and generalizations) and spin systems (e.g.
lattice antiferromagnetic). It is expected that such an
approach can make considerable progress in solving
problems in many-body physics and constitute a solid
basis for future relevant studies.

The aspects of symmetry and its breaking reviewed
previously can be further extended if one considers
a broader concept of symmetry generalized from
ordinary symmetries (e.g. SO(3) spatial-rotation
symmetry, U(1) phase-rotation symmetry, etc.),
such as higher-form symmetries and dualities. This
research also aims to study the associated physics from
such extensions. For instance, the concept of higher-

form global symmetries (symmetries for which the
charged excitations have spatial dimensions higher
than zero) has recently been proposed and intensively
studied in the high energy theory community, so it
is now a good time to seek immediate applications to
condensed matter systems, e.g. studies on phases of
matter beyond the Landau-Ginzburg-Wilson paradigm
based on higher-from symmetry breakings. Another
example following this approach is using dualities to
discover new states of matter from the known ones.
For instance, we used a certain boson-fermion duality
to identify a new class of quantum critical theories of
fermionic systems in one dimension [Phys. Rev. Lett.
126 (2021), 195701].

The originality of these two research approaches is
demonstrated in providing concrete applications
of the ideas of quantum anomalies and generalized
symmetries, both have been fundamental topics in high
energy physics, to condensed matter systems. Therefore,
the proposed research establishes a broader and further
connection between high energy and condensed matter
theories, highlighting the significance of the interplay
between the two different fields of physics.
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Photo-Induced Dynamics in Strongly Correlated Materials with Attosecond Hard X-ray Pulses
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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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XX-022  Surface-induced Chirality in Organic Semiconductor Thin Films

and Its Application to Spin Filter

Name: Chao WANG

Host Laboratory : Emergent Functional Polymers

In the present study, an unprecedented link between
the diradical character of organic semiconductors and
organic magnetoresistance (OMAR) was discovered.
In organic spintronics, OMAR is a phenomenon in
which low magnetic fields can greatly change electric
current in organic semiconductor devices with
nonmagnetic electrodes. OMAR is interesting not
only from the viewpoint of physics but also from its
potential applications like magnetoresistive sensors.
A diradicaloid molecule with high semiconducting
performance based on the quinoidal benzo[1,2-
b:4,5-b’]dithiophene structure (DTBDTCN) was
synthesized. This compound showed high electron
transport property in organic field effect transistors
with electron mobilities up to 1.01 cm? V' s,
which is the highest record for the diradicaloid
molecules. The diode devices based on DTBDTCN
showed a large change in the current density in low
magnetic fields with a strong dependence on the

Research Team
RIKEN Center for Emergent Matter Science

Laboratory Head . Keisuke TAJIMA

measurement temperatures; as the population of the
triplet diradicals increased at high temperatures,
magnetoconductance (MC) value increased. An
MC of -19.4% was achieved at 120 °C, which is the
largest negative MC observed for organic molecules
to date. I also synthesized a diradicaloid molecule
based on dicyanomethylene-substituted thieno[3,2-b]
thiophene (DTTTCN) and used it as a reference.
Unlike DTBDTCN, DTTTCN does not have thermally
accessible open-shell triplet form. Moreover,
DTTTCN showed no OMAR effect and much lower
OFET performance compared to DTBDTCN. The
link between the diradical character and OMAR
effect revealed by this study paves the way to organic
spintronics based on triplet diradical materials.

@ Publications
Papers
1.Wang C., Hao, H., and Tajima K. Essential



Role of Triplet Diradical Character for Large
Magnetoresistance in Quinoidal Organic
Semiconductor with High Electron Mobility.
Submitted.
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1.Wang C. and Tajima K. “A Diradical Semiconductor
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XX-023  Three dimensionally Architectured Nanocatalyst Inspired

by Deep-Sea Hydrothermal Vent

This research focuses on understanding alkaline
hydrothermal vents (HVs) in deep-sea and using HV as
a new catalyst. In this year of SPDR, I've been focusing
on the detailed structural and chemical analysis
of hydrothermal vent (HV) and proceeded further
with understanding the formation mechanism of
hydrothermal vent for applications.

We find that HVs have a hierarchical nanostructure
with periodic layers of aligned nanoparticles. Using
synchrotron scanning x-ray diffractometry, we
performed detailed structural and crystallographic
analysis. We observed the preferred orientation of {001}
crystallographic plane of brucite and alignment of
crystals inside the HV, especially in the periodic lines
of the wall part, and these alignments were continued
for millimeter scale. Further experiments, focused
x-ray scanning and optical polarized microscope,
corroborate this arranged nanostructures inside
the HV. The driving force behind this remarkable
alignment is expected to come from diffusio-phoretic
forces in which ion gradient conditions dominate the
movement of nanoparticles.

We performed spatial Raman mapping of HV
depending on the location. The walls of HVs are
mainly composed of brucite, but some part of walls
contain carbonate ions inside and surfaces are covered
with the hydromagnesite. This is the indication of the
easy of interaction of diverse ions and carbonate rich
environment (sea water) in some channels, and further
suggest the channels inside the HV are filled with
different fluids, vent fluid and sea water, making the

Name: Hye-Eun LEE

Host Laboratory : Biofunctional Catalyst Research Team

RIKEN Center for
Sustainable Resource Science

Laboratory Head : Ryuhei NAKAMURA

wall are exposed to the gradient condition. In addition
to the ion adsorption, we find that spatial distribution
of OH bond depending on the structural features,
possibly indicating pH oscillation during the formation
of the walls.

By using the ordered nanopores and leveraging
the surface charges inside the HV, we demonstrate
chemical osmotic energy conversion in the HV for
the first time. We observe a large osmotically induced
current of HV produced from ion gradients. The HV
accomplishes osmotic power harvesting by selectively
transporting various ions, Na*, K*, Cl', and proton
through the surface of nanopores.

Our observations show that aligned complex structures
can be formed by simple chemical gradients in natural
geological settings without the need for complicated
conventional methods, and the structure are further
equipped with energy harvesting capability. The
research results not only provide a new strategy for
the nanostructure fabrication but also give hints to
the study of the origin of life by answering how simple
inorganic systems can evolve into complex systems and
achieve functions.
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1.Hye-Eun Lee, et al. : "Chemiosmotic Energy
Conversion in Hierarchical Deep-Sea Hydrothermal
Vents" Nature Conferences Bio-Inspired
Nanomaterials, Seoul, South Korea (Online), 2021,
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Dynamics of the Charged State of Molecule Investigated by THz-photon STM
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XX-025 Evolution of Chromatin Dynamics Involved in Human Ageing Across

the Vertebrate Lineage

In the year 2000, I developed the “Comparative
Conformation Dynamics Framework using
Information Theory” algorithm (C2DAF-IT), as a
method to perform comparative analyses of diverse
Hi-C datasets. C2DAF-IT was used to test if highly
variable contacts during mitotic and post-mitotic
stages in mouse had higher mutational load (in terms
of number of SNPs), compared to chromatin contacts
that are less variable. In this experiment, the number
of SNPs per contact and the variance of contact score
across samples and time points were used to train a
Generalized Linear Model. The results show a non-
significant association between SNP and contact score
variant, falsifying our hypothesis. That said, the mouse
Hi-C data showed that C2DAF-IT is able to classify
chromatin structure data according to their biological
state.

After testing C2DAF-IT with samples from the
same species and cell type, varying their biological
state (mitotic stage), Hi-C data from the FANTOMS6
project was used to test if C2DAF-IT is able to process
and classify data from diverse cell types. 9 cell lines
or tissues (dataset) were used. The datasets are all
replicated, and include both stem and differentiated
cells, as well as samples from cancer and diverse organ
systems.

With C2DAF-IT, I was able to cluster all datasets from
embryonic tissues and stem cells (H1lhesc: embryonic

Name : Juan Felipe ORTIZ QUINONEZ

Host Laboratory . Laboratory for Advanced Genomics Circuit

RIKEN Center for Integrative
Medical Sciences

Laboratory Head : Jae Woo SHIN

stem cells, IMR90: fetal lung fibroblasts, HUVEC:
umbilical vein endothelial cells), apart from more
differentiated (KER: keratynocytes, SkMC: skeletal
muscle, MEC: Mammary epithelial cells,) and cancer
(HeLa: Cervical carcinoma, HepG2: Hepatocellular
carcinoma, A549: Adenocarcinomic cells) cell lines. Of
interest is the location of SkMC and HepG2 samples
as sister clades. C2DAF-IT was able to identify that
both SkMC and HepG2 share the genomic interactions
involved in the regulation of the hepatocyte growth
factor, which has been reported to be important in
metabolic processes in skeletal muscle, and expressed
in datasets from the FANTOMS5 projects.
Furthermore, C2DAF-IT was able to capture genomic
regions involved in cancer-related phenotypes across
chromosomes and cell types. This is a significant
advancement over methods that do not consider
developmental relationships between cell types,
because with a phylogeny as a support structure,
C2DAF-IT is able to capture the temporal sequence of
chromatin contacts that give rise to a developmental
program. It is important to note that the algorithm
assumes that all the cell types in an analysis share
a common developmental ancestor, which is only
partially applicable in the context of the FANTOM6
data. In the next stage of the project, a more
biologically relevant sequence of developmental stages
will be used as input.
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Reconstitution of the archaellar motor using artificial cell-membrane microsystems
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XX-027 U RNA/DNA RKY X F—E¥OHEIL ~ [ M TNV T <] ORHEICHES ~
Resurrection of ancient RNA/DNA polymerase
~Unraveling a mystery of origin of Central Dogma~
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Spatiotemporal imaging of biological macromolecules
by complementary use of cryo-electron microscopy and molecular dynamics simulation
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Evaluating Evolvability of Vertebrate Embryonic Morphology by Mathematical Model and
by Comprehensive Measurement of Cell Migration and Signal Molecule Distribution.
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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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XX-032  Multi-omics Data Integration for Epistasis Detection

My research leverages on machine learning to advance
our understanding of biology. Specifically, I aim to
find genes whose expression or other genetic factors
that are good predictors of a disease, with the hope
that improve our understanding of the underlying
biology, and even can be used for diagnosis and
treatment. In the last year, I have worked in finding
good genetics predictors of familial breast cancer and
inflammatory bowel disease, as well as potential drug

Name: Hector CLIMENTE GONZALEZ

Host Laboratory : High-Dimensional Statistical

Modeling Team

Generic Technology Research Group
RIKEN Center for Advanced
Intelligence Project

Laboratory Head . Makoto YAMADA

targets for acute myeloid leukemia.

For that, I use and develop methods that combine
experiment data (GWAS or RNA-seq), and prior
biological knowledge in the form of biological
networks. Such networks are a compact way of
representing functional relationships between genes.
Since genes that cause a disease likely contribute to
similar functions within the cell, combining both
sources of information boost the statistical power
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of our experiments, and the interpretability of our
discoveries.

Within this context, I work in three main areas of
research:

* Development of network-guided feature selectors,
and their application to understanding the genetics of
complex diseases, and of treatments for leukemia. In
this regard, I work on applying and extending known
algorithms, like SConES, SigMod, and graph Lasso.
Development of non-linear feature selectors, that

is, the methods that try to discover relationships
between genes and a phenotype without making
strong assumptions about their nature. This allows
to detect new relationships that go un-noticed under
conventional approaches. This involves work on
selection inference using kernels, particularly on
algorithms like HSIC Lasso and knockoffs.

Development of protocols to discover epistasis.

Epistasis involves statistical interactions between
two or more genes that produce “surprising” effects,
that is, effects that would go unnoticed if studied in
isolation. In this regard, I am particularly interested

in detecting of epistasis along known gene-gene
relationships, provided by a network.
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Capturing Snapshots Of Dynamic Protein Structures In Amyloid Formation And Disaggregation
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XX-035 MEASUREMENT OF CHROMATIN ARCHITECTURE, AND
ITS FUNCTION IN REGULATING NEURONAL ACTIVITY
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In the original proposal, the major goal was to
investigate chromatin structure and gene expression
changes in neurons at different activity states and/or
neurons from mutants showing abnormal neuronal
activities. The subgroup of neurons of interest is
specific. Together with other technical issues in
dissociating the type of neurons I am focusing on
(C4da, somatic sensory neurons located in between
muscles and epidermis), it makes it difficult to acquire
pure and abundant DNA or RNA for sequencing. I
have optimized a protocol working for RNA samples
as low as 250pg for sequencing. Some test samples
of manipulating a transcriptional factor potentially
important for C4da neuron development will be sent
out soon. For studying the chromatin structures and
regulations with DamID-seq or ChIP-seq for a small
number of cells, more input sample amount will be
needed for DNA. I am currently working on further
optimizing our cell dissociation protocol to increase
the starting DNA material could be used for DamID
or ChIP-seq.

Chromatin modification/regulation and
transcriptional factor genes that could affect neuronal
activity will be the ones of interest to perform
sequencing experiments. Based on our data, the level
of one C3 and C4da neuron transcription factor, cut
(ct), increased after C4da neurons are activated either
physically or genetically. Manipulation of ct expression

RIKEN Center for Brain Science
Laboratory Head : Adrian Walton MOORE

in C4da neurons resulted in similar behavior output
changes as manipulating the activity of C4da neurons.
I have re-analyzed our old microarray data for samples
with ct overexpression in da neurons. I am planning
on performing RNA-seq on samples with genetically
silenced or activated activity. After optimizing the cell
dissociation protocol, I am planning to run DamID
or ChIP-seq for CT as well. Combining those datasets
together, we are hoping to explain the roles ct plays
in response to neuronal activity changes and to
identify genes regulated by CT that participated in the
downstream behavioral changes.
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Integrated Analysis of Heterogeneous Biological Data by Coupled Tensor Factorization
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Role of food antigen in the regulation of intestinal tumorigenesis
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nah. MAIRERIBY 7 A TlE OVA B DI RIZR A
RS LT W, INSDERN S MIEREDRYFRD
BDAHETMRERRRARANOZFEVICESETS2E%
~UT,

RiT, A IZIVIRICH T2 THROFEEICT T 2R
ROFEE%=SENICANSDR. BYINREZRVCE (&
MER) TEBLLEYIRAD/ A T)LikZEBW\WTIHENS
VATV TN =L ZITolco ZDFER. N1 TILIR%E
BT 2 THREOBRIERENICIHSHCR> e HIT,
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INSTHREOFEICHUBYNMENEELRREZR
LTWBZENRS NI,

e FEERBICESNBERARKEY 5 APCMINT Y
2EFEMRERTHE IS LERORDEMT S & HIC,
MEEWRZE ID1EANIN-THE>FZ—THiEZD
BN EADTEEERHBULT Wz, REERLDEEIC

SERRZEIT S0, MEEUTBSAZ AR ULENERRT
APCMINnY I RZEBE L& 25, INGDTRIANIL/N—T #l
REFS—THIEOBDEMNESnZEEEIC, BRED
ENBEBERONVALRARBEXCREISMEHBRZRE
oo UTeh¥oT. BYTRIHLSRIES OFREZIFITZ
ZENTRENT,

XX-038 THILAKERE 2 SHEi 9 & s REAIRER D 57 BB AT

Molecular Genetic Analysis Of Sympathetic Nervous System That Modulates

Gastointestinal Functions

BHIBEIL. BRI T TR BEMROEEERE
ELH3|ERIT, BHEEICHEITIMRDL ILESHE
BEDREICEB L. BRPIREES MR EDKRDNIEE
HzEEH2WERBEITIENNERLEROZHEF
TEIFTS5NTWD, LA L. DILER. WIRIER. SHILEE
RBEEERHRICL>THIES 2 EMmICLBD AR
BEDEEE. BEDQOLZEULLETIEZICHEDS
FIREEIEIFEAEARSNTWRW, R, FEEHEHR
ERAREDERR/NT —V I FRARSINTED, JHFED
DT EEENFENLELEBAINTVWSOICTLT B
EHREDODHEPZOENSRIEICDOVWTOH R
EFDRW, REHRICBLTIE. FastgiExXiRT 5
RBHRERHROERBIEPEGFLARILTOME
M. £ BEDHIFIFHRHM XA I 2 DISEFIDFEZ N\
FNEHEHRDERD. BEDFEMITDM>TWERW, ZF
ZT AR TRIFBEHBRRTEDN VBRI VYAY
FIAEH —MIENS VRV T NI VR REERE
EVWS ROV —ILZRBHBEDOARICIGAL. Hb
BRILEEZHH I DR BB OBEENMFRITE H L2t
BenHlEEEIE U,

REEE, “FERBIAIINREBWNS YRV F TR
EHENREHBRRTHMEETIN EWSEEEZIE

MEREKS : #BE BFF Yukiko HARIMA

RAMRKE | EmEEREHREY Y —
H®IXI N0 AARF— L

(FABR =3 M)

TEBFIETRIUHER. BB EREZHIEHT DR
TR R TIIBEBEL R W EAES NIz DED.L H
LB Z B I 2R BMBE, Y F TRENUTHA
ZHT DN TERD oI, FEEZEA TR E
T3 ofco BAEMICIE. SHILERHEREZ Bl 9 2 23 B
iR OMAENERL I 2R - LIBRRESREIC
WITHEDAAVEEEEAT DI EICLD. BHEAICAE
TR B RERIHR T HAER T D EICHI LT,
I5lc, BHEOBERE. Z4 M —MBEMIEREICEOTR
RERFHHReRkTdLickd, cnErTHS
NTWERD TR ZES NI U, REF. &
BINRBERERBREEHUAICKDEITL.
{L 2Rtk REZ Bl 9 2 E AT R O BRI R R D AR AR
ZEIELTWD, [FRMITIE. HLIREEEHIEICEED 2
EFRIU AT R E RN ISEE (L U E A % 5
N, ISICEFRESNLIBEAED NS VRS F T RIE
HEZIRELL . FFEDETRIHIR S I I DR MR O

BNt ERRATHERIZIEEBEZEELTVS,
TDESIC, HLERHERE T BT I 53R AR AT R
DBEZNREHERAN, HHT2FEERIITDIIEIC
&0, SHI LI HRIHIBFHEEEFIEHANOTREMD EIRF S

ns,
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XX-039 FIH A FHEii 2RO, HifHeEIC B T 5 FRGiE{Eo

I EHBEEA D TR

Significance of epithelial cellular senescence in lung fibrosis: discovery of new drugs using

alveolar organoid technology

Fli AR MERE (S OIS ICHEWERERAEIN T 2 ER R R
TH B, FAEICISATAE LMD, MIKARAAD, FIZERHE
R EEBOMBENMEENICES T 2D HREDHE
O (SHHRE LR, FICHEERHERE TH 5 || BYAifE L A
2 (AT2) DIEE LilfgZ it BES N TS, EEICE
NRMELRTICE T2 AT20, FifRIEESEER T LAY
1Y (BLMEEEZIF X IRAAT2WITNTH, b
ICBTBREJH T FILTH S p53 signaling hVEMHE(L
LTWa &, DM RECHEERFTHS
TGFBDY—REBS>TWBAREENRESINT WD, Z
CTEITERIG AT2HENICPEIERTE /v IT T
(KO) T2V IRZMER L. TONY IR TIEERICHRME
eI S ez s, AT2ICE1F3 p53 signaling
DRI ZFEL WD I xS Ui,

RIS, in vitro TAT2% =R TiEE UCER I 2 Mt
FIVA /AR, in vivo EERICBLMRIBZINZ 5 &\
PIED p53 signalinghsFE I, TGFBOHRIEMN LR
FEIEN DD ofce IBICIDAIVA /A REIGHES
gz HIEE T 5T HRESFHERA D MEHHERR
TERIENS, invivo DRfRIEILETIILEBEICEKIIL

HREKS - 124K FE  Yasunori ENOMOTO
RAMRE  EaeERZmRty 5 —
IR 2R TR T F — L
(FAER /A 7K
feo FIECDETIVICHEWT, pb3KO-AT2ZEAWS &,
BLMZ/ERE € THARMEF MMM IEIEhs T
ENERTE .

ISH DEEEFER LD, TGF B (isoform 1-3) I&in vivo
TREADOMEISHMBIN., INEAT2ICERASES L
BLM##7a L TH p53 signalingZz LS T2 &N
bhotce 2D, p5b3 signaling BNTTEL 2 AT2Hh
SHWENBTGF Bl AT2EZ I HHER L. p53-Tgf
B signaling loop ZFR L TWSAEEENN RIS Tz,
INZBEEZ. AT2REMNICTgfor2 &=z FE2 KO T3V
DRAZERRTHD, INZAWLT, ZDsignaling loop
ZRERTENITIRHECZMHEI TEENRILFE TH Do
FINSOBREBER. MRHEEDHREAMERL
BY%E in vitro THERL. TNHEBRICIn vivo THIDHR
HALZIMEI TEBDRILT B, S5IC. ERNAT2ICE W
THVIATRONDZRRKROEFDEHENBIREN
B200., THLEERKRHEBANDOEBOREMEZRIT 2
o, e SBEEBEEEUZ primary AT2ZFWE
FRHETHTH B,

XX-040 PURHTH B X ORBMASURIC & 2 FE XM TE) O 53 SR O iR

Neural Basis for Affiliative Social Contact in the Preoptic Area and Amygdala

H2MBYTHIE MNCBEERE—BOEY 3B
NZHRUTERIT D &2 TT, TN E=HIMREEE
() ([CHBUICRB L. IBIRIGEFEN DR
BEfERDDITHNESN D, FIZIEERBLEERE
DFEBDEENSHINRRHESND &, RREERIC—
RN EEOEMPCAFRZRULKRD 2T} A 5N D,
LA LA O FRAIC B0 2 iR #A8 IC DLW TId R AR AR
BREADZ W, BIEEE TORAM S D 2% FWFR

zRERKS - 8% B3 Kansai FUKUMITSU
RAMRE : HHAREREHEEY 5 —
BRI RTEMEF—L
(FFER 8BH AX)
< AAIRZRERE (MPOA) ICBEIZ ALV
AR (Caler) ZFIRI B HRMEREDN. L ICHRIIME
Bt UTcRrIcHEoIom S Al Bk & 2tz Kk 6d 21TED
(contact seeking). B LUV WEH 2HERICESE
HLfceElcH 5N 5EA1TEN (social contact) DF
FHOHEICE DB ERBASHIIC Uz, FizCalcr@ A
YRTHZTIU(Amylin) ZHIRT ZHizH MPOA
ICFBTEL. Caler+ g & B2t 9 5 Z & Z L REZERIBRAT AN
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SHESMC Uz, UL, PEUVE LIV TIVUEHE
9 5 R DL 2N EARTEIN DR S ICBI L TIERES
T RD o Tco

REEF UTOERBEZTS>IETFIY Vv hsocial

contact& DT U 3 contact seeking DHFIEICBEIH S Z

EzZBPES5SMITUT,

M 72V>0 /v 778 7ZX(Amylin-KO) Z B
T %E{T>fc& 23, contact seeking T8 I8
EIRRA DA SN,

(2) Amylin-Crex 7 2%ZRW, MPOA 7 X' > #IH i
FERFEMICEE R DREADD Z R RS BEH I & T
LR2EGEENICTIVVERBEMRZEELTZE
contact seeking fTENICIEMMN A S5 T,

(3) MWRILEYTHBT7IU>%in vivoTMPOA [T
WAFEAZITSE MPOA ALY M Z Y ZRARE
MEEASEM LT3 &% REEBEFRETIC K DEA
SHhT LTz,

@55 _E3k Publications

(RZEFX)

1.Fukumitsu K, Kaneko M, Maruyama T, Yoshihara
C, Huang AJ, McHugh TJ, Itohara S, Tanaka M,
Kuroda KO: "Amylin-Calcitonin receptor signaling
in the medial preoptic area mediates affiliative social
behaviors in female mice", Nature Communications
(2022), (in press) *

2.Yoshihara C, Tokita K, Maruyama T, Kaneko M,
Tsuneoka Y, Fukumitsu K, Miyazawa E, Shinozuka
K, Huang AJ, Nishimori K, McHugh TJ, Tanaka M,
Itohara S, Touhara K, Miyamichi K, Kuroda KO:
"Calcitonin receptor signaling in the medial preoptic
area enables risk-taking maternal care", Cell Reports,
35(9), 109204 (2021) *

LEXER. EHAXBEETHEBETEOEY SR,
Rl (OEARRD | Vol.39, No.5, 546-552 (2021)

XX-041

anti-tumor immunity

B cell-derived GABA elicits IL-10" macrophages limiting

Name: Baihao ZHANG

Host Laboratory . Laboratory for Mucosal Immunity

Small, soluble metabolites are not only essential
intermediates in intracellular biochemical processes,
but can also influence neighboring cells when released
into the extracellular milieu. A growing body of
research addresses the flux in metabolic products
produced and consumed by different immune cells
in various stages of differentiation and activation,
however the mechanisms how secreted metabolites
with signaling potential impact on immune responses
have not been well understood. Here, we identified
the metabolite and neurotransmitter GABA as a
candidate signaling molecule synthesized and secreted
by activated B cells from glutamine pathway. We
showed that CD8" T cells stimulated in the presence
of GABA secreted less inflammatory cytokines, and
stimulation in the presence of muscimol, a selective
GABA, receptor agonist, significantly decreased
activation and proliferation in a dose dependent
manner. We also found that B cell-derived GABA
promoted monocyte differentiation into anti-
inflammatory macrophages which secreted IL-10 and

RIKEN Center for Integrative
Medical Sciences

Laboratory Head : Sidonia FAGARASAN

inhibited CD8" T cell killer function, while additional
GABA, receptors antagonist-picrotoxin attenuated
IL-10 expression. These results indicate that direct
or indirect signaling via GABA, receptors is the
mechanism by which GABA released by activated B
cells may influence the functional properties of nearby
T cells. In mice, B cell deficiency let an insufficiency
of GABA production, it enhanced cytotoxic function
of tumor-infiltrating CD8"* T cells and promoted the
differentiation of tumor-associated macrophages with
pro-inflammatory properties, while supplementation
of GABA attenuated those phenotypes. Furthermore,
GABA, receptors signaling blockage or B cell-
specific inactivation of the GABA generating enzyme
GADG67 facilitated anti-tumor responses. Our study
reveals that in addition to cytokines and membrane
proteins, small metabolites derived from B lineage
cells have immunoregulatory functions, which may
be pharmaceutical targets allowing fine-tuning of
immune responses.
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@ Publications

Papers

1.Baihao Z., Alexis V. and Michio M., et.al. B cell-
derived GABA elicits IL-10" macrophages to limit
anti-tumour immunity. Nature. Published*

@ Oral Presentations

Conferences

1.Baihao Z (instead of Fagarasan S.) The 50th Annual
Meeting of the Japanese Society for Immunology,
December 8-10, 2021

2.Baihao Z (instead of Fagarasan S.) The 19th Awaji
International Forum on Infection and Immunity,
September 29, 2021

XX-042 VSO EITKBHHE %A HHIPETERE O R &t

Computation and neural implementation for insight-based learning

in posterior parietal cortex

B RTEORIREREICFE TSI LB DERE
DIHICEETH D, 0S5O IFBARNLMBZFIET
BIETEDESBARBEBZARICTDEEZSN
TWBH, ZOFEREBROHEERISHSHNICEST
WEW, AIRRRE CIHEGRIRIENB ST URICH
RRMIC 20502 HSRBAMOBEZNREEZE
S ZOROHRFE ZLFK. ROBRIEITZZET O
SHEEFHRAHZRRT D HRELEENEBEFOH
BEMYAFIVRADEICHETDENRIBIETIIE
BIENDEWSRFZERIET %,
INFTORRICKD, HARETHFELULKEREIIE
REZRAWIYVATRELTOSHETEIZSIERT
Y2 L SRITEREOMILICKRINL, SSICDEBYIEE
HRBITICED. ZOREROCENDOSHETEIED
BEEBESNNCUTE
AEEFE, TEFROY IO @R MIEZ DR BIET
LY RNOE S ENOY RVE S Y
(1) Neuropixels 70— #BWESREBDORZHEIL
Us TTEIHRONY I ZADEB D MHEHIEDEE Z 50
BRI MREE TR I B EICHIN UTc, ol &7
WMRICLDRERSNC AR TETTRT — 5 Z BT
U RER TN R BREZ R U FOMIRE
M1 FI VAN ROBERERTEDMBERZ
AE Uz,

(2) Spatial light modulatorz W z/RAT 571y
IRRBEBZEHL. 2HFBEHMEICLD ALY
VLAA=I VT ERBPEDESDIET KRR

MHREKE : K% Ryo AOKI
RAMRE : MHERPERRE Y5 —
REBBREHRRF —L
(FiE& Andrea BENUCCI)
opsinT# % ChRmine = IR L7~ U XD ##ZE
R0 ES Z —HRREA THIE IS Z SICIIUT,
REEEFINSOERREBVWTIEB LT —YDF
EITWN. OSHEZESHBRIAFIIIEESHICT
5 EHERPBD COMEICEIDBENIZAMRIE. EbD
HEZZZ 2 HREBZHSHICTIREIT TR AT
HMEEDDFICHITDEBRFEEREDLDHTNAZTILT
VALEAVYRIATIBIEDNERTFEND,

@:t %X Publications
(FEFR)

1.Dmitry R Lyamzin, Ryo Aoki, Mohammad
Abdolrahmani, Andrea Benucci: “Probabilistic
discrimination of relative stimulus features in mice.”,
Proceedings of the National Academy of Sciences of
the United States of America, Jul27;180(30) (2021)*

2.Abdolrahmani M, Lyamzin DR, Aoki R, Benucci A
“Attention separates sensory and motor signals in
the mouse visual cortex.”, cell reports, Jul 13; 36(2)
(2021)*

@R R Y —FFK Poster Presentations

1.Ryo Aoki, Javier G Orlandi, Andrea Benucci:
Sensory plasticity driven by single neurons in the
mouse cortex, F44EIHABERZAR, HF/ A
74> Jul (2021)

2.Ryo Aoki, Javier G Orlandi, Andrea Benucci:
Sensory Plasticity Driven by Single Neurons in the
Mouse Cortex, Society for Neuroscience, ¥/ 7
> 24, Nov (2021)
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XX-043  Attosecond pump-probe spectroscopy: ultrafast dynamics in atoms

and molecules

Name: Bing XUE

Host Laboratory . Attosecond Science Research Team

In the present study, as one of the most targets of this
research project, the experimental characterization of
the generated isolated attosecond pulse (IAP) by using
Frequency-Resolved Optical Gating for Complete
Reconstruction of Attosecond Bursts (FROG-CRAB)
is successfully implemented in the fiscal year of 2021.
By applying pumping/probing beam polarization
management and introducing silicon-based Brewster
angle beam splitters with NbN film coating, this
research solved the beam separation problem during
the high-power IAP generation. This is the world-
first demonstration of FROG-CRAB measurement
on a 10-Hz repetitions rate. The generated IAP
is experimentally measured through attosecond
streaking trace with pulse duration back-retrieval
procedure. The final reconstructed results show the
retrieved IAP pulses is 226 as. This result indicates the
output peak power for the isolated attosecond pulse
exceeds 1 gigawatt. This result shows the advantages
of generating IAP through the waveform synthesis
scheme and gaining high power output. The result
also proves the completion of a table-top high-power
attosecond pulse source suitable for the attosecond
pulse applications. The relative paper for publishing is
under peer review now. Later this year, two application
proposals are established for using this intense
attosecond pulse source. One is using the intense
attosecond pulse to generate the second harmonics in
the soft-X-ray region, this will be one application with
both creative and impressive facts. Another application
is one extension of the method of all-optical FROG-
CRAB measurement. This will be helpful for the
attosecond pulse fast characterization and tune. The
current progress follows the schedule steadily.

RIKEN Center for Advanced Photonics
Laboratory Head : Katsumi MIDORIKAWA

@ Publications

Papers

1.Xue B. Midorikawa K. and Takahashi E. J.: Advent of
a gigawatt-class, tabletop, isolated-attosecond-pulse
light source. Optica submited*

Review articles

1.Xue B., Tamaru Y., Fu Y., Yuan H., Lan P., Miicke
0. D., Suda A., Midorikawa K. and Takahashi E.
J.: A Custom-Tailored Multi-TW Optical Electric
Field for Gigawatt Soft-X-Ray Isolated Attosecond
Pulses. Ultrafast Science, 2021(2), 9828026. doi:
10.34133/2021/9828026 published

@ Oral Presentations

Conferences

1.Xue B., “Table-top GW-scale intense attosecond pulse
generation and characterization”, in the 2nd RAP-
XIOPM Joint Seminar. Online 2021

2.Xue B., Midorikawa K. and Takahashi E. J.: "1.1-GW
213-as soft-x ray isolated attosecond pulse created
by a fully stabilized 50-m]J three-channel optical
waveform synthesizer," in Conference on Lasers
and Electro-Optics, OSA Technical Digest (Optical
Society of America, 2021), paper FF2K.6. Online 2021

3.Xue B., Mashiko H., Oguri K., Midorikawa K. and
Takahashi E. J.: "GW-scale 216-as soft-x ray isolated
attosecond pulse created by a fully stabilized 50-m]
three-channel optical waveform synthesizer", in the 68th
JSAP Spring Meeting, paper 19a-Z06-6. Online 2021

4.Xue B., Midorikawa K. and Takahashi E. J.: “ {E#&Dix
LL—H—icE2mE ks >y —Ff%E ", in

the 7th ultrafast optics online symposium. Online 2021

—111—



XX-044 & Q MBUINEIRERIC KB Hi7z 2 F ) A0 — VIERIEE A DO Bith

Exploring Novel Nanoscale Nonlinear Optics using High-Q Optical Microresonators

= QEHINEHIRE FBHN B E—NRERICL —
H—HEBWEICEALIADZIEDTEDRFTH D,
DESBHNAZERFZFBITZIET Q/VICHKHIL
TABEZSHDIENARERD, KINSXKNI Y I8
BZREUHETIRABYBRKREE AT D D A6
IC718%. ZNICEDRERBEE MDD BRFLPEENVE
ESNBDEOBEBEELEM P, HFHEZRFTLHL
SBABFRIMHA Y F VT TRRENZDLSBEAIC
BoOTE o AMETIE. ZDLSREBE QERMIVEHIR
BRTZAVBIETH/NILRERZIRUHETDEAR
DIFMEAFRREEFETEZED BERTF/YTY
TV eRmE L. MEFRTAFZORBZRRELTWS,

—MREICBR-RITMEDELSBF /I TU7ILDIE
RIEHAFPRREER EICRRICBEESNCDE, &
BE/NVAL—Y—ZzZRNICRE T ETHRESN
%, LU, Uik EICEREFE IS CET BQ
EHRFDBVAFACADEZN L THE-—FEDER
ZRAIBIENTES, ZNRICEDERTHZICL —
YK EDHEEBRDONSBF/ITUTILEDKEY
BEOHEERERENICESH S EDNREFTES,

REEIIS QERICHIRFDIERE KU PR
AT ORBRRZHIcICILE LT U ARUNEHR
BN TREITDHBEAZNREFANITHENTE
foo e, HERBTEWVWEFHEZEHD CCDAERE
RICEBRERZEBEL. TNSDOERERFRZRVWTER

HREKS  BEH B Shun FUJI
RAMRE : KEFIFEAREY T —
EFATMILZMOZIR
WRF—L
(FRBR Ik HE—ER)
FRRIC K> THUIAIIRBATRET 2E_SHKE
SUOE=ZREFABBEICE>TRELVHARI ML E
BRIUTc, SOIBEBENS/ T7AN\—DIERFEZTE
MU, IheRWTBRZR T eEBUIL7A b2y
7 fERIIRE O AR IE DT ICHIHTHINT DR
B IRES SERTFH/ MRDNAT Uy RRF(CH
THRMREHETHIENTE . LRICMZ. ®QE
HHIRFZAVCERDVRUABREALDFKEEZN
ZHRAUKRBENIEICET2RRAERET o1

@55 LR Publications

(RZEFRO)

1.Fujii S., Tanaka S., Ohtsuka T., Kogure S., Wada K.,
Kumazaki H., Tasaka S., Hashimoto Y., Kobayashi
Y., Araki T., Furusawa K., Sekine N., Kawanishi S.
and Tanabe T., “Dissipative Kerr soliton microcombs

for FEC-free optical communications over 100
channels”, Opt. Express 30, 1351 (2022)*.

@[1ZEH XK Oral Presentations

1.Fujii S., Wada K., Kogure S., Kumazaki H.,
Kakinuma Y. and Tanabe T., “Formation and precise
control of high repetition-rate soliton microcomb in
high-Q optical microresonators”, The 42nd Annual
Meeting of The Laser Society of Japan, Online, Japan
(January 2022).

XX-045  Exciton physics in 1D-2D heterostructures and its applications

Name: Nan FANG

Host Laboratory . Nanoscale Quantum Photonics Laboratory

After the discovery of graphene, extensive research
has been done in nanomaterials. The search for
additional two-dimensional (2D) materials has led to
the findings of hexagonal boron nitride (h-BN) and
transition metal dichalcogenides (TMDCs). These
2D-materials are bonded by van der Waals (vdW) force

RIKEN Cluster for Pioneering Research
Laboratory Head : Yuichiro KATO

between individual layers, and combinations of one-
dimensional carbon nanotubes (CNTs) can create
1D-2D mixed dimensional vdW heterostructures.
h-BN is atomically flat with low defect density, which
is widely used to support other 2D materials for
both electronics and photonics. We expect that the
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advantages of h-BN can also be utilized in mixed
dimensional heterostructures, and single-walled
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
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
sensitive to the dielectric environment, and intimate
contact with the 2D h-BN substrate could result in
large modifications in excitonic energies. Tungsten
diselenide (WSe,), one type of TMDCs, has close
excitonic energy of CNT. A strong interaction between
WSe; and h-BN is therefore expected.

Here we investigate two different types of
heterostructures consisting of 2D materials and
CNT by using PL excitation (PLE) spectroscopy. For
CNT/h-BN samples, CNTs are first grown on a SiO,/
Si substrate, and we prepare h-BN flakes on another
Si0,/Si substrate by mechanical exfoliation. The
CNTs are picked up by using a PDMS/anthracene
stamp and transferred on the target h-BN flake
by using the micromanipulator system. PDMS is
peeled off and anthracene is sublimated at 110°C,
leaving a clean surface for CNTs. Although CNTs
are transferred on both the h-BN flake and the SiO2/
Si substrate, only CNTs on h-BN show bright PL.
Compared with conventional substrates, the h-BN

substrate is atomically flat with no dangling bonds
and low defects density, which might contribute to the
considerable suppression of the substrate quenching
effect. In samples where h-BN flakes are transferred
on individual air-suspended CNTs, the chiralities
are unambiguously assigned and the same tubes are
tracked for h-BN effects. Bright luminescence with a
narrow linewidth is observed from the CNTs directly
attached to h-BN at room temperature, indicating
weak quenching and small broadening effect from
h-BN. Excitonic energies are found to exhibit
considerable redshifts as well. The results demonstrate
the ideal properties of h-BN as a substrate for CNT
photonic devices. For CNT/WSe, samples, we observe
a clear exciton transition from WSe, A exciton state
to CNT Ey; state. We also find that a clear activation
of k-momentum states as well as dark states in CNT
occurs by integrating the thin WSe, flake.

@ Publications

Papers

1.Keigo Otsuka, Nan Fang, Daiki Yamashita, Takashi
Taniguchi, Kenji Watanabe, and Yuichiro. K. Kato:
“Deterministic transfer of optical-quality carbon
nanotubes for atomically defined technology”, Nature
Communications, 12 3138(2020)

@ Oral Presentations
1.Nan Fang: “Excitons in mixed-dimensional

heterostructures”, " EEERIEMAFT & "ANTORME
52, 2021 FLERMES, (2021)

XX-046

BIREN - E OEGIBRIC K 5 aa 4 FET Fy b OMRCEREAR DO

Low-Dimensional Superstructures Built by the Complex Formation between Colloid

Quantum Dots and Cyclic Ligands

RRIF FREREALFEBRT Y TL—MckD
EiEE - B RE CHE L0 FEEHEFRY
b (QD) DEXRTEBEDRIRZENE T 5, FRIREL
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ZBHU. QD \DEHIANZXLZESHICT B, BRIK

AREKS © #2K iz Kazushi ENOMOTO
ZAMREE : AIRYHERZHREY 5 —
BIRBYFMEHRRTF — L
(FBR * Bi)
Fo (i F DsBIRIERR L. QD DE A E D HIME., BISHE L
QD DEFEEM OFIHZAREE T2, SI5IC. BRTY
TL—hEifiEBAEDER I TREBIRTBE S Z
BlHd 2, CDEE QDA RERYAADEICEL>TH
RTVTL—hEO QDEDEEERZRREE T 5, A
Fid. BEFOEMFICLDEE TIEARLEZRWQD
{LEEHES 2RI T DD D EHARFS 5,
REEE, ATEEARUVCBRREMTOBHESRE
KODEY A RERI OV NI T T —EBERAW YA
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UTciRBE TV, EEF9F23,000-16,000 g/mol
DEETHFENMIOIRBEESHBR TSIV avIC
DFIBZENTE BN FA—ILBRLBRIRE LT
EQD EDEELERF Uz, LA LAEDS, BY1XE
QD ORI REICEAREREIFER I N AL ol ITRIK
BRI F DY+ X& QD OEFREOHBEREROAEICIE
HEMBREDRETHBEEITND,

@5 K Publications
(REH)

1.Janjun Liu, Kazushi Enomoto, Kotaro Takeda, Daishi
Inoue, and Yong-Jin Pu, “Simple Cubic Self-Assembly
of PbS Quantum Dots by Finely Controlled Ligand
Removal through Gel Permeation Chromatography”,
Chemical Science, 12, 10354-10361 (2021).

2.Kazushi Enomoto, Risa Oizumi, Naoya Aizawa,
Takayuki Chiba, and Yong-Jin Pu, “Energy
Transfer from Blue-Emitting CsPbBr; Perovskite
Nanocrystals to Green-Emitting CsPbBr; Perovskite
Nanocrystals”, The Journal of Physical Chemistry C,
125, 19368-19373 (2021).

XX-047  Elucidation of structure and role of protein-protein interactions

inside spider gland

Name: Nur Alia OKTAVIANI

Host Laboratory : Biomacromolecules Research Team

Spider dragline silk proteins mainly consist of two
major proteins, namely, Major Ampullate Spidroin
1 (MaSpl) and Major ampullate spidroin 2 (MaSp2).
The N-terminal domain (NTD) forms dimer in
antiparallel orientation, which connects spider
silk protein (spidroin) network. In the FY 2021, I
focused on finishing two solution NMR structures
of N - terminal domain (NTD) MaSpl and MaSp2
from Triconephila clavipes, which just have been
deposited to protein data bank (PDB) recently. In
this study, we also clarified the sequential molecular
mechanism of dimerization of NTD by determining
the individual pKa value of amino acids, which are
involved in dimerization mechanism. Solution NMR
data showed that D40 has unusual high pKa value
around 7.1-6.5. Using combination of Tryptophan
fluorescence spectroscopy, chemical shift perturbation
and pH titration NMR data, our results indicate that
protonation of D40 as initial step of pH induced
dimerization mechanism of NTD. This process is
then followed by protonation of E79 and E119 to form
stable NTD dimer. This mechanism is universally
applied to both MaSpl and MaSp2.

Furthermore, due to similar dimerization mechanism
between NTD MaSpl and MaSp2, we hypothesized
the possibility of heterodimer formation between
NTD MaSpl and MaSp2. Using NMR spectroscopy,
we performed titration of labeled (**C, *N) NTD

RIKEN Center for Sustainable Resource Science
Laboratory Head : Keiji NUMATA

MaSpl with unlabeled NTD MaSp2 and vice versa.
We found two populations, correspond to homo and
heterodimer NTD population. Using semi empirical
method, we would like to determine the heterodimer
NTD MaSpl/MaSp2 structure in the future.

We also have been investigating the effect of phase
separation on conformation and dynamics of spidroin
since self-assembly of spider silk is mediated via
liquid-liquid phase separation (LLPS) (Malay et al,
Sci. Adv, 2020). Dragline silk proteins form LLPS
in the presence of high concentration of potassium
phosphate (KPi). Using truncated construct, namely,
R6-CTD, which consists of 6 repeat units of the
repetitive domain and C-terminal domain (CTD), we
monitor the NMR signals of R6-CTD as the function
of KPi concentration. As the KPi concentration
increases, we found that CTD signals getting
broadened, suggesting that CTD might form oligomer
or aggregates upon LLPS formation. Furthermore,
we also found that repetitive domain is getting more
rigid at high concentration of KPi, which is consistent
to our previous finding (Oktaviani, N.A et al, Chem.
Commun, 2019). Further analysis using full length
minispidroin will be performed in the future for more
comprehensive understanding.

@ Publications
Review
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1.Malay, AD, Craig, HC, Chen, J, Oktaviani, N.A.
Numata, K. The complexity of spider dragline silk.
submitted.

@ Oral Presentations

1.0ktaviani NA, Matsugami A, Hayashi F, Numata
K.: “Elucidation of ions effect on conformation and
dynamics of repetitive domain of spider dragline silk
protein: Implication on solubility and self-assembly™.
Fiber annual meeting, Japan 2021. June 9-11 (web
conference)

2.Oktaviani NA, Malay AD, Matsugami A, Hayashi F,

Numata K.: “Unraveling dimerization mechanism of
N-terminal domain of spider dragline silk proteins”.
70th Symposium on Macromolecules, Japan 2021.
September 6-8 (web conference)

@ Poster Presentations

Conference

1.0ktaviani NA, Matsugami A, Hayashi F, Numata
K.: “Role of ions on solubility and self-assembly of
repetitive domain of spider dragline silk protein”.
RIKEN BDR symposium. March 1-3

XX-048

KRNI 3 2 L— 3 »CEMY 5 BRI LB O S

Molecular Simulation-Based Approach to Protein Engineering for Future Medicine

YVNVBILTI/BRERZBEAT ST ERMW
RELVBRIGCHICERRBRREY VIV BEERET DT
ENTEZHD, BEEFESIES, TVFLICHULIFRER
AICEDWCEREZEGAVERBFEZRY ) —Z0 T
BFENERTH D, —A. STEEOMRER LEHEF
EDOHRICED. FVIVBDRFT A N ETE IR
ERDDDH B AR TIRMEDNFYIal—3a
VEIEICIZ T, XTI, 7/ LRE. BflfEaERED
BEROR A EIMEMAEDOED LT RERIFFEHRD
FHUD ST LT ORI Y —IL ODFFZETT D,

(i) MEROBREMEOERE D TILT I VIFEEE
EUIEYOEERETO—T
RIMERODREY TH DIFEEEE UILE Y (L
TPINTIVEFBEUTHEBALESNSZD FILT
SUERABLTVWRWI YTV REY)LE Y (UB)
FHTERDOMMERBEREDERIERESIERIT,
EEERMRICEE TEREIRINZRAET S
ZET EEBRUBEZEL I BN AIREEHD
UnaGZERKR7O—T 2K LIz, SEERE NI
BY VI ERET 2 ETRARRS TCORAILIC
Mt feT—9ZNETZFEL >, aA0FT1)L
ZDEEICLDIRUTc. REELIRICHEE T 2,

(i) BAECEEERECOEANBES N3 ERER
FyCD OREH LV LMMFER

fRREKS 15 [EfE  Zhengbo YANG
RAMRAE : MHERPAHAREY 57—
MR RERR R RN F — A
(FFER = L)
B3 B{=T yeast cytosine deaminase (yCD) (.
ZORZ v T B5-fluorocytosine (5-FC) Z i
fEHD5-fluorouracil (5-FU)ICE#T 5T &l kD
At ZHET 5, 2D, BRAEPHEEED
ZEEBELTOEAVBFINTWS, FFFEIE
28D yCDERFEERL. in vitro THRESHHER
ZHERU RO YCD KDMEBMENEVWE R
(yCD-K1., yCD-V1) &€ LTz,
SEFE 10BEOBMAICELTyCD-KI,
yCD-V1ZFAWS ZETRR LD B L DBEBEHRED
BWIEZERL. FirHEdT T Ui (KFE2021-
177570) . RERDERARBER(ICAT T, B FaER
D4 )LANRY H—cyCD-K1, yCD-V1Z#ZH L, [
RICEBEDEMEKTHRNH S EZIN vitroT
R, REEF. BEFRERAVAIANG Y —
NEABRESBHESVETILICHLTLDBEMNR
BN EZHERT %,

o, ERKZEFIEOHERAMARICELD, yCDZHE
B UZIPSHlaNEABERLUBEERERICERTHD S
E=ENSHTIZ(PCT/IP2021/13834), SEE LS| EH:
EEFEICA TR EED . KFEEIFERREER
DEBEICKHEREZLMET — 5 DWE KU Pre Clinial £
BETSTETH 2.
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XX-049 Microbiota-mediated Regulation of Host Digestive Proteases and Bile

Acids in the Gut: Mechanisms and Physiological Impacts

Name: Youxian LI

Host Laboratory : Laboratory for Gut Homeostasis

The gastrointestinal tract is constitutively exposed
to proteases including trypsin, a serine protease
originating from the pancreas. Elevated trypsin
levels in the large intestine have been implicated in
pathological conditions including infectious and
inflammatory bowel disease. We show that trypsin
is regulated via degradation by members of the gut
microbiota. After passing through the small intestine,
trypsin activity is markedly reduced in the caecum of
specific pathogen-free (SPF) mice, whereas germ-free
(GF) mice have high luminal trypsin levels. We have
successfully identified and isolated Paraprevotella
strains from the microbiome of healthy human
donors as potent trypsin-degrading commensals.
Mechanistically, Paraprevotella recruit trypsin to
the bacterial surface through type IX secretion
system-dependent polysaccharide-anchoring
proteins, PROKKA_00502 and PROKKA_00509,
and promote trypsin autolysis. Paraprevotella
colonization protects IgA from trypsin degradation
and inhibits lethal infection with murine hepatitis
virus, a mouse coronavirus dependent on trypsin
and trypsin-like proteases for entry into host cells.
Therefore, trypsin-degrading commensal colonization
may provide protective benefits against pathogen
infection. Bioinformatic analysis revealed additional
Prevotella species that carry PROKKA_00502 and
PROKKA_00509 homologues and have similar
trypsin-degrading capacity.

Our data also indicate that this microbiome-
mediated trypsin degradation is beneficial for the
bacteria: it enables the trypsin-degrading species to
compete more effectively with other members in the
gut. Therefore, this commensal-mediated trypsin
degradation may represent a symbiotic relationship
that has been less appreciated in the microbiota field.

@ Publications

Papers

1.Li Y.5, Watanabe E.§, Kawashima Y.5, Plichta D.R.,
Wang Z., Ujike M., Wu R., Ang Q.Y., Furuichi M.,

RIKEN Center for Integrative Medical Sciences
Laboratory Head : Kenya HONDA

Takeshita K., Nishiyama K., Yoshida K., Kearney
S.M., Suda W., Hattori M., Sasajima S., Matsunaga
T., Zhang X., Watanabe K., Fujishiro J., Norman
J.M., Olle B., Matsuyama S., Iwatsuki-Horimoto K.,
Kawaoka Y., Uwamino Y., Ishii M., Fukunaga K.,
Hasegawa N., Ohara O., Xavier R.J.*, Atarashi K.* and
Honda K.* (Sequal contribution): Trypsin-degrading
commensal Paraprevotella protect against intestinal
murine coronavirus infection. Nature. In submission®

2.1to Y., Sasaki T., Li Y., Tanoue T., Sugiura Y.,
Skelly A.N., Suda W., Kawashima Y., Okahashi N.,
Watanabe E., Horikawa H., Shiohama A., Kurokawa
R., Kawakami E., Iseki H, Kawasaki H, Iwakura
Y., Shiota A., Yu L., Hisatsune J., Koseki H., Sugai
M., Arita M., Ohara O., Matsui T., Suematsu M.,
Hattori M., Atarashi K., Amagai M., and Honda K.*
Staphylococcus cohnii is a potentially biotherapeutic
skin commensal alleviating skin inflammation. Cell
Reports, 35(4), 109052. (2021)*

3.Sato Y.5, Atarashi K.5, Plichta D. R.5, Arai Y., Sasajima
S., Kearney S. M., Suda W, Takeshita K., Sasaki T.,
Okamoto S., Skelly A.N., Okamura Y., Vlamakis H.,
Li Y., Tanoue T., Takei H., Nittono H., Narushima
S., Irie J., Itoh H., Moriya K., Sugiura Y., Suematsu
M., Moritoki N., Shibata S., Littman D.R., Fischbach
M.A., Uwamino Y., Inoue T., Honda A., Hattori
M., Murai T., Xavier R.J.*, Hirose N. and Honda K.*
(Sequal contribution). Novel bile acid biosynthetic
pathways are enriched in the microbiome of centenari
ans. Nature, 599(7885), 458-464. (2021)*

Review articles

1.Li Y.*, Honda K.*: Toward the development of defined
microbial therapeutics. International Immunology,
Volume 33, Issue 12 (2021)*

@ Oral Presentations

1.Honda K., Sato Y. and Li Y.: “Microbiota and
regulation of intestinal immunity” Principles of
Mucosal Immunology Course, Virtual, July 20-22
(2021).
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XXI-001

Rtk 7o a >34 7V ROEFARDORHL

On Refinements of Characteristic Epsilon Cycles and Conductor Formula

B 7Y OYEFELEKOEKERICIRNIEE
REHTH D, Galois RN B AN SEXDHZEICIE.
ZORFAAT7YAVRERFIE. BADKEANSEXDR
RANBEZAVWTRRTEDEEZISN TV, AF
El. 2[5 ICHRRAEROBRC 70Oy
HAFZHE U, EEHDOBE TR, [ERIROTY—IL
BIcUT 17Oy 3A7)LORBEZEBRT D
ICHREBDETEEZRTUC, T TR FEREICKD
RS hiclocalized Chern classh\&#59 %, Il
IY—ILEBDREEEHAEREORAFK(OIRED
INIVaIEE) THD. o, BERDBETIE. &
DBERRILERD BRI EDBETA 7OV EFh trace
formM5EFD R D Gauss ITEFZZ &M
Mofce FREZHMN2THRWEEFEICAHShTED,
Henniart K. FEBEKOARZEZBLZHDTH S, &
WMETIE. BREHI2EVD, HEFFEHIITESN
TWEBNSTIEBRICARZRFT 2 N HR L, ZOAH
Z—MRORTOIMIFRRIHRT DD ThHh 5D
BiZTH 2,

e BEBEVWSHREICEWT, REREZERTS

AREKS - TR KE  Daichi TAKEUCHI
RAMRE | EFAEREHRLEY Y —
TAEBRATRER S IL—F
BEMEF— LA
(FAER IRW &—)
EWSHBICHEEDEHS. —EDRRZETc, RER(EL
WA TER) [FRANRDIRIBROEANN DEE
BREETH 2. BIEREVS LDEHBNRIBEEORER
ORIGHIEAH, EWSHEBEIRSHRBRERBRTHD.
RBEHIBERERBIEZ LTEANIZEEZISNT
TW3, SEETIE, Bhatt-Scholzelc KDRFEI N/
prismzAWV2 EREFROBEFIBR TEZ I END
Mofce COERIFELERICITRZVELSICEBONZHN
SBEH DN IR & Bhatt-Scholze [T & % pE e
DREEZTRETDLSICBONZDT. SEROEREICH
FLTW5,

®[1EE3k Oral Presentations

(F=

1.Takeuchi D.:*Symmetric bilinear forms and local
epsilon factors of isolated singularities in positive
characteristic”, Arithmetic Geometry-Takeshi 60,
The university of Tokyo (online), September(2021)

2.fTNAE : “Characteristic epsilon cycles of ¢-adic
sheaves on varieties”, 2021 FEMEHRE BT
A URME). BAEZESR, KRR, 98 (2021)

XXI-002 ‘EMiFE O — L 22 Lo KR

Global Analysis on Lorentzian Manifolds with Constant Sectional Curvature

AEEFO/0 NFRTEE Riemann 33 #7 22 E O Rl 1%
FIREICEUD A TS, Riemann &N EEEDETED
SEFIERBEHEEZ ODICHUT, RIAXDHRE
7255 Riemann 02 (SN MR THEN D L S5BR
ERS O EZRF OEMZRKS.

HEREDBMNBREN R ORBENGFEZXEL
TUESHRRIEFBIEEREMFIEN S, FlZIE Riemann
AFICE VT, BTEMENTT—EORF L (BREE
DEZRWVWT) IREICRD EVWSHRIC, BHEDOFEENS
REBHBENRETRICREINTLES, —A T Hl

HREKLZ - HP —#8  Kazuki KANNAKA

FAWMRE : HFEAETOT Z A

(FrE&R #H &%)
HEEENEIZUGWESICIFERINASZERZIT TIER
ETERVKSWCIEENMRKIBEENFET 5. HlZ
(& 2RTTD Riemann A ZICEWTHZEN-1T—E
EWSEGTIR. BIEEENRIIE Y. ZOEHIERIG
Teichmuller Big & IFid N, RBEICED L TLEOEH
TINTWD, AT TlERiemann @2 Tl i<,
# Riemann A2 E T2 &AL RBRANEIKIIC LT

BIEEERDRIL - R ZHIETS B,

HELRY AR Riemann @2 O A Tld. 3RTLL E
DM -7V N EHBRAEIERAIEZ I DEN1960F
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fRIC Selberg® Weillc &K DBASHMCEINTWD, — /K
Riemann & M2 TlE,. W<STHEEWRITTORIE% FF
Fem WAV RS IRAEDN 1990 FE R IT/IKRITICKD
BRINTWS, ZORKICE Riemann #&@Z TlEEM
REFIEH (Teichmuller B3%) DEFBNEHRF TE 2,

AEERFINETHIEMELIEDFZEONTIHEN >
feavIRY NEFERiemann {IRZER DK O D R
LT AEZRH OB EERILBRWEEDMAIC
BUTHEREREB 3Nk, HEDBRET.
Ragunathan IC &2 BEBEE D I/REOY — DEBEE.
Thurston ¥ Johnson-Milson Ic & 2 XX B A2 (T &5 17
%Toending R, BorelFic K2R EBED RN
HHBOER. RBEELO-RERDBHHRE, R
DEHNSZLDEENRE L BoTeM iR T ST
EBHERT

@5 %X Publications
(FEFR)

1.Kazuki Kannaka: Linear Independence of
Generalized Poincare Series for Anti-de Sitter
3-Manifolds, SIGMA 17, 15 pages (2021).

(#85R)

1.Kazuki Kannaka: A quantitative study of orbit
counting and discrete spectrum for anti-de Sitter
3-manifolds, Proc. Japan Acad. Ser. A Math. Sci.
97(10): 93-97 (2021).

®[IEEF S Oral Presentations

(F=

LHP—E, 3RITIAV/IIIRR - Iy —SiEDR
EEFEOERRE, Lieffiw - KRIRWEI7F—, Zoom,
June (2021).

2.Kazuki Kannaka, Multiplicities of stable eigenvalues
of compact anti-de Sitter 3-manifolds, AIM Research
Workshop: Branching Problems and Symmetry
Breaking, Zoom, June (2021).

BHHP—E,3RTIAVIINRE - v 5 —2 kK
DREEBHEDEHEE, RIMS HFHF FT(AFHE)
) —Bm, REWP L ZDORELD B Lie Theory,
representation theory and related areas, Zoom,
August (2021).

4HP—E, SRITAVINIMRE - Iy 5 —SHREDOR
EBEREOERE, LEXRMPAMEER2021, Zoom,
October (2021).

5. HFP—IE, 3RTAVINI KRN - Vv 5= iRHhDR
EEBECEEE, BAMPR20NFEFR, HEKX
%, March (2022).

XXI-003 {EHZRER LORGEREDSE

Preserver Problems on Operator Algebras

ERRIRME L. Hilbert ZE EOBRBAERRD
BIBEMEITIHZO—DBTFTH D, ldETELT,
ERARBRDOHWEDBRTH > TREDEEZRDOHD
D—FzAND, REMEEHEENDBOMRZITo
TW3, REEOHRBEEIUTDOED TH 2,

F9. BRIEAR DRI *E T, von Neumann 1EHI
MZELTHDODHFRZTVN. KREILTUVRELT
NRUIC. SOLSBIFRADER(FLFYYNCHEWT
R*IREMATZ) IE. von Neumann ICK31930FKD
MEE LV Kadison DRRLIII67TFEDBBED—D
NSBRICEHEDITSNDZHRTH D, EENBRREE
LTI (DR ROV SADBRLB/FHE DT Z2HDI &L
(2)R*E|RIEIETTHR AR Boole ¥ MBIRTEZ T &L
BIR* ROV DD DEBD U Z XD EH, RIEZEE P
AF-C*RODBICREIND 2L, BLUPZDEEREZF|

MEEKS - & @t Michiya MORI
ZARRE  BORRET OV T L
(FFER #H &BS5)
BUBIDRBE, D3aMEIFo5hd, 2DEMN R ERE
D7 ZZ2DE (von Neumann B+ Baer *BixE) &
DL, REMEOERZEULER, SEBEAINRE
BIREG E, BRABEIRICDWTRE BT,

MR EAEENBIFICFHABI DWEE TH D, 2D
. ERICKITZEIF—CHCBN ERRILRERE
I2RE MOAYN—EDRRE ROz, BIBRRIES
A7 S LICIFBAEVWDEDORERENFIBL TN, ZD
OB BFOMREELISICERZTIEDLT2H, ME
BLOBESITFONRZRBACEDANSZEISEAIL
TW, oo FROAOF TN TIVIDEEIC
KDHERAHLUWIRRTH > Teh web REIVRT L%
SEAULTERNOHRER LI F—FICBEANICS
L. WSDOAQ DOBERKZIT o1,

BLEIChIZ. REEIFFICHREIERRICOWT, FER
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ZEEEUTORFE. REEEOMHE. BREOIGRER
EL BENBERZTo>lc, T @Rl AANRZF -
Y27 UvFKED Peter Semrl K&DHRAEHNIR
EETHTH D, INSDRARDERICOVTIE, RE
EhoxKRZEEL TN,

@55 %X Publications

(FREHO

1.Mori M.: “On regular *-algebras of bounded linear
operators: A new approach towards a theory of

noncommutative Boolean algebras”, submitted,
arXiv:2107.05806.

O[15EF 3 Oral Presentations

(F=

1.Mori M.: “Loewner's theorem for maps on operator
domains”, 8th European Congress of Mathematics

(Minisymposium: Recent Developments on
Preservers), Portoroz, AAXNZ7(Zoom £1M). 2021

F6H,

2.Mori M.: “Continuous coexistency preservers on
effect algebras”, BARKFER2021FEMNEREG 2R
2. Zoom, 20215F9H,

3.Mori M.: “Lattices of projections and their
isomorphisms”, RIMS £ [F 3% (A FEY) 'Banach ¥R
FORTFEBEEZDOBE,. Zoom, 20215107,

(£2F-)

1.Mori M.: “Loewner's theorem for maps on operator
domains / The structure of maps on the space of all
quantum pure states that preserve a fixed quantum
angle”, iTHEMS Math Seminar, Zoom, 2021558,

2.Mori M.: “Boolean algebras and operator algebras”,
iTHEMS Information Theory SG Seminar, Zoom,
20215F11 R,

3.Mori M.: “On regular *-algebras of bounded linear
operators: A new approach towards a theory of
noncommutative Boolean algebras”, EARAER A
VA ERRTREEIF —. Zoom, 20215115,

XXI-004 (VB HRIADBIL & R R

Degeneration of variety and canonical metric

KMRDOEMNIE, 77/ SREDIREFEEEI 2T
1 EBHHO—EH & UTHIS 15 Kahler-Ricci soliton
DEREILRL. 77/ SRELD —RORBSKRAIC
WUT, BEDcscKHEDER% SIET 2MBNRRIE
ENEOREHEBETEHIETH S,

HMEBIFINTTOMET COENERRIT S
u-cscKETBE UK ZEMHE WS BEAZIREL, WD
- RBARAENISINERARLTE . FiC
cscKETED MM ITIFES NI > FH LW ERER
ELT RUILYYDOW-IT Y hOE—& u-cscKEHED
BRzREHL. T —7—HBwlcIBRLILY VD p-
I hObE—p_Per (w)ICEI2AEX sup u_NA (@)
= inf y_Per (w)%ZRUlco 2 TOHIIREEZRAEDT
AN EMEN DRI T, u_NA (¢) IE o DRAZER &
BITEDRBEANICERINDETH S,

KEERF. COUNAICET2ERIBROEEZBIR
& U, Boucksom-Jonsson WMBELTEfIEFILF X
TARMANSERT YV vILmIcEDVWTInzRER L.
7L 7Y > k(noue E., Entropies in p-framework

of canonical metrics and K-stability, Il - Non-

ARERKS @ FLE BT Eiji INOUE

ZAMRE  HEAKE OIS A

(FRER #HB%)
archimedean aspect: non-archimedean
p-entropy and uK-semistability) ([CF & &z, BIE

MICERLzZ &lF. LITD3DTH %,

(1) $2T7AMERMON U NADRKEZZERT DEE.
PDOHLT FAN—FUKEREICHD I 'R UL,

(2) TANRACIDZEBE DB BRI E LTIETILFX
TANZELANBERDL SH2 Tl EEZE
B U, u_NAZZD5EM{b LI E¥&ERHRRAKELT
IR UTc,

(3 LE2IEHBIFZUNADILEEZRET BHIC.
JETFILFXTFT ZHMonge-Ampere Il E &
Duistermaat-Heckman AIEOMAIE = 2172
FETFINEATRAEE LOREZERL, ZDERIE
mEEERLI,

@:5 E X Publications
GCES:0)

L.Inoue E., “Constant u-scalar curvature Kahler metric
— formulation and foundational results”, Journal of
Geometric Analysis(ZI2%. 15HFHARE)
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O®[3E¥ % Oral Presentations

(BIAALEZF—)

L.Inoue E., “Geometry of canonical metrics on Kahler
manifolds”, iTHEMS Math seminar, RIKEN Wako,
May (2021).

2.Inoue E., “'Phase transition’ in Kahler geometry
(short talk)”, iTHEMS coffee meeting, RIKEN Wako,
June (2021).

(BREz-)

l1.Inoue E., “Perelman’s entropy and optimal
degeneration”, ZAG seminar, online, July (2021).

(EFR&ESR)

L.Inoue E., “Perelman’s p-entropy in Kahler geometry

(short talk)”, Hayama symposium on complex
analysis in several variables, Hayama (online), July
(2021).

2.Inoue E. “Canonical metrics and Perelman’s entropy
in Kahler geometry”, Index Theory and Complex
Geometry, Singapore (online), Aug. (2021).

3.Inoue E., “Perelman’s entropy in Kahler geometry
and its non-archimedean reflection”, The 27"
Symposium on Complex Geometry, Kanazawa
(online), Nov. (2021).

4.Inoue E., “Perelman’s entropy in Kahler geometry”,
The 6" China-Japan Geometry Conference,
Chongqing and Osaka (online), Dec. (2021).

XXI-005  Development of Data-driven Prediction Model using Deep Learning for

Estimating the Evolution of White Matter Hyperintensities Associated
with Small Vessel Disease in Brain MRI

White matter hyperintensities (WMHs) are
neuroradiological features often seen in T2-FLAIR
brain MRI, characteristic of small vessel disease
(SVD), and associated with stroke and dementia
progression. Clinical studies indicate that the volume
of WMHs on a patient may shrink, stay unchanged, or
grow over time. We call this the “evolution of WMH”.
Predicting the evolution of WMHs is challenging
because the rate and direction of WMHSs’ evolution
vary considerably across clinical studies.

In this study, we developed various deep learning
models for automatically predicting the dynamic
evolution of WMH. We evaluated our models on brain
MRI data from stroke patients enrolled in a study of
stroke mechanisms, imaged at two/three time points
(baseline scan, about 3 months, and a year after).

Our studies have shown that (1) incorporating
risk factors of WMHs evolution and (2) modeling
uncertainty are important to improve the prediction
of the evolution of WMHSs. (1) Several risk factors
have been indicated by clinical studies to be associated
with the evolution of WMHs, such as baseline
WDMHSs volume and stroke lesions. (2) Furthermore,
our study exposed that predicting the evolution of
WNMHs involves some levels of uncertainty, especially

Name : Muhammad Febrian RACHMADI

Host Laboratory : Brain Image Analysis Unit

Integrative Computational Brain
Science Collaboration Division
RIKEN Center for Brain Science

Laboratory Head : Henrik SKIBBE

when predicting the areas of shrinking and growing
WMHs.

In the past year, we focused on dealing with
uncertainty (i.e., point (2)) by using a variation of
conditional variational autoencoder model named
Probabilistic U-Net for modeling the uncertainty in
predicting the evolution of WMHs. We found out that
the Probabilistic U-Net outperformed our previous
models in all experimental settings. On the other
hand, we are currently focusing on incorporating
one of the most important risk factors of WMHs
evolution (i.e., stroke lesions) to further increase the
performance of our model.

@ Oral Presentations

International Conference

1.Rachmadi M.F., Valdés-Hernandez M.D., Maulana
R., Wardlaw J., Makin S. and Skibbe H.: “Probabilistic
Deep Learning with Adversarial Training and
Volume Interval Estimation-Better Ways to Perform
and Evaluate Predictive Models for White Matter
Hyperintensities Evolution”. In International
Workshop on PRedictive Intelligence in Medicine,
2021, Oct 1.
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@ Poster Presentations

Domestic Symposium

1.Rachmadi M.F,, Valdés-Hernandez M.D., Maulana
R., Wardlaw J., Makin S. and Skibbe H.: “Probabilistic
Deep Learning with Adversarial Training and
Volume Interval Estimation-Better Ways to
Perform and Evaluate Predictive Models for White
Matter Hyperintensities Evolution”. RIKEN-OIST
Symposium, 2021, Oct 7.

@ Others
Teaching/Lectures/Talks

1.Giving some external talks and guest lectures several
times within the Faculty of Computer Science,
Universitas Indonesia about machine learning and
deep learning for medical image analysis.

2.Giving some lectures as guest lectures in Advanced
Machine Learning course for graduate students
within the Faculty of Computer Science, Universitas
Indonesia together with a principal lecturer. The
lectures were usually given once a week for 6 to 8
weeks (depending on the principal lecturer of the
course) and were given in English and Indonesian
languages (bilingual).
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Development of a planet formation theory based on structure formation in protoplanetary

disks and microphysics of dust collisions

INFTOHAICLDRERIKERMCEEBNICHT
EIDIRETH DI EDDM>TWBD, ZDREIRIFE
EBBEIhTVWRWL, HENBRELRY FUA T,
EENTEDDDOEDEDICHBEINZHAMAE Rk
RERAR) OF TEREHAF (F AN DIMIEEEL
TWZETEENFERINZEEZISNTE(eq.,
Hayashi et al. 1985), LA UF AN DRERKRICIE
RRIGREENH D, FOXA—NLY A XOFERAEH
B ICTSEETERVNEVNSZENKREAMBEELLT
ZoTW53,

AEER REAXERABOYANEIRERALAN
FEEUKY XA NRRE O R R E M (coagulation
instability; Tominaga et al. 2021) (X9 % &Z2HIE
DFEEHEII2L—Ya Y TR, ¥2alb—Y3
Vid. RROABRTBEL T IVIa Xy YaE%E
AWz (Tominaga et al. 2018), ¥ A MERIL. Sato
et al. (2016) TERMELESNE—AVNEZAL. ¥ X
NEEXBSRENBRY A XDEDHISER ULEE
ZiTEo oo IRIEDHMRISMBHEERDETIL (Okuzumi
& Hirose 2012; Okuzumi et al. 2016) ZFWEXOA
Nico SEETROLEEIR, RBESINTELS X
NDIEREET /L (Wada et al. 2009; Okuzumi et al.
2016) ICED Wb DT AARBFEETRBLNICTTS
FEDHBOEHZEY ANFEOMAEREFH — LI
VZal—yay, OEREELTEEICHKD, ¥Ial—

AREKS - EX B Ryosuke TOMINAGA
RAMRE : FERIFERAE
RAE - XEXHMARE
(FFER IRH Ex)

v 3> DOfER. coagulation instability IC &2 45 X NE
EICHEWI I NOFREEMET L. BEBEKTIFY X
RAMOERRLY T W EDN b oTc, £eF ANDE)
REBEIHRE(ICHD YA XL EICY A NERHI ATEEIC R
&b ol DL, ERDEEFRIBRIC
HBY ANETEE) &TERBIERME) Z R ICEE
TEBLZRBULTHED, ABOEBNHZERETLNBE
BZMBE ETBOHTEETHDEER D, LEOHAR
FERIERZOHRFMBREZR/ET VDO DRANENR
BT oTco LEEDAEICE D CRMR % 2 K Efmsh
THD. BRIERICEATND, REEF. SEEDH
BRERZzHEICEUBNZTWERAZINE2HEESE
EHASMNCT B, FREEAABUIEIT ANDO YA XA
MICZRTTILLIcY T 2L —Y 3> %1TL)., coagulation
instability DX TR FERE S MBERENDEF
523 RIT 2,

@:t %X Publications
(FEFR)

1.R. T. Tominaga, S. Inutsuka, and H. Kobayashi:
“Coagulation Instability in Protoplanetary Disks: A
Novel Mechanism Connecting Collisional Growth
and Hydrodynamical Clumping of Dust Particles’,
The Astrophysical Journal, Volume 923, Number 1,
34 (2021)
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1.R.T.Tominaga: “Toward Understanding Planetesimal
Formation in Protoplanetary Disks I: A Bridge
between Dust Growth and Ring-Forming
Instabilities”, Planet-forming Disks: From Surveys to
Answers, online), September (2021)

2. BXKEME, BRFM, AMIE, RIFE—B: “Ria
ERARPOTANERDBE T DAL E M & WX
EXR-GRBROFZE", AARENZR2021F
FER, AV 51,98 (2021)

3.BAKEMA, IRE REFE—R, Y ANERDERE
THRMBERABOARERLOHES 2L —Y 3
V' BARNZER2IMEER, AT, 98(2021)

4. BXEME, BPEM, JWE REE—B T AMK
R2ZRUCREZERABOLTEMERET", 20215F
2 - REWHES, &, 124 (2021)

5.2KEMA, BREM, IWE, RIFE—B Y AR
R BWREZHOSRARERMBOTRERICEZT X

NEE" BERAXXER2NEERZESR, AVI1Y,
38 (2022)

6. BKEMA, HEFM, IWE, REFIE—BR: ¥ MK
ROIREIT2FEMBRERMABRORREMR", FHFMK
AERE(HFULWEEREBRICEZ/(TT1LYTR,),
INMTUYR, 38 (2022)

7. 8K EA, BRFM, WS, KEFE—BR RAXE
FRABICETZTZANERIBE T AL EEEY X
NMERE" RERRFHS2022%F, /\1TYvR, 38
(2022)

@®RR % —% 3K Poster Presentations
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L.BXKEE, BFRFM, A REE—: “FR=%
EXMEBHROTANEENRET 2N EEDEES
Tal—Yayv: BERHECEEEICEIDZ T —RKN\v Y
DEE” F3MOBHRB I VIRIIL, AV T1, 128
(2021)

XXI-007  Implementation of Helium-3 Magnetometers to Extend the BASE

Physics Program at CERN

The Standard Model of Particle Physics has proven
to be very successful in explaining a large array
of observed phenomena. However, there are still a
number of observations that it cannot explain. One
of these is the staggering asymmetry between the
amount of matter and antimatter in our Universe.
The aim of this project is to investigate where this
asymmetry comes from by studying the properties
of protons and antiprotons at the Baryon Antibaryon
Symmetry Experiment (BASE) at the Antiproton
Decelerator of CERN (Switzerland).

More specifically, the goal is to measure the antiproton
magnetic moment to the 100-parts-per-trillion level of
uncertainty and to compare the value to the magnetic
moment of the proton. In order to achieve such a
10-fold improvement in precision, we are planning
to implement a series of new developments into the
BASE setup, a selection of which are the topic of this
SPDR project. One of these improvements was realised
in FY2021 and consists of the development and
installation of a set of superconducting shim coils that
enable tuning of the magnetic field gradients present
in the Penning trap setup. This is an important step
necessary to achieve 10-fold better resolution as the
magnetic field gradients were a limiting factor in

Name: Elisabeth Johanna WURSTEN

Host Laboratory : Fundamental Symmetries Laboratory

RIKEN Cluster for Pioneering Research
Laboratory Head : Stefan ULMER

the previous iteration of the experiment. The next
improvement that is included in this project is the
integration of helium-3 magnetometers into the
BASE setup. Such magnetometers will not only enable
much faster sampling of the magnetic field, but also
provide a simultaneous measurement of a matter and
an antimatter magnetic moment. The combination of
the finer time resolution and the simultaneous matter/
antimatter measurement will open up the possibility
to constrain certain models of physics beyond the
Standard Model of Particle Physics, shedding more
light on the aforementioned shortcomings of the
Standard Model. The preparatory stages of the
helium-3 magnetometer project were done in FY2021,
and a prototype magnetometer will be developed in
FY2022 once all ordered pieces of equipment arrive at
CERN.

In order to prepare for the type of data analysis
required to search for physics beyond the Standard
Model with the upcoming BASE experiment run, I
was involved in the analysis of the previous run, the
results of which were recently published in Nature and
well-received internationally. The plan for FY2022 is
to further extend this analysis in terms of more exotic
physics models (another publication is in preparation)
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and prepare for the analysis and interpretation of
the upcoming antiproton magnetic moment data
combined with simultaneous helium-3 magnetometer
readings.

@ Publications

Papers

1.Bohman M., Grunhofer V., Smorra C., Wiesinger M.,
Will C., Borchert M. J., Devlin J. A., Erlewein S., Fleck
M., Gavranovic S., Harrington J., Latacz B., Mooser
A., Popper D., Wursten E., Blaum K., Matsuda Y.,
Ospelkaus C., Quint W., Walz J. and Ulmer S.:
“Sympathetic cooling of a trapped proton mediated by
an LC circuit”, Nature 596, 514 (2021)*

2.Borchert M. J., Devlin J. A., Erlewein S. R., Fleck M.,
Harrington J. A., Higuchi T., Latacz B. M., Voelksen F,,
Wursten E. J., Abbass F., Bohman M. A., Mooser A. H.,
Popper D., Wiesinger M., Will C., Blaum K., Matsuda
Y., Ospelkaus C., Quint W., Walz J., Yamazaki Y.,

Smorra C. and Ulmer S.: “A 16-parts-per-trillion
measurement of the antiproton-to-proton charge-
mass ratio”, Nature 601, 53 (2022)*

3.Will C., Bohman M., Driscoll T., Wiesinger M.,
Abbass F., Borchert M. J., Devlin J. A., Erlewein S.,
Fleck M., Latacz B., Moller R., Mooser A., Popper
D., Wursten E., Blaum K., Matsuda Y., Ospelkaus
C., Quint W., Walz J., Smorra C. and Ulmer S.:
“Sympathetic cooling schemes for separately trapped
ions coupled via image currents”, New Journal of
Physics 24, 033021 (2022)

@ Oral Presentations

International Conference

1.Wursten E. J.: “Recent results from the BASE
experiment”, EXA 2021: International Conference on
Exotic Atoms and Related Topics, Vienna Austria,
September (2021)
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Numerical Study of Non-linear QED and its Application to High-energy Physics

BWEBHISZ RICEHINT %, 95&. BRIEOEIN
EEERDNSSEFES 2T EFERNZ (QED) I,
RN EBRTIIIRZZZEDTER, FFEBARIER
FEibgEzRE%, CO&SIERF QEDERRIE. B -
EBRNBITARICHRBICHRSINTVWARWKREOEET
Hh. ERNLSEEUENH D, £lo. L—H— - B1AY
HE - BIXILF—KRERE, BT - BF%- k-
FHORT—IORZBI., SEIFHRDFOIFE
BEIRILF—YEAETCHRVWERBENREICERS
N, FNICHESIERFE QEDIRENEELRIRRABHRE
ERETEEZSNTWS, I5IC, MFEDEER - #UAIK
MTOEEELVERICEST, iR QEDERZERERE
TORSIITHFARDEFNEWNAH TN D,

AN IR RE IS IERTE QED B DIEBIER T &%
OHEFEI-REREITZIETH D, SEEF. B
BHEFORBEOERNLICEICIDBAL, (T2)
WKBIEEEEN 2HFENF EZERATEIET F¥h
BUAMUCE DK ER b ZRE UTc, FEERARICASIE L
<. BEEL—Y—TICHIIZ Dirac EFRYEDE R
SRR EZTRAN . BFEARYT ML OBETNEAT
=8 E EFTHUWRINERSHAREETEEREKE

&K% - HE &£ Hidetoshi TAYA
RAMRERE  HEAK OIS A
(FMER #HABS
%R fcd 2 EPIEEBEIE TREIVRARY MLEED
BnaZEERASHICL,
AARBEEEIEZBRUGWA, VT—I VB
FICED IR - FTEHRROMREIT olc, MMER
FEARXBRSCICEMREE MR OESFNAERD
AREREZVY—Y T Y ABRICEODWTHRITSZ &
T IN\YINERREICRITZIEFERET NS V5 —
BOTFEZRL. TORITNBRRAZ RO,

@5 LR Publications

(RZEFRO)

1.H. Taya, M. Hongo, T. N. Ikeda, "Analytical WKB
theory for high-harmonic generation and its
application to massive Dirac electrons," Phys. Rev. B
104, L140305 (2021)*

2.Z. Du, X.-G. Huang, H. Taya, "Hydrodynamics
Attractor in a Hubble Expansion,” Phys. Rev. D 104,
056022 (2021)*

@[15EH X Oral Presentations

1.HE &£, "Floquet RTOAA I EFEFENTE
B, ENELF2—/I B0 -0y 3y /TRKRS)
RICBFZBHAIIEFER, AV F1>, 8B(20214F)
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2.H. Taya, "Application of the Exact WKB Method
to Particle Production and High-Harmonics
Generation from the Vacuum', LPHYS 21, A~ 51
>, 7B (20214F)

3.H. Taya, "How time-dependent electric fields affect
the Schwinger mechanism?", QCD theory seminars,

AV T4, 48(20215)

4.H. Taya, "How time-dependent electric fields affect
the Schwinger mechanism?", Seminar at Centre for
Mathematical Sciences, University of Plymouth, =
71>, 48(20214)
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Development of non-perturbative methods for investigating the phase structure of QCD

Rzt L THZR S8 F OB OER OAE
F LR TFIEERRO—ATHIETFENF(QCD)
NDOBEARICBEWTRELEREL, T 12— HFOHTEESER
BREBRBOFESHEERROBAEEZLVWEE TLHE
IBIEEHINS T TWD, REEFIF. EICQCDDH
FICEWT INSOREBOTTHERETDICARSN
TWRWYEBAZ 7O—F9 252 2BICHEZTT
foo BEAEMICIE. BRZEEQCDDFETELU S RSM
B ITHd 27 TYXLDREE. 8L FLOER
% EHHRRE AT D BRI AU B TR R RHE ) AT
BFEDHRRETH S,

FEMEICHLTE2D207 7O0—F ot Z sl
(N BPEEZERERANERER IS, ZORICED
AN ZEHE (EREE) Lc/NrTVUyR - EVTAHIL
O (HMC) iz RBWA7ILTUX A, HREBEESRL
L7y vy - > 7Lk (WV-TLTX) 1 [Fukuma-NM
'21] ORFEESD Iz, FIC AR EEITH ﬁrﬁ’iffﬁo)ﬁ;‘f&
BEL WV-TLT AR BEDER/INGXA—F —Ilc L&
FHBEERL) OBEICEWT, /\7><—9—Afa:i§k’&/ v
YT FRFICHIRT 2 & TEDEBETESHEN
T2252e%mHmOML Q) By TAINOEE I BAIRR
ERNAIEICKDFSHEZLOETERLHEFINTW
BTFUYILEDAHEE (TRG) [Levin-Nave '07] %2
RIEVY - IR (YM) ERNERAT 2 FEZREL,
RERBFEEITZTRCZYMEFICHEAULAESU (2)
ET—VUBELEHEDTH >R HRLXDOFERIFERD
T—VBICRUTHEATESRHDTHD. QCDDETET
HEERBSU B DOYMEFICKUTTRGZHERALE

atzﬁﬁﬁnb\%lw)?tuwﬁkb?b\%o

FURDEADIALEICDWTIE, BREED OLEHE
?ﬁ'&fﬁ‘ ERAMMZIC K SBRWEH CEFBSIRIR) &B5L5

AEHEESR © K 47 Nobuyuki MATSUMOTO
RAMERE | CRIMERSBRRZAREY 5 —
EHBNLIfiRE> 5 —
STEYEMR I —T
(FFE&R HH =)
{C9 B trivializing map [Nicolai '80, Luscher '"10] @
WR - A% E X o, Trivializing map H ERFRIBE I3
LCEMERFT 2EHIF. RARRIEEFBSAITRES
25D TH Do, RMNERICRIEESDERZRWSZ
ETEETEZEEZISNDNSTH D, LuscherF7
A—REORESHREOETIOEREBH LI <D
EROBREOHISEAEDOERNRES TEZS L.
EFABRIOGE DT 2BRICERFEIENEDEEEFT . &
SICIFHRBONEEBRENED LS ICE D ZH DM EE
UL olze ZHICHULTEAIL. trivializing map DF L
WEBRUEELTY 2DV — - F1Y Y ARRAZAWS
FiEa5ZTce COFETIR, £ITERORS) 25
JIVLEEAL, SRATCEABZERDODERDEEICH LT
O/ L ERINCT DS ICEHRZERETT D, JOHE
R\ &, trivializing map ICESY HEDBER
eI EHERz=EAREEO /LAy O—=)LUEN
S5HERTE %,

@:t %X Publications
(FEFR)

1.Fukuma M., Matsumoto N. and Namekawa
Y.:"Statistical analysis method for the worldvolume
hybrid Monte Carlo algorithm", Progress of
Theoretical and Experimental Physics, Volume 2021,
Issue 12, 123B02 (2021)*

2.Fukuma M., Kadoh D. and Matsumoto N.: "Tensor
network approach to 2D Yang-Mills theories",
Progress of Theoretical and Experimental Physics,
Volume 2021, Issue 12, 123B03 (2021)*
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Ve YV IIE, BERWRELIF—, AOX
(A>Za0>), 78 (2021)

2.AETT, BINAN, BRI HREAERESERLL
TIxwY e Y TIVEDNNN—RIERADBEHAE R
EFMICOVNT", HAYIEBZER2021FMEREW
M), ArZ1, 98 (2021)

3RARETT, BN, RN HREEN\ T Uy R
EVTFHILAEICE T BREFMICOVWT", BARYE
FRONIFENERE (RKF), AV F1>, 95(2021)

4. fBEESC, MNEKE, OAARE1T 1 "22RIT Yang-Mills
HEEADTRGDBEARICDOWT", BAYIEREE20214F
WEKRE (BEEF), AVF1>, 98 (2021)

(EFE=H)
1.Matsumoto N., Fukuma M. and Namekawa Y.:
"Worldvolume tempered Lefschetz thimble method

and its error estimation", The 38th International
Symposium on Lattice Field Theory (LATTICE
2021), ZOOM/GATHER@MIT, July (2021)

2.Matsumoto N.:"Worldvolume tempered Lefschetz
thimble method as an algorithm towards solving
the sign problem", RBRC seminar, BNL (online),
November (2021)

3.Matsumoto N.:"Search for an Effective Change of
Variable in QCD simulations", DWQ@®@?25, online,
December (2021)
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>, 8H(2021)
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Elucidation of enhancement phenomenon on nuclear radii across magic number via

evolution of neutron skin in Sn isotopes

RFZERINEERERICRRICEKRTZI N
BERORMUAEZBEO THSNTVSD, COBRR
ICDWTIRAMZEBRRIEE SN TWEWL, —A. 3AFECa
RN AEDOYBEEEPHEFAFVEAETERRERD
HKEINTc, BhD. ZDBRIFEBFRFICHNTIESZHN
ICREL BERENSERATHFOFSNEERE
BZE>TVWBZEDNREIN TV, AARTIF. =
BEEBPSNnZBEWT SN OYBEEEL LU
MFRFVEEBET S ETHEFEEKS2MEIE T
DORFUEFOETESEHESHICL, BREBROERIC
B3,

REEF, (1) 2022FE ICEHFRIBF HER TITSER
i L0(2) TELMEBEAE IC LSRRG FD
HEROBHF RO Z(T o7,

(1) KR TIFHRBENICERASINSBe, C. AIEWT
FR<ERKRIENZRAVWSFE TH . RIGKTE
& EZHEEIE CIRENEECOMmAE
NMRBTH Do, YRXTLAHKEDERKRIEZEN
TIERBHRNEN, 22T BRVATLICRRE
BEEZM U RETofco CORRYRATLDE
AILED. ENBEEOAEDRRZYIDE XA OIHE

RERKS : B EE Masaomi TANAKA
ZARRE | CRINRSFRZMREY 5 —
RIYpEIA T =

(FFER 1BH B%)
EIRDEEMENE LIz, Fio, FEELITEE
THAETBHIC. BEREIHREOREIRELT
EligenttEJ-232 7S RAF v IV FL—F—& R
MRN =2 2%t R13089 X EFIEZEEN SBRIN
BT ZXF v UtRHEEER LT, B RIBF fE&RIC
T300MeV/ #&%F D Sn E— A THRESHE £ TR e
ER. BEETIEH 20 10ps % T B2 R D fEEE
ZERL. BERMEZHET DHEEZS. b
HKBOEMEWITLT EROE—LRHRE IV E
BLAT7UNDOBREZTV, REEICEREZITT
E2RBLERSE

(2) FEFREYEZEHT ZHIciF. FEZLEE
BOSBFAMEREEHETE2MNENH BN ZD
FRFEIZLTWah 2Tz, 22T BREHETH)
DEALH, MIEFHBREICIZ TR FERKBETHIRE
B EEBRICANIEHEET N ZEA L, 20D
HER. BRANR/CGA—F—RUICET B Z LR
BORMET — Y Z2FERRBNICHATELIC
BIhUTze £fo. ETIOEYERIEE LT, BTFD
AR D Te AMAD R EZLTEEZ RERMR
HIMACHERZ CRIEL. FEGHBAETED I %R
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L, EEE, ILOS 2 : “TeAMEOFEZ{LRIHIC
BIIZ2EENFERWR", HAYEBER2021FENZE
K&, A>ZF1>,98(2021)

(£34-)
1.M. Tanaka: “Evolution of nuclear radii of Ca isotopes
across magic number N=28 probed by interaction

cross section”, RIBF Users Meeting, Online, Sep.
(2021)

@R R ¥ —F& Poster Presentations

(F=

1.M. Tanaka for RIKEN-RIBF123 collaboration:
“Charge-changing cross sections for Ca isotopes
and Effect of Charged Particle Evaporation”, III
International Scientific Forum “Nuclear Science and
Technologies”, Almaty Kazakhstan (Online), Sep.
(2021).
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Core-collapse Supernova Simulations with the General Relativistic Boltzmann-radiation-

hydrodynamics Code

BENRBRNBHEBRRIKEEEN AL ZDEHR
BRTHD, TOBREANZZALIFEBRFRD4DDAN
BHED. EEICHLWEDICHR>TWD, ZOBENRY
FUARIUTOED TH B, ELLE I KREEEIEH
DML TTELATERE. INIFCHNTENFEERL
9. PN EFREEICRDZIETEND L, ZI TN
HERDODRFEATHEL BRI N, BEENELS, &
DEERILERTEIRZ L DD, ALK NIZREA
FUHEFENSOZa—NI/BETMRI N, PHTH
EEkUBS. ERAEFEF TEEVTEREN RIS, Ih
ZZa—RNU/MBAANZZXLEMR,

CDANZXLERIES BIcHICHEY 2L —> 3>
NELATONTERLD, FNSIEFENERBENRREZME
ERAWTWS, Tz, BoNERNELVLWED
BOMNESHEERIFEVTWD, KIFEIFZS LT
PlzEL. F—REBN. IRbEEHZ —RIENTR Tk
W Za—KU/EREDHICRILY I VAR ERELLY
2aL—Ya Y TREANZALEBRBIZIEEENE
LTW3, REERFICE—REBNI—NOREFEDRD
INFTHRALTWeRILY X VESIREI— RN ZE — %
XS ERAYICHRR I 2 1EEZ T o1

AT, — BN RN REZZERLZDICT DHETR
ELT FE—MBBENBmIYIaL—yayERVWT ()
WREE AW Z1— N /BB OBIN (2) =a—

MEEKS JRH T Akira HARADA
ZAMRE  HEBAKETOT S A
(FMER #H &%)

N/ EFIRE DB EITolco (1) Za—KY /iEEHS
DE—AVRNZHET—5ELTZa—TI Ry RNT—2
EFEIET BRE—AVINEEBERE—AXAVNEDED
BHBREHTE U, CNIFSBRO—MAENRN I
L—yave BRI 2 ETEAORDFEVAENSD
BRICEDLDICHETINZANSN DTN HEH
ICEBENDEIZANGELCEDREICHFATE %,
(2) Za—hNI/EFIREEE. Za—NJ/RALTOEE
ERICE>TEEDES Za— N /RALHEEERIRT
BERTH D CNIEARTNLDOELEELU TEESA
FIIAPZa—KNI/EEHICHEET D, SEIE. 8
HEDHENSETHELTWSIGA. mDOATERL
FEOTEILEHTINETHSNTWERN I FTc T —
ATOZa— NI/ EMIRBARIDIEEHKRE U, §
Bld, — AR RREN S RZEOR T IhhlET
Zh, BRIZBBEICIFEDLSIBEENEL IO EAN
TWFETH S,

@:5 EHFK Publications
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1.Harada, A., Nagakura, H.: “Prospects of fast flavor
neutrino conversion in rotating core-collapse

supernovae’, The Astrophysical Journal, in print
(2022)* (preprint version: arXiv:2110.08291)
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2.Harada, A., Nishikawa, S., and Yamada, S.: “Deep
Learning of the Eddington Tensor in the Core-
collapse Supernova Simulation”, The Astrophysical
Journal, in print (2022)* (preprint version:
arXiv:2104.13039)
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1.Harada, A
collapse Supernova Simulations by the Boltzmann-

: “Influences of Nuclear EOS on Core-

radiation-hydrodynamics”, Probe into core-collapse

SuperNovae via Gravitational-Wave and neutrino
signals (SNeGWv2021), Online, Dec. (2021)
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1.Harada, A.: “Possible collective neutrino oscillation
in a rotating supernova’, nuclear burning in massive
stars -- towards the formation of binary black holes
--, Online, Jul. (2021)
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Research of Quantum Gravity from Conformal Field Theory
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moving mirror and Page curve”, Phys.Rev.Lett. 126
(2021) 6, 061604*

2.Diptarka Das, Yuya Kusuki and Sridip Pal,
“Universality in asymptotic bounds and its
saturation in 22D CFT", JHEP 04 (2021) 288*
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XXI-013  AXION DARKMATTERAND ITS DETECTION

WITH DALI EXPERIMENT

Description of research: we treat the non-adiabatic
photon-to-axion resonant conversion of curvature
radiation, synchrotron emission and inverse Compton
scattering dominating the spectral density function of
pulsars. First, we introduce state-of-the-art emission
models and benchmark observational data. Then,
relying on recurring approximations in the literature,
we estimate the dark matter flux induced by photon-
axion oscillation across the light cylinder of the
neutron star. We find that pulsars might produce
axion overdensities many orders of magnitude over
the occupation number of dark matter in the Galactic
halo within a broad parameter space.

Furthermore, we treat prospects for multimessenger
astronomy of giant flares (GFs), a rare transient
event featured by magnetars that can be as luminous
as a hundred of the brightest supernovae ever

Name: Javier DE MIGUEL HERNANDEZ

Host Laboratory . Terahertz Sensing and

Imaging Research Team
RIKEN Center for Advanced Photonics

Laboratory Head : Chiko OTANI

observed. The beamed photons correlate with an
axion counterpart via resonant conversion in the
magnetosphere. Relying on orthodox idealizations,
we find the sensitivity of viable experiments to
galactic GF gy, = 4x107™" GeV™' and g, = 107 at 95%
confidence level over a broad mass range. We rule
out the compatibility of axion flares with the recent
XENONIT excess only due to the time persistence of
the signal.
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Papers

1.De Miguel J and Otani C: Superdense beaming of
axion dark matter in the vicinity of the light cylinder
of pulsars, JCAP, submitted*

2.De Miguel ] and Otani C: Axion-photon multimessenger
astronomy with giant flares, PRL, in submitted*
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Probing Quantum Gravity and Beyond Standard Model of Particle Physics

with Quantum Black Holes
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1.Oshita N.:“Ease of excitation of black hole ringing:
Quantifying the importance of overtones by the
excitation factors”, Physical Review D 104, 124032
(2021)*
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significance”, String theory, gravity and cosmology,

Posco International Center, Korea (online),
November (2021)

2.0shita N.: “Black hole ringing and overtones”, Black
Holes Inside and Out, Online, Florida Space Institute,
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3.0shita N.: “On the ease of excitation of black hole
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Ist, (2021)

2.0Oshita N. “On the excitation of black hole ringing’,
COSMO-21 (virtual conference), University of
Illinois, America, August (2021)
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Study of Hyperon-Hyperon Interaction in Multi-Strangeness Nuclei
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1.Saito T.R., Dou W., Drozd V. et al. : “New directions in
hypernuclear physics”, Nat Rev Phys 3, 803-813 (2021). *

2.Liu E., Kasagi A., Ekawa H. et al. : “Revisiting the
former nuclear emulsion data for hypertriton”, Eur.
Phys. ]. A 57,327 (2021).

3.Miwa K. et al. : “Measurement of the differential cross

sections of the Z —p elastic scattering in momentum
range 470 to 850 MeV/c”, Phys. Rev. C 104, 045204
(2021)*

4.Saito T.R., Ekawa H. and Nakagawa M. : “Novel
method for producing very-neutron-rich hypernuclei
via charge-exchange reactions with heavy ion
projectiles” Eur. Phys. J. A 57,159 (2021).*
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XXI-016  Emergent Functionalities Induced by Symmetry Engineering

in 2D Heterostructures

Being a fundamental parameter, symmetry lies at
the heart of the natural laws and forms the basis
for the modern condensed matter physics, which
has been long-term studied to explore and exploit
material physical properties and functionalities. My
research aims to develop emergent energy conversion
effects arising from symmetry engineering in two-
dimensional layered materials, such as transition
metal dichalcogenide (TMD). Their unique physical
properties, such as low dimensionality, dangling
bond free nature, high mobility, and extraordinary
mechanical strength, enable unprecedented freedom
to manipulate material symmetry and to study the
emergent functionalities, which are not accessible
in conventional crystals. During this fiscal year, my
main objective is to induce and enhance the bulk
photovoltaic (BPV) effect in TMD layered materials
and their van der Waals heterostructures. The BPV
effect originates from the asymmetry distribution of
photo-excited carriers in k-space and/or real space due
to the inversion symmetry breaking in semiconductive
materials, which requires no participation of junctions
and associated built-in field as in conventional solar
cells. The BPV effect has attracted increased attention
during last decade and shows potential to become
a complimentary mechanism to the conventional
junction photovoltaic effect, which will boost solar
energy conversion efliciency. Equipped with our self-
designed scanning photocurrent mapping (SPCM)

Name: Mingmin YANG

Host Laboratory . Emergent Device Research Team

RIKEN Center for Emergent Matter Science
Laboratory Head : Yoshihiro IWASA

system, I have studied the emergent photovoltaic effect
at the step edges of multilayer 2H-MoS; and strain-
enhanced photovoltaic effect in 3R-MoS, multilayers.
Crystallographic defects, such as point defect,
dislocations, edge, and surface, constitute an
important role in determining and developing
emergent physical effects and functionalities
in condensed matters. HThe in-plane lattice
discontinuity at the step edge of TMD flakes can
effectively break the in-plane C; and Cs symmetry
elements, which will give rise to in-plane polarity
and the associated emergent phenomena and
functionalities, such as the bulk photovoltaic effect.
We demonstrated that the multi-step edge in MoS,
flakes can induce a substantial photovoltaic effect
which exhibits a light polarization dependence,
indicating its origin as the bulk photovoltaic effect.
This emergent edge photovoltaic effect can be further
tuned by electric field effect and significantly affect
local photoconductivity.

The unique stacking sequence of MoS; layers in
3R-MoS; gives rise to an electrical polarization in the
out-of-plane direction with a C;, point symmetry.
We have demonstrated that the strain imposed by
patterned substrate can dramatically enhance the
photovoltaic effect in the bulk of 3R-MoS; flakes by
over 2 orders of magnitude in comparison with strain
free samples.
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XXI-017  First Observation of Dynamics of Antiskyrmions

with Electric Current Excitation

Name: Licong PENG

Host Laboratory : Electronic States Microscopy Research Team

Nanometric topological spin textures such as
skyrmions and antiskyrmions are promising
candidates of information carriers in energy-efficient
spintronic devices. The electric current-induced
skyrmion motion has been much demonstrated
in thin-film heterostructures with interfacial
Dzyaloshinskii-Moriya interaction (DMI) and bulky
B20 chiral helimagnets. Recently, antiskyrmions have
attracted much attention because of their unique
spin configurations with Bloch- and Néel-type
domain walls arising from an anisotropic DMI. Their
dynamics have yet been discovered in real space and
are significant for antiskyrmion-based devices.

In this year, I studied the controllability of various
topological spin textures in various material systems:
Neel-type skyrmions in van der Waals (vdW)
structure, Bloch-type skyrmions in chiral B20
magnets, and antiskyrmions in S; symmetry magnets,
in terms of Lorentz Transmission microscopy
(L-TEM). I have demonstrated that the Bloch-/Néel-
type twists are tunable by engineering capping layers
in vdW-structure systems and measured the different
q vector alignments of the Néel-/Bloch-type twists
by in-plane magnetic fields. These achievements
significantly aid in understanding the physical nature
of magnets and engineering two-dimensional (2D)
magnetic spintronic devices in the fields of spintronics
and 2D vdW materials. By employing the electric
current, I have first demonstrated the 100-nm single-
skyrmion motion, the control of the skyrmion trace,
the reversal of skyrmion Hall motion by reversing
the topological number, and the dynamic transition
of skyrmion motion from a pinned-static state to
the flow motion at room temperature in a chiral-
lattice CosZnsMn,. These experimental observations
provide the first experimental evidence to confirm the
universal behaviors of current-driven single-skyrmion
dynamics in chiral-lattice magnets and pave the way
to skyrmion-based spintronic applications.
Furthermore, I have demonstrated the formation and
control of confined metastable antiskyrmions by way
of quenching the thermodynamically stable phase
in the S,-symmetry magnet Fe,sNigoPdo.P. These
antiskyrmions persist in a wide temperature-magnetic
field region, which importantly includes room
temperature and zero magnetic field. We reveal that

RIKEN Center for Emergent Matter Science
Laboratory Head . Xiuzhen YU

the formation of metastable antiskyrmions depends
strongly on the magnitude of the cooling magnetic
field, while less depends on the cooling rate. we have
investigated the impact of sample geometry on the
antiskyrmion/skyrmion lattices, revealing the inter-
particle and particle-edge interactions. These results
will form the basis for generating and controlling
antiskyrmions in confining device geometry.
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Papers

1.Peng L. C., Karube K., Taguchi Y., Nagaosa N,
Tokura Y. and Yu X. Z.: Dynamic Transition of
Current-Driven Single-Skyrmion Motion in a
Room-Temperature Chiral-Lattice Magnet, Nature
Communications 12, 6797 (2021)*

2.Peng L. C,, Yasin F. S, Park T.-E., Kim S. J., Zhang X.,
Nagai T., Kimoto K., Woo S. and Yu X. Z.: Tunable
Néel-Bloch Magnetic Twists in Fe;GeTe, with van
Der Waals Structure, Advanced Functional Materials
31, 2103583 (2021)*

3.Peng L. C., Iakoubovskii K. V., Karube K., Taguchi Y.,
Tokura Y. and Yu X. Z.: Formation and Control of
Confined Antiskyrmions, Submitted®
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Research Society (MRS) Spring Meeting 2021, Apr.
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Y., Taguchi Y. and Yu X. Z.: “Real-space observation
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antiskyrmions”, The 77th Annual Meeting of the
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of topological skyrmions/antiskyrmions and their
transformation” Joint MMM-INTERMAG, New
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Orleans, LA, USA 2022, Jan. 10-14

4.Peng L. C., Karube K., Taguchi Y., Nagaosa N.,
Tokura Y. and Yu X. Z.: “Current-driven single-
skyrmion motion in a room-temperature chiral-
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Japan 2021, Oct. 21-23

XXI-018  Anomaly-Based Symmetry Constraints on Quantum Gapped Phases

and Gapless Phases in Many-Body Systems

The present study focuses on the symmetry constraints
on quantum phases in many-body systems. It consists
of the following two parts.

1)Many-body systems with exotic statistics:

Based on Zy symmetry, we formulate a
parafermionization/bosonization scheme for one-
dimensional lattice models and field theories
on a torus, starting from a generalized Jordan-
Wigner transformation on a lattice, which
extends the Majorana-Ising duality at k=2. The Z-
parafermionization enables us to investigate the critical
theories of parafermionic chains whose fundamental
degrees of freedom are parafermionic, and we find that
their ciriticality cannot be described by any existing
conformal field theory. Explicit forms of partition
functions are obtained by the developed method for
a large class of models, whose operator contents are
intrinsically distinct from any bosonic or fermionic
model in terms of conformal spins and statistics.
The result would contribute to the understanding of
parafermionic topological phases and their application
on quantum computing.

2)Many-body systems with conventional statistics:

We propose a geometric framework to study quantum
many-body systems with discrete spin-rotation
symmetries and lattice inversion or rotation symmetry,
but without translation symmetry assumed. Under
symmetry-twisted boundary conditions, we find that
any inversion-symmetric spin system possesses a
doubly degenerate spectrum when it hosts a half-integer
spin at the inversion fixed point. We also show that any
rotation-symmetric spin model with a half-integer spin
at the rotation center has a similar degeneracy under

Name: Yuan YAO

Host Laboratory . Condensed Matter Theory Laboratory

RIKEN Cluster for Pioneering Research
Laboratory Head : Akira FURUSAKI

symmetry-twisting. We argue that these degeneracies
imply either a gapless low-energy spectrum or
degenerate ground states in the original systems
before symmetry twisting --- generalized inversion/
rotational Lieb-Schultz-Mattis theorems without lattice
translation symmetry imposed. The traditional Lieb-
Schultz-Mattis theorems with translations also fit in
the proposed framework. The result would extend the
application of ingappabilities in the systems without
any translation symmetry or continuous spin-rotation
symmetry. It also works as a guiding principle in the
design of quantum materials.
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Exploration of Non-dissipative Transport Phenomena in High-temperature Topological Magnets
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Engineering a Quantum Spin Hall Switching Device at Room Temperature
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Real-space observation of orbital states in strongly correlated electronic systems with
multiple degrees of freedom and its external response
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Emergent Two-Dimensional Properties on Van der Waals Ultrathin Films

and Heterointerfaces
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XXI-023  Ultrafast Excitation of Topological State

I have worked on a few different projects this year. On
the one hand, I have two projects carried over from
my previous position in Canada. One is a theoretical
proposal of using polar Kerr effect to detect the
spontaneous time-reversal symmetry breaking in a
topological superconductivity realized by twisting
a double-layer cuprate by a large angle. This study
provides the experimentally most relevant guidance
towards novel non-graphene twistronic states. The
other studies the interplay between magnetic field and
non-Hermitian skin effect -- a key phenomenon for
most non-Hermitian systems. It reveals an important
aspect that despite its complex-plane topological origin
the skin effect can be largely suppressed by magnetic
field. We finished these two projects with collaborators
and have them published this year.

On the other hand, I worked on two problems related to
ultrafast optical excitation. One is the photoexcitation
of topological solitons in an incommensurate charge
density wave, which is also published this year. We
consider the prototypical photodoping of electron-
hole pairs instead of incorporating electromagnetic
field directly. With this simplification suitable for this
inevitably large-scale incommensurate electron-phonon
coupled system, we can perform extensive real-time
simulations of the dynamics and also resort to deriving
and solving a low-energy theory of the solitons. This
study reveals how the continuous symmetry breaking
in an incommensurate charge density wave can lead
to new phase-winding topological solitons and phase
transitions only possible in nonequilibrium.

The other work proposes the new concept of
nonequilibrium topological spin texture in the
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momentum space, which is based on ultrafast
optical pump-probe ARPES detection of the surface
state of three-dimensional topological insulator.
Previous studies usually focused on either the real-
space picture of spin/magnetization manipulation
or the spin-channel information of surface state in
equilibrium. The main finding is the emergence of
novel nonequilibrium tornado-like textures in the
spin channel and momentum space, which bear a
delicate and comprehensive topological-winding
correspondence to the intrinsic and extrinsic helicity
factors in this light-matter interacting system. Our
analytical theory enables full account of all essential
features observed in the numerical simulation. We
submitted this work.
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XXI-024  Ab initio Approach for Phase Transitions Induced by Fermion Pairing:

Superconductivity and Exciton Condensation

Fermion pairing is recognized as a consequential
mechanism for specific electronic phase transitions
induced by the condensation of fermions. Researches
to date have established qualitative field theory
descriptions, whereas quantitative predicting methods
are still urgently needed and under development.
This project aims to build an efficient and accurate
predictive tool for phase transitions induced by
pairing effects, such as superconductivity and exciton
condensation. Previous work has shown the ability to
predict the critical temperature using superconducting
density functional theory (SCDFT), but the approach
for corresponding exciton condensation is still
missing.

Exciton condensation has been theoretically described
as an analogous of superconductivity with Cooper
pair replaced by electron-hole pair. However, the
searching of the exciton condensation phase is
obscured by its CDW-like crystal distortion, making
it indistinguishable from the conventional CDW
induced by the Fermi-surface nesting effect. While
experiments using ARPES are developed for this
problem and provide promising evidence in bulk
TiSe,, it is still debated whether the condensed
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exciton is the driving force in its monolayer form.
First-principles methods can provide an alternative
approach to distinguish the ambiguity. Thus, we
propose developing and implementing an ab initio
scheme to investigate the exciton condensation phase
and apply it to TiSe,.

We combine the many-body perturbation theory,
mean field theory, and density functional theory to
derive the gap equation of exciton condensation. We
utilize the result to carry out numerical computation
on monolayer TiSe,. However, the resultant critical
temperature blows up when we include the lattice
distortion by considering the electron-phonon
coupling. We have shown that this unphysical
behavior of T. is robust in our approach by discussing
vertex correction and the possibility of polaron
formation. On the other hand, a previous modeling
study shows the blowing up of T. exists as a failure of
the mean field approach, which signatures a BCS-BEC
crossover. As a result, we conclude that our method
based on mean field theory is insufficient to study
the monolayer TiSe,. Our next step is to develop a
theory based on BEC-type phase transition for exciton
condensation.

XXI-025 757 xVIZBIABMERIAAY Y ba=r 20k

Exploration of viscous electron fluids spintronics in graphene
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Development of Methods for in vivo Hydrogelation Triggered by Benzannulation Reactions
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Photocatalytic Active Intermediate of Organometallic Complex Revealed by Ultrafast

Time-Resolved Spectroelectrochemistry
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Molecular Technologies for Artificial Flowering Regulation
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XXI-029

Nanoscale Visualization and Electronic States of Electrochemically

Intercalated Materials Using a Combined Electrochemistry and

Scanning Tunneling Microscopy Approach

Electrochemical (EC) intercalation involves the
insertion of ions (guest) into layered materials (host)
and is part of the working principle in applications
ranging from lithium-ion batteries to water-
splitting devices. The importance of electrochemical
(EC) intercalation to our everyday lives has been
recognized by the recent Nobel Prize in Chemistry
(2019) awarded for the development of lithium-ion
batteries. Although widely studied at the macroscopic
device level, there remains deficiencies in our
nanoscale understanding of intercalation regarding
the local structural and electronic changes concerning
the intermediate steps, behavior of ion transport, ion
arrangement and electronic states. Understanding ion
transport is important because it directly influences
the performance characteristics of lithium-ion
batteries concerning the rate of discharge/charge and
discharge capacity. Namely, it is imperative to have
a mechanistic understanding of ion transport as this
directly affects device performance.

My project addresses the need to improve our
nanoscale understanding concerning the intermediate
steps of intercalation, namely, the behavior of ion
transport, local ion arrangement and electronic states
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which are inaccessible with conventional techniques
due to sample limitations and insufficient spatial
resolution. I will accomplish this by using an approach
that combines electrochemistry and ultrahigh
vacuum scanning tunneling microscopy (denoted
as EC/UHV-STM). Utilizing this approach, high-
resolution real space “snapshots” of the step-by-step
intercalation process will be obtained regarding (1)
characterization of the behavior of ion transport and
local ion arrangement, (2) insights into the changes in
the local electronic states. My project aims to establish
structure-property-reactivity relationships concerning
EC intercalation for a green and sustainable future.
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Substrate-Directed Photoredox Catalysis for Selective C-H Functionalization
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Understanding the Developmental Mechanism of the Renal Stromal Progenitors in
Mammals and Reconstituting the Kidney Development In Vitro
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The Role of Functional Interaction Between Microbiota and Epitranscriptome

in Inflammatory Bowel Disease
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Calcium Imaging of the Neural Activity Underlying the Mismatch Negativity

in Primate Brains
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Investigation for Progression Mechanism of Heart Failure Using Integrative Omics
Approaches to Inherited Cardiomyopathies
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XXI-043  Establishing RNAi-based Somatic Cell Immunity

Name: Steven Matthew HEATON

Host Laboratory : Genome Immunobiology RIKEN

I undertook four main research topics in FY 2021: 1)
development of a genotyping method for endogenous
human herpesvirus-6 (HHV-6); 2) development
of a method for target-enrichment and sequencing
of mammalian telomeres; 3) pooling cells from
genetically diverse donors to enable multiplexed
genotype-phenotype analysis; 4) engineering an
RNAi-like system to achieve post-transcriptional
control of endogenous and exogenous genes.

HHV-6A and B can be found in integrated,
endogenous forms in the germline of at least 70
million people worldwide. Using a tiling PCR

Hakubi Research Team
RIKEN Center for Integrative Medical Sciences

Laboratory Head : Nicholas Fredric PARRISH

amplicon strategy with over 100 oligonucleotides,
good coverage of the ~160 kb HHV-6A and HHV-
6B genomes integrated within donors” genomes was
achieved. Extensive optimization was performed on
regions of lower or incomplete coverage. Nanopore-
based long-read sequencing of the resulting amplicons
was of sufficient resolution to assign these donors, as
well as donors with unknown HHV-6 genotypes from
different geographic regions, to the correct HHV-
6 species. In the future, short-read sequencing these
overlapping amplicons using would enable analyses of
single-nucleotide variation.
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Telomeres are essential in genome replication in
eukaryotes, and telomere dysregulation can lead
to premature aging or cancer. In addition, HHV-
6 preferentially integrates into telomeres and may
dysregulate genes in the sub-telomere or otherwise
affect cell survival. Various approaches for
determining telomere length exist, but none enable
resolution of the potential variation within telomere
sequences. Custom oligonucleotide duplexes were
designed and successfully tested for their ability to
efficiently hybridize with human telomeres. These
duplexes were designed to accept sequencing adaptors,
thereby allowing sequencing of human chromosomes
starting from the telomeric termini.

The physiological response to any disease or therapy
can vary greatly between individuals. Indeed,
populations are genetically diverse, but model
organisms derived from a limited genetic origin
may not represent this. To address this, a cell library
containing hundreds of individual donors was
produced. The cell library was exposed to various
treatments including an anticancer drug and SARS-
CoV proteins, and changes in the genetic diversity of
the library as well as changes in gene expression were
assayed using ‘bulk’ RNAseq and single-cell RNAseq.
Genome-wide association studies are underway

to discover novel relationships between donors’
genotypes and their responses to cellular challenge.
The rapid evolution of viral genomes poses challenges
to the development of effective therapies and often
renders existing therapies ineffective. To address this,
a lentiviral transduction system was successfully
tested and optimized for the stable modification of
cells in the cell library. These cells are undergoing
further modification and reprogramming for guided
control of gene expression. The interaction of this
system with existing systems of gene regulation and
immunity are also under investigation.

@ Publications

Papers

1.Atkinson S.A., Heaton S.M., Audsley M.A., Kleifeld,
O. and Borg, N.A.: TRIM25 and DEAD-box RNA
helicase DDX3X cooperate to regulate RIG-I-
mediated antiviral immunity. Int. J. Mol. Sci.
22(16):9094 (2021) published *

Review articles

1.Takahashi T., Heaton S.M. and Parrish N.F.:
Mammalian antiviral systems directed by small RNA.
PLOS Pathog. 17(12):1010091 (2021) published *

XXI-044  Clarifying the Neural Mechanisms of Motivation with High-field ftMRI

and Neurofeedback

The goal of the present study is to understand
how motivation is organized in the brain. While
motivation can be generated extrinsically through
mechanisms such as monetary reward, humans
can also be motivated intrinsically. This form of
motivation, which is essential to creativity and
innovative thinking, has yet to be fully understood
from a neurological perspective. Using a grip-force
task with variable reward based on physical effort, we
plan to record the neural activity of human subjects
using high-field 7T fMRI under either intrinsic or
extrinsic motivational states.

Towards this goal, we must first develop an
experimental paradigm and apparatus that can
operate inside the MRI scanner. We have acquired
an MRI-compatible grip force sensor commonly

Name: Ethan OBLAK

Host Laboratory . Laboratory for Human Cognition

and Learning
RIKEN Center for Brain Science

Laboratory Head . Kazuhisa SHIBATA

used in such experiments (Current Designs Inc.,
Philadelphia, PA, USA). This sensor has a large
force range (1000N) to accommodate the maximum
voluntary contraction (MVC) of participants, which
unfortunately means that it has poor resolution in
lower force ranges which will be encountered in
certain stages of our experiment. To resolve this, I
developed real-time digital noise filtering using a ‘one
Euro filter’ in Python to ensure a smooth display of
force values over the sensor’s entire dynamic range.
This filter, originally developed for human input
devices, has advantages over other real-time low-
pass filters because it is sensitive to rapid changes in
input - meaning that it can still respond quickly to
immediate squeezes or releases on the grip sensor.
I have also begun developing the main experiment
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code in Python using PsychoPy, a popular library
for psychophysics experiments. Although my
development in the current financial year was limited
due to immigration restrictions in Japan, I hope to
begin piloting grip-force experiments soon. Once we
have elucidated intrinsic and extrinsic motivational
states outside of the MRI scanner, as measured by
force effort before and after a monetary reward stage,

we can begin to perform neuroimaging experiments.
RIKEN CBS has recently acquired a high-field 7T
MRI scanner, which will become operational over the
next year. Future work will develop fMRI sequences to
image subcortical structures associated with reward
and motivation, before finally using the grip-force
sensor inside the MRI scanner.

XXI-045  Emergent Prosocial Behavior During Dynamic Human Group Formation

Name: Ryan Paul BADMAN

Host Laboratory . Social Value Decision Making

Probing the emergent changes in human cognition
as group sizes increase is vital for understanding
the evolution of large cooperative societies. Larger
group sizes often require complex self-versus-other
trade-offs, as well as possibly greater cognitive load
to process than smaller groups or dyads—an issue
which has rarely been studied in social neuroscience.
Specifically, there has been few studies exploring
how cognitive changes associated with group size
increases, or decreases, affect cooperation within
economic decision-making experiments, as group
size is typically fixed rather than modulated within-
session. We thus deployed a novel, social network-
embedded-dyad version of the classic iterative
prisoner’s dilemma (PD) task to study how preference
for cooperation changes, within-subject, as a function
of group size (N=75 for behavior, N=26 for fMRI).
Each trial consisted of a two-way PD game with one
randomly chosen group member. New group members
were added every ~5-10 trials in 180-trial sessions
(up to a group size of 5 partners), but both the subject
and current partner could unilaterally break ties
on select trials. Being in larger groups was assumed
to affect both memory and social behavior, which
we examined by behavioral and neural analyses.
Subjects consistently followed a well-performing
decision policy (tit-for-tat, TFT), in which subjects
imitated the prior choice of the current partner from
their previous interaction, suggesting subjects could
strategically track and respond to multiple partners
even in larger groups. However, subjects became
more forgiving as group size increased, with higher
cooperation rates that resulted in larger group sizes
being maintained from partners breaking social ties
less (despite defection being more optimal for score).

Collaboration Unit
RIKEN CBS-Toyota Collaboration Center
RIKEN Center for Brain Science

Laboratory Head : Rei AKAISHI

Response time (RT) also increased with group size,
suggesting larger group sizes required more cognitive
load to process, while there was a default preference
shift from faster RT for defect in dyads to faster RT
for cooperate in larger groups. Larger group sizes
were associated with changes in both activity and
connectivity within brain networks that have been
associated with social cognition, working memory,
and deliberation. Overall, humans seem to default
to more cooperative strategies in groups partly due
to intrinsic preference for larger group sizes, and the
observed prosocial behavioral transitions may be
mediated by interactions/conflicts between intrinsic
valuation of social connections, extrinsic valuation of
material reward, and cognitive load.
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R., 2022. Perceptions of Social Rigidity Predict
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3.Badman, R.P., Wang, A.X., Skrodzki, M., Cho, H.C.,
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Y.S. and Akaishi, R., 2022. Trust in Institutions,
Not in Political Leaders, Determines Compliance
in COVID-19 Prevention Measures within Societies
across the Globe. Behavioral Sciences, 12(6), p.170.

4.Badman, R. P., Wu, Y., Inukai, K., & Akaishi, R.:
Blessing or curse of democracy?: Current evidence
from the Covid-19 pandemic. arXiv, 210510865.
(2021).
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The effects of extracellular matrix and cell adhesion molecules on extension, retraction and
pruning of sensory nerve endings, and their application to pathology
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The role of hub neurons in wide-field cortical neural activity underlying perception
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XXI-048  Optical and Optoelectronic Studies of Boron Nitride Nanotube/Carbon
Nanotube Coaxial Heterostructures

Name: Zhen LI

Host Laboratory . Quantum Optoelectronics Research Team

In present study, we aim to explore the unique
physical phenomena that emerge from the material
interface in van de Waals heterostructures. The
recently discovered one-dimensional boron nitride
nanotube/single-walled carbon nanotubes (BNNT/

RIKEN Center for Advanced Photonics
Laboratory Head : Yuichiro KATO

SWNTs) have been adopted as the material platform.
In the first subproject of this study, by combining
photoluminescence excitation spectroscopy (PLE)
and transmission electron microscopy (TEM), we
have investigated the influence of BN coating on the
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optical properties of the inner SWNTs. Air-suspended
BNNT/SWNTs with different thickness of BN coating
have been synthesized on location-tagged TEM grids
that allow us to compare the optical and structural
properties of the same heterostructure. By comparing
the PLE maps taken before and after BN coating, it
has been found that BN coating can induce either
blueshift or redshift of the excitonic energies of the
inner SWNTs. When the BN coating is thin, E;; and
E,, resonance energies of the excitons tend to show a
small redshift, while the resonance energies begin to
show a dramatic shift regardless of direction when the
BN coating is thick. Due to the long and thin nature
of SWNTs, their properties are extremely sensitive to
the surrounding environment. Dielectric screening
as well as the strain introduced by BN coating are
considered to have major influence on the excitonic
energies of the inner SWNTs. When the BN coating
is thin, little strain is applied, the redshift in excitonic
energies is mainly contributed by the dielectric
screening effect. When the BN coating is thick, strain
becomes severe and impacts the excitonic energies
heavily, along with the contribution from dielectric
screening. Meanwhile, due to the hydrophobicity of
BN, BN-coated SWNTs have the possibility to show
a blueshift in the excitonic energies compared to

uncoated SWNTs due to the water desorption effect.
To further understand the relationship between
excitonic energies and BN coating, TEM has been
performed on the heterostructures that had been
optically characterized. BN shells show a tendency
to nucleate from the ends of the SWNTs, and a
significant number of SWNTs are only partially
coated by BN near the two ends. The partial coating
of BN deforms the inner SWNT and is considered as
the cause of the strain. Attempts have also been made
to associate the BN shell number with the redshift
of the excitonic energies, but instrument limitation
prevented us from quantifying the exact shell number.
Overall, factors including dielectric screening,
strain and water desorption/adsorption are found to
significantly influence the excitonic energies of the
inner SWNTs. These results will contribute to further
understanding of the exciton behaviors at atomically
thin material interfaces.

@ Publications

Papers

1.Li Z., Otsuka K., Yamashita D., Kozawa D. and
Kato Y. K.: Quantum emission assisted by energy
landscape modification in pentacene-decorated
carbon nanotubes. ACS Photonics, 8, 2367 (2021).*

XXI-049  Towards twisted light devices with single-walled carbon nanotubes

Name: Chee Fai FONG

Host Laboratory : Nanoscale Quantum Photonics Laboratory

Carbon nanotube is a promising material system
for next generation optoelectronic devices. Carbon
nanotubes can be thought of as a rolled sheet
of graphene, which exhibits different so-called
chirality and handedness depending on the “rolling”
configuration and direction. Given these additional
structural degrees of freedom, the optical properties
of carbon nanotube could be amenable to light with
nonzero angular momentum. For example, circularly
polarized light has nonzero spin angular momentum,
while twisted light has nonzero orbital angular
momentum giving rise to spiral wavefronts. However,
the carbon nanotube is only a few nanometers in
diameter, compared to a focused excitation light beam
spot which is of the order of a few microns, there is a
large mismatch in their characteristic sizes hampering
the interaction between the carbon nanotube and the
optical fields. To facilitate the interaction between
carbon nanotube and the excitation light, one could

RIKEN Cluster for Pioneering Research
Laboratory Head : Yuichiro KATO

couple the carbon nanotube to photonic structures
to manipulate the optical properties of both the
excitation light and the emitter.

Our choice of photonic nanostructure is the H1
photonic crystal (PhC) cavity. The H1 PhC cavity
could support two degenerate and orthogonal linearly
polarized dipole modes which can give rise to circular
polarization when driven suitably with a n/2 phase
difference. However, such H1 PhC cavities are usually
unable to support circular polarization practically
because of the fabrication errors which break the
symmetry of the cavities. As such, we propose a new
design for the H1 photonic crystal which breaks
the symmetry of the cavity intentionally to induce
circularly polarized cavity fields. In our proposal,
two selected air holes near the cavity are modified to
induce non-Hermitian backscattering between the two
orthogonal linear modes. With suitable modifications
to the cavity parameters, the system approaches a
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special degeneracy known as the exceptional point. In
the vicinity of the exceptional point, the cavity fields
are highly circularly polarized. We have confirmed
this effect via numerical finite-difference time-
domain simulations. In principle, such an intrinsically
circularly polarized H1 PhC cavity is expected to be
useful for coupling to carbon nanotubes to investigate
their chiral properties.

@ Publications
Papers
1.Chiral modes near exceptional points in symmetry

broken H1 photonic crystal cavities C. F. Fong, Y.
Ota, Y. Arakawa, S. Iwamoto, Y. K. Kato Phys. Rev.
Research 3, 043096 (2021). *

@ Oral Presentations

Conferences
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Kato, “Intrinsic circularly polarized H1 photonic
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Development of soft X-ray multidimensional imaging system
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Experiment-based Mechanistic Modeling of Lumen Formation and

Remodeling Principles in Tubulogenesis
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Host Laboratory . Laboratory for Vascular Morphogenesis

In this research, I propose to combine computational
modeling with experiments on zebrafish embryos
to study the role of hemodynamic forces in the
regulation of vascular network pattern. I will
investigate apical membrane invagination and bleb
formation and retraction mechanisms that have been
observed by prior studies during lumen expansion
in sprouting intersegmental vessels (ISVs) of the
zebrafish trunk vascular network. Fundamentally,
I will answer the research question of what role
the apical membrane blebs play in vascular lumen
expansion and how forces of blood flow contribute
to the rates at which blebs may form and retract. The
dorsal longitudinal anastomotic vessel (DLAV) and
caudal vein plexus (CVP) of the zebrafish will also be
studied for vessel fusion and pruning in relation to
the level of blood pressure (P) and wall shear stress
(WSS). Here, I propose to provide mechanistic models
of how B and WSS augment endothelial cell behavior
to facilitate fusion and pruning of vessels.

As a first step to achieving these aims, I have
developed a computational fluid dynamics (CFD)
model of microhemodynamic flow with deformable
red blood cells (RBCs) that contribute to WSS
spatiotemporal distribution in the vascular network.
As RBCs can occupy as high as half the volume of
blood and are of comparable size to the blood vessels
in the trunk network, their effect on local blood
viscosity is essential for correct wall shear stress
calculation. Presently this model’s effectiveness was
demonstrated in the comparison of WSS patterns
amongst wildtype zebrafish and mutants (Marcks-
like-1 deficient mutants with reduced lumen diameter
and Semaphorin-Plexin deficient mutants with
excessive ectopic sprouts leading to vascular mis-
patterning of the ISV network). This work is currently
being analyzed and in the process of drafting a
manuscript for submission to a paper.

Additionally, a high throughput fish imaging

RIKEN Center for
Biosystems Dynamics Research

Laboratory Head : Li-Kun PHNG

capable of imaging up to 50 embryos at a time was
developed. This approach was essential in providing
a backdrop to the current project by providing
baseline hemodynamics and vascular morphology
development trends in zebrafish. Using RBC tracking
velocimetry and empirical formulas for the Fahraeus-
Lindqvist in microhemodynamic flow, I obtained
coarse-grained estimation of WSS in zebrafish trunk
vessels. From this semi-empirical coarse-grained
model, I discovered two trends in WSS spatiotemporal
patterning in zebrafish embryos from 2 to 6 days
post fertilization (dpf). First, the WSS in most vessels
in the trunk network appeared to converge to levels
below 0.3Pa by 6dpf. Second, all embryos displayed an
anterior-to-posterior trend of decreasing WSS towards
the tail, but this trend becomes less significant with
each developmental stage. These two trends together
suggest a convergence towards WSS homogeneity
and a loss of WSS gradient derived guidance cues to
endothelial cells in the zebrafish trunk network as
the fish matures. This work is currently completed
and a paper is in preparation for submission to an
international peer-reviewed journal.
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Design of organic light-emitting materials: Form computational discovery

to experimental evaluation
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Development of quantum-limited microwave amplifiers using hybrid

superconducting circuits
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Developments of a "Persistent-Current”, "Helium-Free" and "Self-Protected" High-

Temperature Superconducting Magnet
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