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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 2024. 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, physicsl, physicsII, chemistry, biology, medical science, 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 environment 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 balance, such

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

In addition, with consideration to changes in the environment surrounding the SPDR program in recent years, the

support for the SPDRs has been expanded since FY2023, including increases in salary and research budget.

Since the program started, there have been a total of 2,033 SPDRs and 153 FPRs and there are currently 159 SPDRs (as of
October 2025).

October 2025
RIKEN
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Development of first-principles methods for quantum many-body systems based on
functionalrenormalization-group aided density functional theory

AAFREIE. DEOMEOI VOBRBRAITFTOLAN
JVICED W, DEDZARMBOFERAKICDOVT
DHDTH B, FHTNBEEL D ZHEE(FRG) P EEINES
BEREVWSFRET—NICHREEDHTND, D
&5RF77O0—F TR CRBEEHSHEX(FDE) WS
BB RM DT EIN(PDE) Z WHNICES D E WS EREIC
BHEY %, 2 CAEEIFEICFDEZ@ELS 7ZILT VX A
DREFEITEND U, FiC, SEFRRICEELTWSPDE
%R < 7RI Physics-informed neural networks
(PINNS) E WS HERZE B ICED W AENH D, ZDH
EZFAWCFDE ZB<H e BF ExMRE Uiz, BHEMIC
&, IR FEMREEBAT S ETFDEZERITD PDE
ICTBIENTE ZNICPINNZERTESEWVWS7A
T EEHHUTce ZDFE%EFRG TR S FDEICHE
FAU. BWEREVWSZRRDRABERZR > IcER
SHEITIHOERMbE T L DI, EFRMRETEREL
T, TEXRTON)ER WS EBZBMNES iR R 1T
HAL, BEPEDLSVWOEMBRRERITZNERAN
feo BEBPREBFHEEOLRICED. COAENER
ICERBERFRG OfREE UTHEET 5 2 & & BIEMICR
Ufco Elow ZOFETIE—DDIFOENME T TIEHRL

AREKS - EHJE Takeru YOKOTA
RAMRE  BBRAKETOT T LA
(FRER #HE%)
KRR BIBORMICOWCRFICEMERZRkHZD &N
TED, ZDENS, FF—RREVWSTREKDFRCD
FHETERTIFTETZDONE U S IGENDHTRT
TO—FIC/32 CHFTE D, AMARZFETIIBENE
BEHB\DOIGAET—YEUTIEIATWDH, ZOEW
FHEOAEFTZENICHUTCHISEATE, AARREEZK
EHLED BIHDEMICRDBZ, REEDHEE
SISICERRTORICIGAL. AHT—BRICHITDIE
—RRECYEFROF—RBBEEOEFICISATSIE
[EEBRE WV, T5ICZDPINNs ICED WA EIFNE
HRET. 74V h—TI5V 0 ABRREVSFETRT
BN2XNDICABRECRBICENTE 2OLSH
WA BADBA, KO PINNs BiEQOEBHHES
SHSEOMROERNREAENS,

@:5 FH 3K Publications
(REFH)

1. Takeru Yokota, Physics-informed neural networks for
solving functional renormalization group on a lattice,
Phys. Rev. B 109, 214205 (2024).
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On Refinements of Characteristic Epsilon Cycles and Conductor Formula

AEEFEEIC. BEHDAF—LAICT L Tnearby
cycles functor DR ZEET 2MRICED B AT,
nearby cycles &ld. ZIRE_EDBEIED critical point
DRFZIREAY—MICRA LS EURFICERICR
NBWRTH D XL KA ETD(ERLHEAETHLL
L. BRFRZFOEZHROELEORELHEAETHLL), X
LoBE#fiLaffine BEIRANDEERBEDH. Ih%E
ZRAEDIE. HBWNET7ATL—raveEZBI I
9%, ZUCINADRERTRERZR>TLWA K%
EZ%. EAHIELTIHEAMBROENS 5. AT/INZ
A—=FFIF5NIEHBROETH D, — RO RICHIG
I BEMHMIRIEBESH D RERICHIET 26 DIFRL
TWB(DEDRERZF O VWD) DA HBNIE. ZD
BEOEEBEXELT ANDSEEEfETNIELEDLS
BIRRICHRD, ZOLSBXETNEZISNIEE BR
DHBEEMilnorDEEICELD. FRROBEDDEEIT/N
ITEFERICHZ2—BDOEXITHL T TOXx EDT 740
N=ExICEESTICARICEZ I ENFMENTNS, K
ZOIREAY—ERAETHD. In%knearby cycles
cohomology & &3, 2D nearby cycles(ZidEE/ KO
S—EREVWSBABEOERANLELTED, EX TV
2R EAY—FHORR LD, CDKSEIERZE

AEREKSE @ TR K Daichi TAKEUCHI
ZAMRE | EFAEREaMREY 5 —
NAERRIMMES IL—TF
HoERIZF — L
(FFER RA #—)
LT HERDKRFZREBIICHANSIENTESL
WS Dh nearby cycles DERDIFMTH 5,

Nearby cycles DIEFRE BIBEHDRAF —LEWVWSHELE
DERAE TRV, KOEERIRRANNRICHLTE
B 2BEEZEZ D, ZHRAEDHEICIE., affine BIRIE
—RITTHDEANREED AR TN ofce —A TR
BHOIGZEIFEZZNEaffine BIR, (&2 RITICAED,
FANR T ETlEnearby cyclesEEHT 3D IEEE T
H %o REE L Scholze Klc K DFIF S iz diamond
DIFY—)LIREAY—FmEESIET ORHZR
BRU nearby cyclesZE& 92 &ICIN Uz, S#IE
nearby cycles DB ZFANTRIERDFESHEFIC
EADELSPEEICLTVWETL,

O[IEE¥ % Oral Presentations

(F=

1. Daichi Takeuchi : “Deligne-Laumon formula for local
epsilon factor”, Pan Asia Number Theory Conference
2024, VIASM, Hanoi, Vietnam, 2024578

2.Daichi Takeuchi : “Constructing a nearby cycles
functor for functions onmixed characteristic

schemes”, L-functions and motives in Niseko 2024, 1t
YEE, 202459H
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Global Analysis on Lorentzian Manifolds with Constant Sectional Curvature

KEEBMEFEICS | EHE T Riemann B AZICE T
B AREREREZORIMEMBEICID AR, Riemann
BAZNEEEDOHENSEFDZEARABREHZRHODIC
LT, RO R E B EE Riemann 102 [ FAEXT 1
B CHENSLOSBAENS Dt R DR AZRS,

AEETEECUTO FABENEETZ) HAHEZE
To7co
OHFEORRELVTEFTCBEHEEK(AEXRE)

EHIEL—K GBRF AIP) E D HEERZEHY Progress in

Mathematics 550777~ =BT,
QEFEEDRRE UTE S LRIELE—K EHAIP) &D

HEMRRE  EONDRRERTHEBEIT olc. ZEfHEHR

DX DIEAN LKA BSIEESNDZEN DD,

HXAEICHEBDIDID > TVWBINELHRETIZDF

ETH D,

@3>/ k Clifford-KleinFE O Z . DT - &5 (4.
3) DEDEMIERGR I/ NEIRIEICIE, HENGSY
T 25— BmERARICERERER DEZHAL
Tco BRITDEMEBELSIREKIF) -V U RAZDRE
TRERERZRLBVWEISERSNL (Mostow
RIEEE), CORRICOVTIEHRIXDREEEDT
W5,

MEERE : Hh —E  Kazuki KANNAKA
RANFRE : BEBRETOY T L
(frER #HEB%)
@55 £33 Publications
(RZEFRSO
1.Kannaka, K., Okuda, T., and Tojo, K. Zariski
dense discontinuous surface groups for reductive
symmetric spaces, 32 pages, to appear in " Symmetry
in Geometry and Analysis -- Festschrift for Toshiyuki

Kobayashi". M. Pevzner und H. Sekiguchi eds.,
Progress in Mathematics, Springer (2024).

O[IEE% % Oral Presentations

(=

1. H®—1#8, Zariski dense discontinuous surface groups
for reductive symmetric spaces, “ &IR & MR D
UMD (REE AP HE—BERRKTF)) , REKX
FEIRBATIIITRT, 2024568

2. B —¥8, O/ k Clifford--Klein FRDZEFZ , RAE
wEREIF—(REE: BHARER) , REKE, 2024
F6R

3.K. Kannaka, Lie theory and rigidity theorem,
iTHEMS NOW & NEXT keynote talk, E{tZHFEFT,
2024578

XXI1-003 REIZMAAD BEBIL & G R

Degeneration of variety and canonical metric

AFEDBZIF Perelman Ty hOE—(ICEAS5T 2K
HERADRBRICOETEE—RIEDHEZBRTH
ETH B, COMICIIRBSREDKLEREYEY 2T
TERBEVWSRBRMANRERZHHELTUDELZ
ENTESZH Kahler &fAlICHF5 PerelmanT> 0O
E—HBE D Riemann AN 5 IEFRTER VR
HEZEHDH. CNICBLTEDLSHIBEDER%
EDS 2O ZESMCULIEWE WS TN AR EIHES
H%

WMEREKS - H#LE BT Eiji INOUE

ZARRE  BERAETOT T L

(FFER #H &85
RERKREEIF, BEZ>REZHRAEORFERL
DEHEE—RBEOHBZBRUIc. INFETENBFDE
BRI TIEBREEZEEIC BT\, Kahler
K2 FOZERTY I vILBEEOD TOFH EWSHTLW
BRDOBALZDOHEDORRICS>TAEEZRFER
DFEICIFETEBIEZRHL. InlCE>THEZR#
RU. COMRIEEARANDHEESTREL, BEHN
EROIRMOBMITIOTH EE —BEIFTNZEN

DHRZ AT ZDFETH S,



@zt F %3 Publications
(REFHD)

1. E. Inoue, Equivariant calculus on mu-character and
muK-stability of polarized schemes, to appear in
Journal of Symplectic Geometry.

@®[ZEH X Oral Presentations

1. E. Inoue, Distortion and Moment measure of L-psh
function over trivially valued field, K-stability and moment
maps, Isaac Newton Institute, Cambridge, May 16, 2024.

2. E. Inoue, Optimal degeneration of algebraic variety and
Perelman entropy, Moduli spaces and Singularities, CRM,
Montreal, June 23, 2024.

3. E. Inoue, Perelman entropy of Kahlerian spacetime,
Aarhus Complex Geometry Workshop 2024, Aarhus
University, Aarhus, June 26, 2024.

4. E. Inoue, Kahler FFZED Perelma T hOE—, #5E%, &
JERZ, L&, 7H8H

5. E. Inoue, Non-archimedean aspect of Perelman entropy,
One day workshop on complex and algebraic geometry, 5
RKF, R/, 7R17H

XXI-004 DALI, an axion dark-matter telescope probing the 6 to 60 GHz band

Name: Javier DE MIGUEL HERNANDEZ

Host Laboratory . Terahertz Sensing and Imaging Research Team

@ Publications

Papers

1. Echo-free quality factor of a multilayer axion haloscope
(PRd accepted)

RIKEN Center for Advanced Photonics
Laboratory Head : Chiko OTANI

@ Oral Presentations
Conferences
1. Talk at 19" Patras Workshop.
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Study of Hyperon-Hyperon Interaction in Multi-Strangeness Nuclei

FASSEE. 20224F(C K1Y GSI THF L7z WASA-
FRSEBRDT—YMBiTZ2 EICIT>TCE e MNEVT
WOy zalb—rarvzmicAFE U Graph Neural
Network (GNN) = BBW\ et F B I K 2 BITFE %N
BU. RT—%ICBRAT2IETN\A/I—KERERD
BR%Z{TH>7co GNNIC K2 BT TREDRWER %
Baroic. REB/T—YDMNBERR - KEBEHROKRIE
Z, ADRIEZ EDRASFEEZEEBL TTH . &
DR, T—YEERORRICEZT—YDEELHIET
Bfeic, ST — Y ZHlA b L TENZFNICH L TH
EIRTA—FZER UTco REDIERIBSNIARLERD
NBERETICEYTAILOYI2L—Y 3V TER%E
TW, RF—FYICBERET57HDCGNNETILEERL
feo ZNZEFAWTWASARKREERICAR LB FO N
Sy zEHEL, S5IEEE - NTF OB EHTE T S
ZET, fEEDKalman filter 2 BWehZy > Fik
ICHEARIEHEIEZ20% A LS T2 T &ITHINLT, &
5ICWASATIRE LT b F I UTHRIFEBIZ TV, %
OFMSprotonEn ZRAMKICKRHUZERZRTHL
Tinvariant massZstE 2 & TADEEICHIGT
SE—UBEEBRAL. NAOERBEIEERIRETET
WBZEEEI DIz, CORE, BRRDNIA—THREHEIN

&K% )Tl 5A1T  Hiroyuki EKAWA
ZAMRE : FBEMARAI
B LRI T —RIIARE
(FMBR 7ZEBE RZ)

feproton & E A EHE TMixed event a9
BZETNYITSOVRERERESD. A\ T
NERICKRETETWSIEEERLTWS, 250LT
WASARRHBRICKD RNV EV D EREICHELTWS
ZEZEN Do WASARHES E FRSZHASHE T/\
ANN—ZEBRBRERERFKT 2EMTIRELETHT
H2, EVTANOYZaL—yavEBRUBHASAN
VD cut & HDHEL. WASATIRH U pi- £ FRS
T UPHe D Invariant mass 2 EARNBZZET
INIR—R T R DE—IIEEERTEL TV,

@:5 LR Publications

(REFwX)

1.Escrig S., Rappold C., et al. : “First test of energy
response of the micro-vertex detection system for
the WASA-FRS Experiments”, Nucl.Instrum.Meth.A
1064 169392 (2024)*

2.Liu E., Drozd V., et al. : “A compact start time counter
using plastic scintillators readout with MPPC arrays
for the WASA-FRS HypHI experiment”, Nucl.
Instrum.Meth.A 1064 169384 (2024)*

3. Sekiya R., Itahashi K., et al. : “Search for #'-mesic nuclei
in "*C(p, dp) reaction with the WASA detector at GSI-
FRS”, Nuovo Cim.C 47 4, 230 (2024)*

XX1-006 ZHEBINC X D75 7R =D A DHIEE ZOFHiimk 22 im

Measurements of Black Hole Spins Based on Multi-wavelength Observations and Its

Cosmological Interpretation

MRZFEOBEZEF. BAFLICHIBERT IV
R—JL (BH: Black hole) W FEHimMNGRE AT —ILT
EDOLSICHRUTE M ZBHAE Y Z B U THS M
ICTBIETHD, INETOAEVRAIEDZL E. BE
ABHICEENEENICEEL TWSEENIRAZ (AGN:
active galactic nucleus) EEbNn2RICDVWTiThN
TEN BEXRTZVIMR—ILOREDIF. BEERE

ARERKSG : JIIE KF Taiki KAWAMURO
ZAMRE : FRAFRASR
BRREBARKREBRBBEMRFT —L
(FFER 1BF 1E#H)
ZHEDULTVWRWKDEELRRTHD, TNhHSZEBDI
ZANMEDHTEETH D, €I T FiRERIC—RKMWICT
EHIDBHBEERENRID, ZNICHESBRIEZ
BATZIETRAEVETHN TEDRERR. fIZILE
79 HR IR R Quasi-periodic eruption (QPE) /X
VIDEBERERFREEZISN TS, ZOXSHAH,
NEFINSERBREY —RAEHT—5H S RHH



ICRBEIZ2FEDOBEZBIE L. FEELT BWMZFE
BN—D2EZE5NEN, ZINEISICRKELLEFET
B UKIEEFORZHEWV-ETFEREBEOEREE
ABELU. EFHMFBOMRETHEDIHICEI. AGN
OHRBNGEBOERHANT — Y ZHMMT —7E LT
QPEDHKEMBREZEE T — Y& U TCEEIRETEDD
TRREEUTco BAEIT — 5 DYERICIE. AGN (CERBIRY 7R
Power spectrum density (BiR#EOZTHEE) %
R 7E L. Timmer & Koenig (1995) ICBID X E R %
BHEELU, QPEICELTIE. bRIENSEHBIINIE
O QPEZBE. ik, 2L Tduty cycle TR
DU ZENSDEEN T ZH LKA QPET—4% %
ERLUTco FBICIE, FREANRERICEICRIAON LY R
HEETESLong Short-Term Memory &Y kJ—%
R\, EFERET T BHE (77 v/ E) &
EFEYRO2RE (FIZIE, 10> & |1>) DERIRIEICIE
HIAH, ZNESHERIRALTEDLSICHRAZELIN
ENEFBEIED, BREVTET. HHENAEMEES
ETHEMEZLHMT —9% LF<ERL. £z, QPE
DHZHEMIETIE. BRENBERDEFEELTQPE
NRETEDZEEED DIz, B, HEELEELIZED
5, EFEBFEEOANLDEVEERTERERATE
BTED b ol COBSNICETEMEZETILE

HEL, RBORBEX BT —RAT—IDNSRHKRR
ZRET B TETH S,

®[I5EF S Oral Presentations

(F=

1. Kawamuro T.: “A Comprehensive ALMA Study of
Millimeter Continuum Emission from Hard X-ray
Selected AGNs”, EAS2024, Italy, 2024/July/1-5
(invited)

2.Kawamuro T.: “Quantum Machine Learning for
the X-ray Identification of Black Holes Linked to
Gravitational Waves”, JOINT N3AS - iTHEMS
MEETING ON QUANTUM INFORMATION
SCIENCE IN MULTIMESSENGER ASTROPHYSICS,
Japan, 2024/June/16-18

(L= —%%)

LINZEXRE  "EFEMFEORT—INDIGH: 8
EXTIvIR—ILBHRODEEXBREHORE", BEE
BREIEMET OV ZAEIE ARG, AV T,
20244 6827H

2NNERSE CRBEXBANEESREMIURIRERE T8
ELRET Sy R—ILZBRDE<YERROERR", F
HHIERBIZEI - —, KERKE, KR, BA, 2024558
16H

XXI-007 F ADFEBITEIEHENEE DR A 1 = X L

Formation of Neural Circuits That Facilitate Parental Behavior in Males

Z<OMILEBICHE VT, RERBEROME T4 RF
IEH U THANTIERW, UNUBESDOFREZERT 726,
BB IR ED SHEZ TORICFANDRMEES .
BNFOIEFENBEICEEBNICET (FEOTE%EE
3&5Cd, ZOBBTEZEAHT HIROIEERY,
FAOHEMEEETBETENSOBREIKICEDLS
BREENECTVNDZDOMNELLL DM >TWRWN,, ARERE
TIRERYIRZETILEYELT, BETEZEHHT
BANZZXLORBPICED B AT,

MEDRKREEEBDIRFERIMERTHBEFEZD
N ZLy R EB U TR ZT o fce 2O
B[S HENABARL S, EETEZRET DIERZR
DIENFSNTWBD, FUWRITIZBZREN TV,

fRREKS - f6H #E Kengo INADA

RANRE | EmEeEREMRtEy 5 —
ORI XU AARF— L
(FTER =8 M)

BEHOERBEZBLT TNV ILY U HREEENES
DADEFRIANOKEEIIEICEAS LTS R
ST U, FleZOpEZEHHIT/INY TL IV DIE
BEEEZH T NV TILIY YDAV NV U ZRIEE
EEMIEZVOXN—VBERVEELGEEZRILT
WBZEERBH U, EAEMICIZ/NY 7Ly @i
HEBMEEINI/N\Y LI Vid, RERAEFE WS 8
DAFY NV ZREEEELSEEIET FYTAN
OHEZMFEIL TV, INSOFERIE. EBTHICH
32\ Ty D#EEZRIEUIEIT TR, 201
BEEADOBRIC/AOXN—JBEKNMESELTVNEENS
BIBRRWEREASNCUIcEDTH B —EDRERSE
REFEDBUUIRESFMFE CLE 21— TH D, &



BB DRTE% bioarxiv AR Uiz,

AEFEEFINSOMEBRICMA T AFIRIVE
BEETHICEISL E 21— 13 % Neuroscience
ResearchifICHEE THRKR U, COFTIRERMFTZ
B9 7. 1930 FERNSBREICED I F>EEOERTT
HICEITINREMENICLE 21— U, SBEDNER
EOHABAMEICDOVWTER U co FLERBIYVRADFET
ERFRITZH TR EICDNWT, —ROFTEEZBE
UTcie it = DB 2R AR IC 1 RAE R U,

@:% %3 Publications
(HaEn)

—

.Inada K.: “Neurobiological mechanisms underlying
oxytocin-mediated parental behavior in rodents”,
Neuroscience Research, https://doi.org/10.1016/
j-neures.2024.04.001, (2024).

2.TBHERE NIV ADRXBHERDRBICEEZHD,

EWDEEFIITT, 74(1), 29-30, (2024).

O[IEEH 3R Oral Presentations

1 TBHEREE “ ERAOEREEE XX 2 HREEIKEL,
goE IS DOMERBIMATDOR. @i 2024F1H

2.Inada K.: “Neural circuit remodeling supports
pregnancy-associated excessive food intake in female

mice ”, B47EIHAHRRIZES K. 8. 2024F78

XXI1-008 BRIBIDFICMHED bTF VA7 YT =22 HWREAmMN: - R2AEZHEO Tl

Prediction of Cross Resistance and Collateral Sensitivity with Transcriptomic Changes in

Response to Environmental Changes

HROBELICH T D REMME PR ERZHE. &
CEDBRINTELLEERBBETH S, EF. B
T DESICLD, REMEPRERZEEZEREHEIC
BWTHARDZENTREICHE>TETWD, ULHLAED
5, REMELRZEZRZ %, ELFIOMENSK/5N
BEMICE>TTFRATIEREISDEIBHFELTVLE
W ZOREED—DIF, ERDREZEHR—MICHKS
FENBFEELTWERWI ETH D, BPHIE. MEYE
BE MIEIFRABREZMZRIRT D, IhS5ZHER
OEEFHIERY NT—INOEEZFMICANDTE
ICEDERIT B EIIRETHD. ZEELHRGIREE(L
EFR—MNDEBEICHER T ZIENTEDRIEEERD
BN H B,

EE, REZICHUTRENINE - EhT3Box
REZEH MIEOBRERPREZLOZHKSICRL
T IEFBMCDHROERIC K> THRATEDZENHSH
ICIE>TETWVWD, COEEF. HRICLBZATIRED
WD DHEBEICLSOTITONTWSZEEZRELT
W5, o, MIEORFEE(LSERDRETAZE. b
BOBERETHD. RABRREZZH—MICKIRETS
BEERZAEEEELTWS, ZITAAE T, M
FORBRZEM(MSYRIUTN—=LZEL) ICL>TR
BORBHE I EITV., TNEZTICREMMERS KPR ER

MREKSA © Bk [Esk Takuya SATO
RAMREE : EmkERZMREt Y 5 —
LREEDBEMEF —L

(FFER &ZFH)
ZHEZFHUIIERZEBEIDEEDIC. EREELD

T EBWTEDRIAETS>ZEEENET %,
REEF. AMVRATLAICBFRERTEEEA—T
VTF—Ih5MHTEIEEBRNELT, Precise2.0%
BHETDIRBRADNT VAU T N—LT—5EDET
ERMco INESDT—H I RERPKRRE KA R
TERBEUNEB O TVWDET—IEEATWD, BITD
BRELVTU RREENRONIVRIU T N—LT—%
NDEENKERINGA—=FITHZBDZEN DM, &
NIFBRADELRET —FICEVWTHFEIN WA
BTHO, ZEER. AREREOFENDLZVRERIIC
BV "IV RTUTN—LEMHIREZLOMRZRE
CRBULTED, Z0ZEZEAWNS I ETREMIEENL
NFHAgETH DI EZBEESMNC Uz, ZOWEEISIC
EREIEZHICF. REEREOMERZIDIRILS%A

FEOHENVDEERDEEZSND,

O[5EF K Oral Presentations

1 EBEES, ©FN /1 Xz AWK BT O
RO, BAYEZ R FUNFRAE, FL1E,2024
FIH

@R A5 —%3 Poster Presentations
1. Takuya Sato, Chikara Furusawa, Kunihiko Kaneko:*



Prediction of cross-fitness for adaptive evolution to

different environmental conditions: Consequence of

phenotypic dimensional reduction”, 21st International

Union for Pure and Applied Biophysics and 62nd
Biophysics Society of Japan, Kyoto, June (2024)

XXI-009 JE(ATEODREIC BT AN A I v 7 AEHTICEE D W2 DA EREE O il

Investigation for Progression Mechanism of Heart Failure Using Integrative Omics

Approaches to Inherited Cardiomyopathies

DRIV TIYIERBRINZOAEEHE OB
EEZLWD, ZONFREZIENE UERIEKRIEE
FEURW, BREETILERDERMEDEICHITZHEE
GEEN7 7O0—F &, DFOIEEA THZYILAXT
EAZI1—RI2ERTOEENDHMAE BN
BWEBZZESEIHMEERESHIC U, ULMULEA S,
DAREDFEBEZNAE TH D OHMIEEAL JUHEE
BRI DAN =X LIGRERETH Do RAR TIIZE
Ay I XBIFICEDDALZER T 2EFZLRIT
HICERL, TONFREICEVWTAIRY—XERBHT
ZEEBIE U, BEBERFEOYILAXTEEREFHIR
ROEICEGRREBERRHEZ|IERII I &ITERL.
AR R E AR TR R E T 271y V2 B EET
ILDDBICE W THRERBRNIC—lIIERNAY —T VX
BLOTEYT/LBFTETS &I KD DFHBBOZEIC
B30 F/INRY 1 ZRENICAE T 2 O0A2RED
BIEEMHD FREMEZRMUIC, S5IC. REDHEE
BT ZENICTSCE2BMNE LI EYYE Y TR
MEREETILDICEWTITW, BB /91 TDE
SEBEZHREE NS VRV T N—LBEREBHED
Y TCAZIY IV RBINETRoTco 2024 FEEIFLITDEER
BLUOBRERETH O,
OOBHEETINETZ 70y valc&IF20EHE

RYEVITBTICELD, BERENGEHEURE

DREEIT T2,

AREEKSE - & TKX Ryota TERAMOTO
RAMRE | EmERZERREY Y —
ISR/ LB F — L
(FFER MiE &a)
QUBEETINE T Z74valcB 2D Y
JLEJLRNA BT 24T\, DB OB M. ODEH
DR, RESFMEICENRZNERICERENE
BN TFTEREL,
QOULBHEETIETZ70valcBF2 0707
FA—L@EMZEBL. DHEEICEITZY VIO ZE
Bz,

@5 _EF % Publications

(RZEFSO

1.Cui S, Hayashi K, Kobayashi I, Hosomichi K,
Nomura A, Teramoto R, Usuda K, Okada H, Deng Y,
Kobayashi-Sun J, Nishikawa T, Furusho H, Saito T,
Hirase H, Ohta K, Fujimoto M, Horita Y, Kusayama
T, Tsuda T, Tada H, Kato T, Usui S, Sakata K, Fujino
N, Tajima A, Yamagishi M, and Takamura M.: “The
utility of zebrafish cardiac arrhythmia model to
predict the pathogenicity of KCNQI variants”, ] Mol
Cell Cardiol.177 50-61(2023)*

O[15EF XK Oral Presentations

(Fx

LEFEARATK: “BRFEOCHEICE T2 O0MEEEE
D", B7IEHADBREZSZMES, R, 98
(2023)



XXI-010  Using Pooled Cell Libraries to Associate Genetic Variance with

Responses to Stimulus

Name: Steven Matthew HEATON
Host Laboratory : Genome Immunobiology RIKEN Hakubi Research Team
RIKEN Center for Integrative Medical Sciences
Laboratory Head : Nicholas E PARRISH

Genetic variation between populations, individuals,
and individual cells results in differential stimulus
responses, complicating the analysis and prediction
of stimulus phenotypes at all scales. This research
developed a novel donor pooling and sequencing
technology for associating individual cellular responses
with the genotypes of their respective donors. This
enables high-resolution, massively multiplexed analysis
of genotype-phenotype relationships.

To understand the genetic basis for differential stimulus
responses in humans, cell libraries representing an
inclusive cross-section of humanity were pooled from
over 400 male and female cell donors (Europeans,
Africans, Chinese, and Japanese) and exposed to
various stimuli (e.g., anti-cancer drugs, SARS-CoV-2
viral gene expression, chronic EBV/HHV-4 infection
and reactivation from latency, or immune receptor
agonists). Cells were sequenced by gene-targeted or
single-cell RNAseq, then analyzed using biochemical
techniques and bioinformatic tools and pipelines
developed in this research. This technology harnesses
naturally occurring patterns of genetic recombination
as a “native genetic barcode” to reliably deconvolute
the stimulus-dependent biological signals from each
cell and donor-of-origin represented in the pool. The
performance of this technology was validated using
multiple independent techniques involving donor-
and sex-specific genetic markers, as well as stimulus-
dependent phenotypes with known genetic associations.
Our data reveal donor-specific, sex-specific, and
ancestry-specific responses to these stimuli and patterns
in immunoglobulin gene expression. Briefly, numerous
genetic variants in thiopurine methyltransferase
(TPMT), nudix hydrolase 15 (NUDT15), and inosine
triphosphate pyrophosphohydrolase (ITPA) genes
reportedly associated with thiopurine-based anti-
cancer drug toxicity were confirmed or refuted. Dozens

of IncRNAs strongly associated with EBV reactivation
from latency were identified, as well as extensive
remodeling of biochemical and immune signaling
pathways of host cells. Certain immunoglobulin
genes, interferon-stimulated genes (ISGs), and
immune chemokines show sex- or ancestry-dependent
differences in expression before and after Toll-like
receptor stimulation, which may partly explain globally
observed differences in responses to infection and
treatment. The mechanism of SARS-CoV-2 ORF3a-
induced pathology was clarified, revealing a novel
role for ORF3a as a virulence factor and potentially
explaining in part why males are at considerably higher
risk than females of developing severe COVID and
COVID-related mortality. GWAS and eQTL mapping
analysis may accelerate future drug and disease
mechanism discovery. Our results underscore the need
for detailed stratification of responses to infection
and immune-modulating stimuli, which may inform
the design and dosing of adjuvants, drugs, or other
therapeutics. Implementing our technology requires
neither genetic modification of samples nor specialized
equipment outside of standard cell culture items, RNA
sequencing facilities, and a desktop computer. This
technology may enable virtually any laboratory to
dissect genotype-dependent responses to their stimulus
of interest at the population, individual, or single-cell
level.

During these final three months of the SPDR research
program, our results were combined with additional
analysis and compiled for publication.

@ Oral Presentations

Seminar

1. Heaton, S.M.: “One Journey with Viruses’, Researcher
Discovery Evening, Wako, Japan 2024, June 2



XXI-011

Investigating the Neural and Behavioral Mechanisms of Motor Skill

Learning with Robotic Assistance, Passive Movement, and the Sense

of Agency

Name: Ethan OBLAK

Host Laboratory : Laboratory for Human Cognition and Learning

We rarely learn a brand-new motor skill: humans have
a remarkable ability to adapt previously learned skills
to new tasks and circumstances. Intermanual transfer
is a well-studied example of such adaptation, in which
skills learned with one hand can be reproduced with the
other hand more easily than untrained skills. In the lab,
intermanual transfer provides an imperfect view of how
skill transfer occurs in daily life. These experiments
typically maintain key visuospatial or numerical cues
across hands that indicate to participants that the task
is one that has been previously learned. For example,
the task may use the number ‘1’ to cue movements of
the thumb and ‘5 the little finger. When participants
perform the task with the untrained hand, this cue-
action familiarity undoubtedly enhances the observed
transfer. Many argue that without familiarity, complex
movements such as long sequences of presses cannot be
recalled; instead, transfer will result only from learning
of low-level features such as sequential pairs of finger
presses. In the present work, we investigated whether
sequence-specific learning can occur without cue-
action familiarity. The experiment (N=40) began with
two days of 9-button sequence learning with the right
hand, followed by a transfer test on day 3 with the left
hand. Five sequences were learned, and then the five

RIKEN Center for Brain Science
Laboratory Head . Kazuhisa SHIBATA

mirrors of these sequences were tested alongside five
novel sequences. Sequences were mirrored such that the
numerical cues were no longer familiar. An extensive
post-experiment questionnaire was administered
to assess whether participants were aware of the
sequence mirroring, with N=9 displaying conscious
awareness of the manipulation. Surprisingly, a linear
mixed effects model showed no significant interaction
between awareness and sequence type, and participants
were significantly faster at the mirrors than novel
sequences, regardless of awareness. A further model
was constructed to determine whether this transfer
effect was sequence-specific or limited to lower-level
finger pair transitions. The best-fit model predicted
participants’ Day3 performance using their individual
Day2 (right hand) performance on a sequence-by-
sequence basis. Models using the average Day2 sequence
performance across all participants as a predictor
resulted in a worse fit, and additional models mapping
finger pair practice on Day2 to Day3 did not result
in significant fits. Overall, our results provide strong
evidence for sequence-specific transfer in the absence of
cue familiarity, rejecting the common hypothesis that
only low-level motor features are transferred without
familiarity.

XXI-012  Multi-modal Image Processing and Data Fusion for Collaborative

Brain Image Analysis

Name: Matthias Wilfried SCHLACHTER
Host Laboratory : Brain Image Analysis Unit
Integrative Computational Brain Science Collaboration Division
RIKEN Center for Brain Science
Laboratory Head : Henrik SKIBBE

This research aimed to enhance brain image analysis by
developing a collaborative web platform and applying
state-of-the-art computational methods. The platform,
based on Nora-Image (https://nora-imaging.com/),
integrates artificial intelligence (AI) to enable users
from diverse disciplines to create dynamic processing
pipelines that are tailored to their specific datasets. By
incorporating user feedback, the platform continuously

improves, providing a robust environment for analyzing
complex imaging data such as MRI scans and neuronal
tracer datasets. Key functionalities include data
sharing, annotation of ground truth data for training
machine learning models, and tools for comparing Al
model outputs with expert annotations, facilitating
collaboration across research groups.

The research addressed the analysis and integration of



experimental brain data from multiple species, focusing
on aligning datasets with standardized brain templates
for accurate mapping and comparison. Pre-processing,
registration, and integration workflows ensured data
compatibility with computational tools. Advanced
techniques for segmentation, cell detection, and neuron
reconstruction were employed to uncover detailed
insights into neural structures. Machine learning
models, including convolutional networks for 3D
imaging and graph neural networks for reconstructing
neuronal connections, were explored to handle the
complexities of brain imaging data.

While many methodologies showed promise, challenges
such as adapting AI models to real-world segmented
data highlighted limitations. Issues like differences in

spatial resolution and alignment across datasets were
identified as potential barriers, underscoring the need
for further investigation and model refinement.

This work highlights the potential of collaborative
platforms and AI-driven methodologies in advancing
brain research while emphasizing the need for further
refinement to address existing challenges. Despite
successes in integrating and analyzing brain data,
challenges such as transferring AT models to real-world
data highlight the need for continued refinement. This
work underscores the importance of collaborative
platforms and innovative computational tools in
fostering cross-disciplinary research, paving the way for
future advances in neuroscience.

XXI-013  Towards twisted light devices with single-walled carbon nanotubes

Name: Chee Fai FONG

Host Laboratory : Nanoscale Quantum Photonics Laboratory

Low dimensional materials, such as 1-dimensional (1D)
carbon nanotubes, as well as 2-dimensional (2D) van
der Waals layered crystals, including hexagonal boron
nitride (hBN) and transition metal dichalcogenides
(TMDCs), are at the forefront of scientific research due
to their remarkable optical and electronic properties.
In particular, when thinned down to a single layer with
atomic thickness i.e., a monolayer, semiconducting
TMDCs possess a direct bandgap. As a result, these
TMDCs exhibit bright optical emission which is
governed by their exciton (coulomb-bound electron-
hole pair) responses even up to room temperature due to
the large exciton binding energies of hundreds of meV.
Many 2D materials exhibit large optical nonlinearities.
The integration of two-dimensional (2D) materials
with diverse target substrates, including nanophotonic
architectures, offers a promising avenue to manipulate
light-matter coupling, thereby facilitating the realization
of high-performance hybrid devices such as lasers,
nonlinear sources, and quantum emitters. However,
the potential of 2D materials for dielectric environment
engineering in hybrid nanophotonic devices is still
largely unexplored. By employing 2D materials to
manipulate the local dielectric environment, we
demonstrate self-aligned hybrid nanocavities in which
2D material flakes are used to form the cavities locally
at wherever they are placed along the PhC waveguides
post-fabrication. We successfully fabricated such hybrid
nanocavity devices with hBN, WSe, and MoTe, flakes on
silicon PhC waveguides, obtaining Q factors as high as

RIKEN Cluster for Pioneering Research
Laboratory Head : Yuichiro KATO

4.0x10°. Remarkably, even monolayer flakes can provide
sufficient local refractive index modulation to induce
high Q nanocavity formation. We have also managed
to observe cavity PL enhancement in a self-aligned
MoTe, cavity device, with a cavity Purcell enhancement
factor of about 15. Our results demonstrate the utility
of 2D materials for dielectric environment engineering
to create functional hybrid devices, with potential
applications in hybrid integrated photonic circuits.

@ Publications

Papers

1. C. F. Fong, D. Yamashita, N. Fang, S. Fujii, Y.-R. Chang,
T. Taniguchi, K. Watanabe, Y. K. Kato, “Self-Aligned
Hybrid Nanocavities Using Atomically Thin Materials,”
ACS Photonics 11, 2247 (2024).

2.Y.-L. Ho, C. F. Fong, Y.-J. Wu, K. Konishi, C.-Z. Deng, .-
H. Fu, Y. K. Kato, K. Tsukagoshi, V. Tung, C.-W. Chen,
“Finite-area membrane metasurfaces for enhancing
light-matter coupling in monolayer transition metal
dichalcogenides,” ACS Nano 18, 24173 (2024).

3.N. Fang, Y. R. Chang, S. Fujii, D. Yamashita, M.
Maruyama, Y. Gao, C. F. Fong, D. Kozawa, K. Otsuka,
K. Nagashio, S. Okada, Y. K. Kato, “Room-temperature
quantum emission from interface excitons in mixed-
dimensional heterostructures,” Nature Commun. 15,
2871 (2024).

4.S. Fujii, N. Fang, D. Yamashita, D. Kozawa, C. F.
Fong, Y. K. Kato, “van der Waals decoration of ultra-
high-Q silica microcavities for x*-x’ hybrid nonlinear



photonics,” Nano Lett. 24, 4209 (2024).

@ Poster Presentations

1. C. F. Fong, D. Yamashita, N. Fang, S. Fujii, Y.-R. Chang,
T. Taniguchi, K. Watanabe, Y. K. Kato, “Demonstration
of hybrid photonic crystal nanocavity using atomically
thin van der Waals flakes,” META 2024, the 14th
International Conference on Metamaterials, Photonic

Crystals and Plasmonics, Toyama, Japan (July 16 2024).
2.C. F. Fong, D. Yamashita, N. Fang, S. Fujii, Y.-
R. Chang, T. Taniguchi, K. Watanabe, Y. K. Kato,
"Dielectric environment engineering with 2D
materials for hybrid nanocavities”, Fundamental
Optical Processes in Semiconductors (FOPS) 2024,
Newfoundland, Canada (July 25, 2024).
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Development of Very Large Wolter Mirrors and Their Applications to X-ray Microscopes

and Telescopes
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@[5 X Oral Presentations

1. Yamaguchi G., Yamada J., Shioi K., Osaka T., Inoue L,
Inubushi Y., Kameshima T., Yamauchi K. and Yabashi
M.: “Single-shot high-resolution in-line holography
with XFEL”, XOPT 2024 (International Conference
on X-ray Optics and Application), Yokohama, Japan,
April (2024)

@R XY —HFE Poster Presentations

1. Yamaguchi G., Yamada J., Shioi K., Osaka T., Inoue I.,
Inubushi Y., Kameshima T., Yamauchi K. and Yabashi
M.: “High-resolution single-shot in-line holography
with XFEL", XRM 2024 (16th International
Conference on X-Ray Microscopy), Lund, Sweden,
August (2024)
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XX11-001 s-AZEHOAKE bE—WEEO T EZDIH

Homotopical characterization of the s-invariant and its applications.
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@:5 LR Publications

1. Taketo Sano:“Involutive Khovanov homology
and equivariant knots”, Algebraic and Geometric
Topology (CEERF7E (2024F12B5256) .

2.Taketo Sano, Kouki Sato:"A family of slice-torus
invariants from the divisibility of reduced Lee
classes”, Topology and its Applications, Vol. 357,
109059 (2024).

O@[15EH X Oral Presentations

1.Taketo Sano:*Khovanov homology and its
applications to low-dimensional topology”, Saga-
Gakushuin Topology Seminar, Gakushuin U., Tokyo,
Japan. Dec 2024.

2.Taketo Sano:“Involutive Khovanov homology and
equivariant knots”, Extended KOOK Seminar 2024,
Himeji-shi, Hyougo, Japan. Aug 2024.

3.Taketo Sano:*Khovanov Homology and Its
Application to Low-Dimensional Topology” at Korea
Advanced Institute of Science and Technology
(KAIST), Daejeon, South Korea. Jul 2024.

4.Taketo Sano:*Khovanov Homology and Its
Application to Low-Dimensional Topology” at the
Okinawa Institute of Science and Technology (OIST),
Okinawa, Japan. Jun 2024.

5. Taketo Sano:“Involutive Khovanov homology and
equivariant knots”, Georgia Topology Summer School
and Conference, Georgia U., Atlanta, USA. May 2024.

6. Taketo Sano:“Involutive Khovanov homology and
equivariant knots”, Differential Topology Seminar
'24, Tsukuba U., Ibaraki, Japan. Mar 2024.

@RAY—F&K Poster Presentations

1. Taketo Sano:“Involutive Khovanov homology and
equivariant knots”, iITHEMS NOW & NEXT, RIKEN,
Saitama, Japan. Mar 2024.



XXII-002 Optimal Transport and Euclidean Quantum Gravity

Name: Christy Koji KELLY
Host Laboratory : Interdisciplinary Mathematical Sciences Program

Whilst constructive approaches to Euclidean quantum
gravity work for spacetime dimensions D=2, in the
sense that an interesting nontrivial theory—-in the
form of Liouville theory—-is naturally a description
of Euclidean quantum spacetime in such dimensions,
it has long been known that similar methods lead
to pathologies in higher dimensions. An earlier
mathematical result by the author indicated that this
pathology could be avoided if instead of regularising
the continuum manifold geometry by a piecewise
linear structure, one instead took the perspective
that Riemannian manifolds are a special class of
well-behaved metric-measure space. The focus of my
recent research has been to give physical substance
to this technical mathematical result: why should a
different way of ‘discretising’ a manifold give different
physical results about the nature of the quantum
state. It turns out that this is because a different
choice of regularisation involves a different topology
on the space of rough spacetime geometries and that
this topology subtly encodes important physical
information such as the degree of localisability
of curvature (naively from our experience with
mathematical quantum field theory we expect
curvature, as a manifestation of gravitational self-
energy, to lead to quantum fluctuations that become
singular as we try to localise the curvature at a point),
or the nature of symmetries for quantum spacetime
geometries. While a careful study of the triangulations
case would also reveal these pathologies, the metric-

RIKEN Interdisciplinary Theoretical and
Mathematical Sciences Program
Laboratory Head : Tetsuo HATSUDA

measure space regularisation makes this much more
apparent due to the subtlety of the stability theory
of the simplest available notion of rough curvature
(Ollivier curvature) in this context. The key point
is that these quantum fluctuations associated with
gravitational self-energy suppress baby universe
nucleation and so avoid the basic pathology associated
with higher-dimensional constructive Euclidean
quantum gravity.

@ Oral Presentations

1. Kelly, Christy, A Selective Survey of Ideas, Tools and
Results in Constructive Field Theory. iITHEMS Math-
Physics Seminar, RIKEN, Wako, February 2024.

2.Kelly, Christy, A Selective Survey of Ideas, Tools and
Results in Constructive Field Theory II. iTHEMS Math-
Physics Seminar, RIKEN, Wako, April 2024.

Conferences

1. Kelly, Christy, Baby Universes and Branching Singularities
in Euclidean Quantum Gravity, NCTS-iTHEMS Joint
Workshop on Matter to Spacetime: Symmetries and
Geometry, NCTS, Taipei, August 2024.

@ Poster Presentations

Conferences

1. Kelly, Christy, Baby Universes and Branching Singularities
in Euclidean Quantum Gravity, Quantum Extreme
Universe: Matter, Information and Symmetries, OIST,
Okinawa, October 2024.

XXI1-003 LG MEGRDORERR & 2T O BEANIZE

Mathematical study of construction and deformation of conformal field theory
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@i FH 3K Publications

1. Consistency of operator product expansions of
Boundary 2d CFT and Swiss-cheese operad,
arXiv:2410.02648.

2.(with M-S. Adamo and Y. Tanimoto) Osterwalder-
Schrader axioms for unitary full vertex operator
algebras, arXiv:2407.18222.

O[IEEF K Oral Presentations

1. Consistency of 2d Conformal field theory with
boundary and Swiss-cheese operad, Nagoya Math-
Phys seminar, Oct 4.

2.Operator product expansion and spacetime operad,
KEK, Sep 10.

3. Algebraic structure of space-time geometry and
operator product expansion, NCTS-iTHEMS Joint
Workshop on Matters to Spacetime: Symmetries and
Geometry, Taiwan, Aug 26-30.

4.Introduction to QFT, Factorization algebra and
related topic, Shizuoka, Aug 12-14.

5.Conformal blocks of vertex operator algebra and
parenthesized braid operad, AMS-UMI international
Joint Meeting, July 23-26, 2024.

6. Conformal block, braided operad and factorization,
Erlangen university, mathematical physics seminar,
June 6.

7. Braided tensor category and vertex operator algebra
with examples, Ningbo university, March 8.

8.Conformal block, braided multicategory and
factorization, Topics on mathematical structures in
string theory, Komaba, Feb 8-9.
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Self-Organization and Multiscale Hierarchical Structure of Large-Scale Cloud Cluster under

Idealized Climate Conditions
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@z L H 3K Publications
(ZDfth)

1. Yanase, T., Shima, S., Nishizawa, S., & Tomita, H.:
“Nonlocally coupled moisture model for convective
self-aggregation”. arXiv preprint arXiv:2404.04146.
doi:10.48550/arXiv.2404.04146 (2024)
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Classification of Harmonic g-exponential Families on Homogeneous Spaces
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Study of Nuclear Short-Range Correlation by Beyond Mean-Field Theory
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Its Phenomenological Implications In Relativistic Heavy-ion Collisions

Name: Manu KURIAN
Host Laboratory : Theory Group

Relativistic heavy-ion collisions at at the Relativistic
Heavy Ion Collider (RHIC) in the United States and
the Large Hadron Collider (LHC) in Europe provide
opportunity to study the strongly interacting Quark-
Gluon Plasma (QGP) under extreme conditions.
Heavy quarks, such as charm and bottom quarks, are
valuable tools for understanding the properties of the
QGP. To understand the heavy quark dynamics in the
collision experiments, it is essential to calculate their
interactions in a more realistic, evolving strongly
interacting medium by using the decent developments
in relativistic hydrodynamic simulations to account
for the QGP's dynamic nature. Additionally, non-
central heavy-ion collisions are believed to generate
extremely strong magnetic fields. However, theoretical
studies have not systematically included the effects of
these magnetic fields and the QGP's viscosity on heavy
quark observables. In FY2024, my research addressed
two key aspects of these challenges.

In the first work (2403.13160), we tried to explore the
evolution and lifetime of the magnetic field created in
the initial stages of heavy-ion collisions. We conducted
the theoretical formulation of magnetohydrodynamics
in the context of relativistic heavy-ion collisions. We
focused on developing a realistic stable second-order
dissipative magnetohydrodynamics by deriving these
equations with an improved collisional term that
takes account the interactions in the medium from an
effective kinetic theory.

In the second project (2409.15038), we studied the
pre-equilibrium dynamics of the heavy quarks in
the context of heavy-ion collisions. We studied the
charm quark transport while including its energy loss
in both pre-equilibrium and hydrodynamic stages
of the evolution. The sensitivity of the heavy meson
nuclear modification factor and flow coefficient to the
early stage of heavy-ion collisions and bulk medium
evolution is analyzed for Pb+Pb collisions at 5.02
TeV. Our study provides insights into the interaction
strength of charm quarks during the early phase and
within the quark-gluon plasma.

In addition to that, I explored effects of collisional

RIKEN BNL Research Center,
RIKEN Nishina Center for Accelerator-Based Science
Laboratory Head : Yoshitaka HATTA

processes in the hot QCD medium to thermal dilepton
production. The analysis has been done by employing
a quasiparticle model for the thermal QCD medium
which incorporates the realistic equation of state. We
have shown that the collisional corrections have a
significant impact on the thermal dilepton spectra.
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Unraveling the Very Early Stage of Star and Planet Formation with the Aid of Molecular

Distributions and Machine Learning
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Name: Martha Liliana CORTES SUA
Host Laboratory : Radioactive Isotope Physics Group

This project intends to develop a new experimental
technique to measure for the first time in a
simultaneous way the electric dipole and quadrupole
response of exotic nuclei. Such measurement will
increase our knowledge on the forces driving
shell evolution and give us insight in the r-process
nucleosynthesis. For this, we have designed a new
setup based on Cerium-doped Aluminum-Gallium
Garnet (GAGG).

During the last year, we finalized the characterization
of 20 samples of GAGG coupled to Silicon
Photomultipliers. We measured the energy and time
resolution of each sample using standard calibration
sources in the laboratory. Furthermore, we tested
the response of the detectors at high energies in
two ways: First using an Am-Be source which can
produce gamma rays of 4.4 MeV. Second, we used the
Pelletron tandem accelerator to induce (p,gamma)
reactions in an Al target and produce gamma rays of
up to 10 MeV.

In addition, two clusters, composed of four GAGG
samples each, were mounted as replacements of the
existing DALI2+ detectors and tested under real
experimental conditions. The Doppler-corrected
spectrum showed promising results and marks the
success of an important milestone of the project. The
detailed analysis of the data from this experiment is
still ongoing.

Two experiments aiming to measure the quadrupole
responses of Ca and Ni isotopes have been approved
by the RIKEN Nishina Center Program Advisory
Committee (PAC) with the highest priority and
we expect it to run within this year. For these
experiments we plan to use more clusters of GAGG
detectors as a replacement of DALI2. A large
international collaboration has been formed around
this project and thanks to their support we expect to
have about 80 samples of GAGG available within this
year.

RIKEN Nishina Center for Accelerator-Based Science
Laboratory Head . Hiroyoshi SAKURAI
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Name: Ross Alexander BURNS

Host Laboratory : Star and Planet Formation Laboratory

My research focuses on the formation of high-mass
stars. These are stars which are more than 8 times
the mass of the Sun. While they only constitute less
than 1% of the stellar population they are far more
impactful than low mass stars in terms of the kinds
of atoms they can produce and their energetic output,
via both strong ionising radiation fields and powerful
protostellar outflows. While low mass star formation
is reasonably well understood, the formation of high-
mass stars remains unclear, despite their importance
to the energy budget of astronomical environments
and the formation of Life in the Universe. The
main puzzles which remain are, how do high-mass
protostars (the stage before the star is fully formed)
grow (a process termed ‘accretion’) and how is their
angular momentum dissipated. Theoretically, episodes
of accretion via an accretion disk provides a viable
pathway for high-mass protostars to form, however
these theories lack observational confirmation. My
research focuses on providing the observational
tests of these theoretical aspects of high-mass star
formation. My approach is to use radio frequency
astronomical observations, focusing on maser
emission, to monitor and image the accretion disks
and outflows of high-mass protostars. In doing so,
I have identified observational evidence of episodic
disk accretion in a high-mass protostar (my work
was the first confirmation of episodic disk accretion
in a high-mass protostar, leading to two publications
in Nature Astronomy). Now I focus on searching
for more examples of accretion bursts in high-mass
protostars to test if our recent findings are ubiquitous,
unique, or one component in a variety of accretion
mechanisms. To achieve this, I lead an international
research collaboration called the Maser Monitoring
Organisation (M20O). Our goal is to identify and
investigate accretion bursts in high-mass stars by
monitoring the methanol maser emission flares which
are a signpost of accretion bursts. The M20O now has
over 100 member astronomers and utilises telescopes
from all over the world in cooperation so that each
event can be observed in a multitude of wavelengths.
Much of my work involves organising the team and
ensuring that the collaboration operates smoothly.
We have recently added several new telescopes to our
repertoire of observational facilities, including the
Allen Telescope Array in the USA, a geodesy station
in Portugal, and an interferometer in Latvia. We now

RIKEN Cluster for Pioneering Research
Laboratory Head : Nami SAKAI

have 14 radio telescopes monitoring maser emission
in addition to accepted observation proposals on
many world class imaging telescopes such as ALMA,
JWST, JCMT, SMA, and all of the major very long
baseline interferometry (VLBI) arrays presently
available. We have published more than 25 papers
since 2017 when the M20O was established. I also
lead the Interferometer for Variable Astronomical
Radio Sources (IVARS) project which uses two
refurbished radio telescopes in Latvia to conduct
high-cadence (~weekly) monitor of the maser line and
radio continuum emission in a sample of high-mass
protostars, with the goal of monitoring how these
emission processes vary during and following an
accretion burst.
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Role of Mergers in Evolution of Galaxies and Supermassive Black Holes Revealed
with Ultrahigh-spatial-resolution Infrared and Multiwavelength Observations
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Search for UHECR sources considering the deflection by the galactic magnetic field
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Electronic transport measurements are an
indispensable tool for probing the fundamental nature
of quantum materials. For example, in recent years, the
fundamental symmetry properties and unique dynamic
behaviours of quantum materials have been probed by
nonlinear transport phenomena - where the Ohm’s
law of conduction breaks down. Moreover, exotic
phenomena such as quasi-ballistic and hydrodynamic
electron transport have been observed. However, for
bulky single crystal materials, these nonlinear voltage
signals can be rather small, and thus difficult to
measure. Alternatively, while these signals can be larger
in thin-film devices, which naturally have small cross
sections, the material quality is typically inferior.

In our recent works, we have exploited focused ion
beam (FIB) methods to fabricate microscale devices
from high quality single crystal samples. With such
a milling procedure, it is possible to microstructure
a slab of the material on the sub-micrometer scale,
thus producing devices with geometries which greatly
enhance the nonlinear signals, to where they can easily
be detected by lock-in measurements.

Our first target was the current-induced motion
of magnetic skyrmions - nanoscale whirls of
magnetisation which are topologically protected. In
a metallic skyrmion-host, the conduction electrons
couple to the winding, noncoplanar spin texture, and

RIKEN Center for Emergent Matter Science
Laboratory Head : Yoshinori TOKURA

this gives rise to remarkable quantum phenomena.
Under an applied current, the electrons are deflected
as they experience an emergent magnetic field while
traversing the skyrmion lattice, giving rise to an
additional transverse voltage known as the topological
Hall effect. Above a certain current threshold, the
magnetic skyrmions may depin from the underlying
crystal lattice and begin to slide under the electron
flow. This gives rise to an emergent electric field which
opposes the initial transverse topological Hall voltage.
The resulting emergent electrodynamics are dictated
by the relative velocity of the conduction electrons and
sliding magnetic skyrmions.

Classically, once the skyrmions totally depin from
the atomic lattice, they should reach the conduction
electron drift velocity, and thus the topological Hall
effect would be completely cancelled. However, in a
real multiband quantum material, such a cancellation
is not guaranteed - the drift velocity of the conduction
electrons is poorly defined, and in reality each electron
band will exhibit a different momentum shift.

In our experiment, we utilised the FIB method to
fabricate a microscale Hall bar device from a single
crystal of the skyrmion host Gd,PdSi; [1]. This
allows for larger current densities to be applied, and
increases the topological Hal effect signal. In the
measurements, we detected the dynamic transition



of the skyrmion lattice motion from the pinned to
creep and flow regimes, and observed the cancellation
of the topological Hall effect. Our theoretical work
proposes a possible mechanism behind this apparent
emergent Galilean relativity. Typically the momentum
shift of each conduction electron band is determined
by the band-dependent relaxation time, and the whole
electron distribution shifts to balance these dissipative
effects. However, we argue that in the regime where the
electron mean free path is larger than the skyrmion
size, the skyrmion motion itself may dictate the
momentum shift and thus act as a pacemaker for the
conduction electrons.

In future projects, we shall apply this FIB fabrication
method to study a multitude of quantum phenomena.
For example, a similar experiment to that described
above can be performed to study the sliding motion of
charge density waves. Moreover, FIB fabrication allows
for careful placement of contacts along symmetry axes
of quantum materials, allowing detailed anisotropic
transport measurements to be performed and probe
underlying symmetry breaking effects. Finally, we
recently developed the possibility to sculpt the single
crystalline materials into three dimensional shapes,
unlocking the potential for studying geometry-
dependent transport effects in high-mobility quantum
materials with long mean free paths.
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Superconducting Quantum Interface Circuits For Control To Quantum Processors
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Topological Phases on Geometrically Frustrated Lattices

ATARFPNZALBFREDTZAN —MMEFE
IFIEN2@EZRH DOV ON DBMEEFRIATIE. EFR
EyikiEiae, MROYAIVICIEERRERREYCERN
FRIENNSNTWND, IEFTIE, 77X —MMEFZ
EDOEEEFREBEAICHAR N, Z<OMRATAIL
BFEEVCHRIBENERRINTED. ZOLSBIEF
BERFRFUWNROI AR EZIRRT DT Tv T+ —
LCTRBEZEZLNT WD, TITAMATIH. 77Xk
L — KM &FD—27T%H % Shastry-Sutherland & FIc &
BUlc, CORFBERBMERBAEUTIAREINT
ERETIVEN BEEBFRICOVWTOMFEFEENIFE
EATESY, DR FEELBRENICERS YL
BIDUEEENH D, EICZDRFOIIRENSHFIN
% Dzyaloshinskii-Moriya 18 E/EFB IFIEH IR BH S
BiEzblodHREN S FHNBHIEEEZN
ICLDFHEBEERKDAFTTE D, AFEIF. HLEE
TEE&IC &£ Shastry-Sutherland RFEESTYWETH S
Gd2Cuzln & Dy2Cuzln BiEGRDERLZTTUL. ik &R—
IMEEROFMGRERTECHIBREEZ AN, 2
DFER. BMABEMERICMZ T, FERRHESEEN

RERXSE : M BRF Hinako MURAYAMA
RAMRE : BIRYERZENEEY 5 —
BRI IL—T
(FRER 2 i)

HIRULTWSHREENRERE N, SRIBFLETRD
L3R ik T DS X #REXELIC LD BB EZ R E L.
CORFBERFBOHEMEEEEIRREERT Do
BENCOEREERF BFR—THERCYSEREBG
B{ENd2xCexCuOa (x = 0.15, 0.125) ¥ Pr2xCe,CuOa
(x = 0.15) DEFERARDEREITL. EA T TOHEE
AE. ACBLRIE, A tERWBERTZT o1,
ZORER. HEBTROBRICI>TBEEHEBERED
EOEREUD 2L EBD DD ofc, SRISERE
EHIC FLERTRDVEFREICEZDZEZERT 5.

@55 £33 Publications

(REFwmX)

1.R. Namba, K. Imamura, R. Ishioka, K. Ishihara,
T. Miyamoto, H. Okamoto, Y. Shimizu, Y. Saito,
Y. Agarmani, M. Lang, H. Murayama, Y. Xing, S.
Suetsugu, Y. Kasahara, Y. Matsuda, K. Hashimoto,
and T. Shibauchi, Two-step growth of high-quality
single crystals of the Kitaev magnet a—RuCls, Phys.
Rev. Materials 8, 074404 (2024).*



XXI-016 i Isfl A it 268 U 7 AL O
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Energy Conversion Devices Using Molecular Twisting
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Ferroelectric nematic materials: from scientific deepening and new developments
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1.Kikuchi H.,Nishikawa H.,Matsukizono H.,Iino
S.,Sugiyama T.,Ishioka T. and Okumura Y.:
“Ferroelectric smectic C liquid crystal phase with
spontaneous polarization in the direction of the
director” Adv.Sci., 11 2409827 (2024)*

2. Yamaguchi M.,Okumura Y.,Nishikawa H.,Matsukizono
H. and Kikuchi H.: “Memorizable electro-birefringence
effect exhibited by transparent liquid crystal/polymer
composite materials” Adv.Electron.Mater., 10, 2400055
(2024)*

3.Nishikawa H.,Okada D.,Kwaria D.,Nihonyanagi
A.,Kuwayama M.,Hoshino M. and Araoka F.:
“Emergent ferroelectric nematic and heliconical
ferroelectric nematic states in an achiral “straight”
polar rod mesogen” Adv.Sci., 11 2405718 (2024)"

4.Mathé M.,Nishikawa H.,Araoka F.,Jdkli A. and
Salamon P.: “Electrically activated ferroelectric
nematic microrobots” Nat.Commun., 15 6928 (2024)*

5.0kada D., Nishikawa H. and Araoka F.: “Tunable
intracavity coherent up-conversion with giant
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1. Nishikawa H., Okada D., Kwaria D., Nihonyanagi
A. and Araoka F.: “Observation of heliconical
ferroelectric nematic phase in straight polar rod
mesogens”, 10th Japanese-Italian Workshop on
Liquid Crystals (JILCW2024), Miyazaki,Japan, Sep.
(2024)

2.Nishikawa H., Kwaria D., Nihonyanagi A. and
Araoka F.: “Mechanochemical-assisted screening of
ferroelectric fluid molecules”, 29th International Liquid
Crystal Conference (ILCC 2024), Rio de Janeiro,Brazil,
Jul. (2024)

3.H. Nishikawa H.: “Ferroelecrtric fluid synthesis
factory: Ferroelectric-nematic, -smectic, -heliconical
nematic, -helielectric smectic etc.”, Workshop on
Ferroelectric Nematic Liquid Crystals, Ljubljana,
Slovenia, May (2024)

4. Nishikawa H., Okada D., Kwaria D., Nihonyanagi A.,
Kuwayama M. and Araoka F.: “Emergent heliconical
ferroelectric nematic phase in a "straight” and "rigid"
polar rod mesogen”, 2024 Japanese Liquid Crystal
Conference, Toyama University (Gofuku campus) ,
Japan, Sep. (2023)
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Name: Chentao WEN
Host Laboratory : Laboratory for Developmental Dynamics

Overview: Recent imaging technologies have
enabled scientists to record whole-brain activity at
single-neuron resolution. However, analyzing such
comprehensive data in a quantitative manner remains
challenging. This study aims to understand whole-
brain activity in the nematode C. elegans by accurately
extracting neuronal activity and identifying
individual neurons. Additionally, it seeks to estimate
dynamic, directional influences among neurons. This
approach will help reveal cascades of neuronal activity
that are critical to various brain functions, such as
sensory processing, decision-making, and motor
control, among others.

From 2022 to 2023, I developed a pipeline to analyze

RIKEN Center for Biosystems Dynamics Research
Laboratory Head : Shuichi ONAMI

cascades from whole-brain activity. I also enhanced
my cell tracking method, 3DeeCellTracker, to
improve cell segmentation and tracking accuracy,
particularly when faced with poor image quality and
large rotations. In 2024, I refined the 3DeeCellTracker
further, enabling efficient cell tracking even under
challenging conditions, such as freely moving worms
or those undergoing significant deformations. The
improved pipeline has been applied to challenging
datasets from multiple collaborated laboratories and
obtained satisfactory results. Additionally, I created
computer-assisted software tools to manually correct
tracking and identification errors. These advancements
enable the extraction of more accurate whole-brain



neuronal activities and neuron IDs, enabling reliable
follow-up analyses of neural cascades. Below are
detailed descriptions of these advancements:

Efficient cell tracking under challenging conditions:
Minimizing constraints on alive animals is vital for
studying natural neuronal dynamics. To study whole-
brain activity in fast-moving worms, high-speed
imaging techniques can reduce motion artifacts,
but they also introduce cumulative tracking errors
and computational bottlenecks. To address these
challenges, I developed a similarity matrix-based
algorithm to optimize volume matching order,
thereby reducing cumulative errors. Additionally, I
improved tracking speed by narrowing the search
space for cell matching and offloading time-intensive
cell position refinement from CPU to GPU. These
optimizations substantially cut runtime, for example,
the cell tracking time for 10,000 image volumes of
head neuron images can be reduced from 40.6 to 11.5
hours.

Collaborative applications: My tracking method has
been applied to projects tracking neuronal activity
in freely moving and semi-constrained C. elegans,
as well as populational neuronal activity analysis in
the zebrafish gut. These collaborations demonstrate
the versatility and adaptability of the method
across different experimental conditions and model
organisms.

Error correction tools: For many of the real tasks,
the automatic cell tracking and identification results
inevitably contain errors. While these require manual
proofreading, the process is often time-consuming
and complex. I developed software tools to enhance
correction efficiency. For tracking errors, the software
integrates visual comparisons of raw cell images,
tracked positions, and extracted neuronal signals,
enabling quick adjustments. For identification errors,
tools incorporating the comparisons of the identified
neurons and their neighboring cells with the atlases
facilitate accurate neuron ID assignments.

Future study: These advancements make it much
easier to study the whole-brain activity obtained
in naturalistic settings. The optimized tracking
algorithms and innovative error correction tools can
extract more accurate whole-brain activity along
with their corresponding neuron IDs. By using these
neuron activity and ID data, I will be able to analyze
neural cascades at the whole-brain scale. Such insights

will contribute to a deeper understanding of neuronal
interactions and pave the way for further exploration
of brain functions. In addition, future efforts will
refine these tools and extend their application to other
model organisms and experimental conditions.
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1. Sprague D.Y., Rusch K., Dunn R.L., Borchardt J.M,,
Ban S., Bubnis G., Chiu G.C., Wen C., Suzuki R.,
Chaudhary S., Lee H.J., Yu Z., Dichter B., Ly R.,
Onami S., Lu H., Kimura D.K., Yemini E., Kato S.,
Unifying community whole-brain imaging datasets
enables robust neuron identification and reveals
determinants of neuron position in C. elegans. Cell
Reports Methods, (2025). https://doi.org/10.1016/
j.crmeth.2024.100964

2.Matsumoto M., Matsushita K., Hane M., Wen C.,
Kurematsu C., Ota H., Nguyen B.H., Thai Q.T.,
Herranz-Perez V., Sawada M., Fujimoto K., Garcia-
Verdugo M.J., Kimura D.K,, Seki T., Sato C., Ohno N,,
Sawamoto K.": Neuraminidase inhibition promotes
the collective migration of neurons and recovery
of brain function. EMBO Mol. Med. 16, 1228 - 1253.
(2024). https://doi.org/10.1038/s44321-024-00073-7
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1.Wen C.5, Deep Learning-Based Cell Tracking in
Deforming Organs and Moving Animals. In: Imaging
Cell Signaling. Methods in Molecular Biology, vol
2800. Wuelfing, C., Murphy, R.F. eds. (New York,
NY: Humana Press), pp. 203-215, 2024. https://doi.
org/10.1007/978-1-0716-3834-7_14
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1. Wen C., Suzuki R., Zhang X., Shinkai S., Mu Y.,
Kimura K., Onami S., Integrated 3D Tracking and
Registration Techniques for Large-Scale Neuronal
Activity Extraction, 4B RS KARERCEEN &
A~FAZFAZERD, EIANT<DD?,, Okazaki,
Japan, September 4-5, 2024.

2.Wen C., Suzuki R., Zhang X., Shinkai S., Mu Y.,
Kimura K., Onami S., Enhanced 3D cell tracking:
Reliable and precise extraction of large-scale neuronal
activity under challenging imaging conditions, The
Future of Nematode Research 2024 (nFuture 2024),
Online, August 27-28, 2024.
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Exploring New Mechanisms of Abiotic Stress Response and Acclimation in Tandem
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Elucidation of gene regulatory networks involved in the modulation of nutrient supply/
uptake balance between leaves and roots by large-scale field-omics.
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Understanding the mechanism of the transient cold tolerance in neonatal mice
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Embryonic Chromosome Territory and Gene Profiles Regulated by Dynamic Behavior

during Mitosis
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Interdisciplinary Approach between Plant Genetics and Chemical Biology for Understanding
Molecular Mechanism of Chloroplast Autophagy
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XXII-025 Understanding the Role and the Limits of Niche Conservatism

in Speciation

Name: Jose Said GUTIERREZ ORTEGA
Host Laboratory : Interdisciplinary Mathematical Sciences Program

A well-known pattern of biodiversity is that the tropics
(low latitudes, around the equator) shelter more
species than temperate areas (high latitudes, closer

RIKEN Interdisciplinary Theoretical and
Mathematical Sciences Program
Laboratory Head : Tetsuo HATSUDA

to the poles). This suggests that tropical species can
coexist more easily with their relatives, despite being
ecologically and functionally similar. The evolutionary



process(es) that created these trends are not known.
One hypothesis is that when species diverge, they
have to either withstand or avoid competition with
their sisters, but the different conditions in tropical
and temperate regions offer different opportunities
and constraints. In the tropics, when sister species
diverge, they can more easily maintain similar or
identical ecological needs and functions because
they experience relatively mild climatic and resource
constraints, allowing them to withstand competition.
In contrast, at high latitudes, when sister species
diverge from one another, they must shift their needs
and functions to avoid the harsher competition
brought about by the larger climactic fluctuations and
scarcer resources. To test this hypothesis, I am using
two concepts taken from evolutionary biology: niche
conservatism (NC), which is the tendency of species to
maintain ancestral ecological requirements, such that
species that are closely related tend to be ecologically
and functionally similar; and niche divergence (ND),
which is the tendency of species to differentiate
from their sisters. If the hypothesis is correct, one
would expect NC to be the dominant mechanism for
speciation in the tropics, and ND to be the dominant
mechanism in temperate areas. I focused on fern
sister species that populate the American continent
as a model group to understand the relationship
between latitude and speciation. Using geographic
and climatic data of ferns’ localities, I constructed
ecological niche models to test whether the niches are
significantly more similar or dissimilar than expected
from random, respectively corresponding to patterns
of NC or ND. Instances when niches were neither
significantly similar nor dissimilar were classified
as cases of niche equivalency (NE). To clarify the
latitudinal variation on the frequency of the three
niche evolution categories (NC, ND, and NE), I
calculated the proportions of ND:NC:NE of all fern
species identified within each 1-degree latitudinal
band. I divided all fern species found into two main
groups of fern genera: tropical and temperate. From
342 sister species pairs analyzed, I found that NC
is more common in the tropics than in temperate
regions. This was especially true for species classified
as belonging to the tropical genera. But surprisingly,
NC was also common in temperate genera at high
latitudes, where there is a high diversity of temperate
species. These results suggest that tropical sister
species tend to be phylogenetically predisposed to
maintain ecologically similar niches, contrasting with
the widespread idea that sister species avoid ecological
competition to achieve genetic isolation leading
to speciation. On the other hand, ND was equally
common at all latitudes, suggesting a pervasive role

of natural selection leading to speciation regardless
of perceived or actual environmental constraints. NE
was the most common pattern, suggesting that in most
cases, niche data analyses cannot clarify the relative
roles of geographic and ecological isolation: both
factors interplay in a process that remains unknown,
and that I will cover in a future study. This research
clarifies that NC might be often involved in the origin
of species and the local community assemblies of
ferns throughout the American continent. Future
work exploring other groups and in other continents
are needed to determine to which extent these results
are representative of a wider global pattern.
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Novel mechanisms of lifespan extension triggered by sensing tyrosine scarcity
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XXII-027 MECHANICAL ROLE OF YOLK-CYTOPLASM SEGREGATION
IN EARLY EMBRYONIC DEVELOPMENT

Name: Sameer THUKRAL
Host Laboratory : Laboratory for Epithelial Morphogenesis

The segregation of yolk from cytoplasm represents a
fundamental process in early embryonic development
across oviparous animals. Our research has revealed
a novel mechanical function of this process in early
development using Drosophila as a model system.
We demonstrated that yolk-cytoplasm segregation
requires active, polarized translocation of lipid
droplets away from yolk and into the blastoderm.
Through genetic manipulation of lipid droplet
translocation, we found that disruption of this
redistribution leads to increased motion and vortical,
chaotic movement of yolk vesicles, indicating
compromised yolk vesicle compaction and increased
cytoplasmic fluidity. This phenotype proved specific
to lipid droplet translocation defects rather than
mere reduction in lipid droplet abundance. Through
rheological assays using injected beads, we measured
increased fluidity throughout mutant embryos during
stages when lipid droplets normally translocate to the
embryo periphery.

Mathematical modeling of yolk as an active colloid
revealed that yolk vesicles experience depletion
attractive forces due to exclusion volume effects.
These forces facilitate yolk compaction and lead
to the formation of a rigid yolk vesicle network
capable of resisting shear stresses. When polarized
translocation is lost, yolk vesicle compaction becomes
impeded due to steric hindrance from lipid droplets.
Further investigation suggest that inhomogeneous
microtubule dynamics generate uncoordinated shear
stresses driving yolk vesicle flow when compaction is
compromised. The resulting undamped flow causes
high membrane fluctuations, highly compliant cell
shapes, and inefficient out-of-plane deformation
in epithelial folds, regardless of the initiating fold
mechanisms.

Our work demonstrates that proper segregation is
essential for maintaining embryo rigidity during
morphogenesis. The morphogenetic consequences of

RIKEN Center for Biosystems Dynamics Research
Laboratory Head . Yu-Chiun WANG

this cytoplasmic fluidization proved profound, as all
epithelial folds forming during gastrulation showed
defects, displaying highly compliant cell shapes or loss
of stable tissue deformation. These defects appeared
independent of myosin contractility but dependent on
microtubule dynamics, suggesting a novel mechanical
pathway distinct from traditional cortical force
generation.

Our ongoing research focuses on several key areas:
quantitative rheological measurements of yolk
material properties, systematic genetic perturbation
of yolk components, metabolic profiling during
syncytium-blastoderm transition, and phylogenetic
comparison of yolk properties across species. Our
preliminary survey across dipteran species reveals
diverse patterns of lipid droplet sizes and localization,
suggesting that cytoplasmic rigidity may have evolved
and been attuned to distinct cytoarchitectural
requirements during dipteran evolution. This research
fundamentally changes our understanding of yolk-
cytoplasm segregation by revealing its mechanical
role in development, suggesting that this process
mechanically rigidifies the embryo interior, preparing
it for the syncytium-blastoderm transition and
enabling proper gastrulation through mechanical
stabilization.
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XXII-028 Decoding Gall Formation: A Computational Approach to Cellular

Reorganization

Name: Xin TONG

Host Laboratory : Metabolome Informatics Research Team

The elm tree acts as a super host for over 30 galling
species, providing a conducive environment for
gall formation. Notably, galling aphids have the
remarkable ability to induce de novo organogenesis in
elm trees. Each galling aphid species orchestrates the
formation of a unique gall, a process known as species-
specific gall formation. Unlike typical plant structures
such as leaves and roots, galls develop as distinct
plant organs, quickly formed in response to parasitic
organisms, and this phenomenon is observed across
a wide range of plant species. However, the precise
mechanisms by which galling organisms disrupt
normal plant development and redirect it towards gall
formation remain poorly understood. My study aims
to shed light on the complexities of gall development
by examining non-model organisms through high-
resolution omic analysis. Our approach involves
dissecting the early stages of gall organogenesis and
closely tracking the cellular reorganization that occurs
during gall development. To address this, we focus on
generating FIB-SEM (Focused Ion Beam Scanning
Electron Microscopy) volumes of gall tissue induced
by the aphid Hormaphis cornu during its early galling
phase, offering a detailed view of the cellular changes
involved. This study employs computational methods
to explore the early stages of gall formation through
high-resolution omic analysis. Using focused ion
beam scanning electron microscopy (FIB-SEM), we
generate 3D data sets of gall tissue induced by the
aphid Hormaphis cornu. Computational analysis
is then applied to track cellular reorganization
and detect structural changes at the cellular and
subcellular levels. This approach allows for precise
examination of the dynamic processes involved in gall
development.
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XX1I-029 MOLECULAR MECHANISMS UNDERLYING LIHGT-
MEDIATED REGENERATION

Name: Yetkin Caka INCE

Host Laboratory : Cell Function Research Team

Understanding plant regeneration is essential for
agricultural sustainability and ecosystem resilience.
Light significantly regulates plant development,
but studies show inconsistent results regarding its
role in regeneration, often due to non-standardised
quantification methods, reliance on artificial
regeneration systems that obscure the impact of
environmental cues, and limitations in traditional
mutant analyses. My research involves four
interconnected projects focused on regulators of
natural shoot regeneration process in Arabidopsis.
1.A semi-automated image analysis program for
quantifying regeneration: Large-scale regeneration
studies face challenges due to the limitations of
manual analysis techniques, which can introduce
bias. To overcome this, I developed an automated
image analysis program using Image]J that
standardises and streamlines shoot counting
in regeneration studies, ensuring efficiency and
reproducibility. Additionally, I created a GFP
marker to monitor early callus development, a
process that is otherwise challenging to assess
without specific markers.
2.Pre-culture light conditions impairs shoot
competence acquisition: The impact of light on
regeneration has often been studied in specific
stages like callus growth and shoot induction, but
little attention has been given to the condition of
the explant before initiating regeneration. We found
that hypocotyls from de-etiolated (light-grown)
seedlings are largely impaired in shoot regeneration
despite producing more callus compared to
etiolated (dark-grown) seedlings. This suggests
that light treatment prior regeneration negatively
impacts shoot competence acquisition. Our working
hypothesis is that light induces epigenetic changes
that hinder the activation of shoot competence
genes. We are currently employing single-
cell multiomics to uncover the epigenetic and
transcriptomic landscapes of light- and dark-treated
hypocotyls, aiming to define molecular boundaries
of pluripotency and shoot competence.
3.Light as an energy source during hormone-free
regeneration: Arabidopsis thaliana is widely
regarded as unable to regenerate shoots without
exogenous hormone application. Traditional
regeneration systems relying on hormones create

RIKEN Center for Sustainable Resource Science
Laboratory Head : Keiko SUGIMOTO

artificial conditions that obscure the role of
environmental signals like light. In response, I
developed a hormone-free regeneration system using
decapitated Arabidopsis seedlings. In this system,
new shoots regenerate in just few days without
the involvement of key shoot apical meristem
genes (WUS and STM) or the essential hormones
in regeneration. I discovered that light is crucial
for this regeneration, acting not as a signaling
component but as an energy source. Photosynthesis
inhibition and dark conditions completely impair
shoot regeneration, but supplying exogenous
metabolisable sugars rescues this phenotype.
Interestingly, non-metabolisable sugars like
turanose do not rescue regeneration, highlighting
the energy-dependent role of sugars. I am currently
investigating transcriptional changes to identify key
genes involved in this process and testing mutants
related to axillary meristem initiation and wound
responses. Additionally, I aim to use HCR-RNA
FISH to visualise key genes based on transcriptome
analysis.

4. A versatile tool for inducible genetic manipulation
of Arabidopsis seedlings: A major challenge in
studying light’s role during regeneration is the
limited utility of light-related mutants, as their
phenotypes often vary significantly across different
regeneration stages. To overcome this, I developed
an inducible CRISPR system with a dual reporter—
GFP signal loss and recovery of Basta resistance via
homology-directed repair (HDR) following Cas9
induction. This system has demonstrated 100% gene
deletion efficiency in independent T1 seedlings and
is also highly effective for inducible overexpression
of other genes. I aim to test its application for tissue-
specific deletions and knock-ins using HDR. This
system will be applied in the previously outlined
projects to dissect the roles of specific genes in light-
regulated regeneration.
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Impact of Light on Plant Regeneration: A Comprehensive
Study Utilizing Automated Image Analysis. ICAR2025,
San Diego, USA

XXII-030 Evolution in non-standard genetic systems

Name: Thomas James HITCHCOCK
Host Laboratory : Interdisciplinary Mathematical Sciences Program

Populations are often structured by factors such as
age, geography, or sex. As genes flow between these
different states of the world, it may structure the
ancestry of the population, such that genes may spend
more evolutionary time in some states than others.
Over the course of this year, I have been developing
a series of mathematical models to better understand
two broad themes relating to class structure: (1) How
do different inheritance systems shape patterns of
genetic diversity? (2) How do different inheritance
systems shape patterns of social behaviour?

Firstly, I have been investigating the unusual genetics
of two speciose groups of flies (fungus gnats and gall
midges), where, in these species, males receive, but
don’t pass on, genes from their fathers (known as
paternal genome elimination). In addition, both these
groups have an unusual sex determination system
- monogeny - where females produce exclusively
either sons or daughters. Both these genetic quirks
are expected to drive distinct patterns in the genomes
of these species, with slower rates of adaptation and
larger genetic loads. We have been developing a series
of theoretical models to make predictions about such
patterns and testing them against data from a range of
fungus gnat species. Similarly, I have been developing
models to understand how different life cycles may
alter the evolutionary trajectories of sex chromosomes.
For example, when species have portions of their
life cycles where they reproduce asexually, as seen in
aphids and cynipid wasps.

Secondly, I have developed models showing how
different inheritance systems and genetic systems are
expected to shape patterns of social behaviour. For
example, some organisms are chimeras, containing
multiple, genetically distinct cell lineages within a
single individual. This is seen in certain species of
marmosets, corals, and algae. We have developed
models showing how this may affect patterns of social

RIKEN Interdisciplinary Theoretical and
Mathematical Sciences Program
Laboratory Head : Tetsuo HATSUDA

behaviour and generate conflicts between different
tissues over such traits. Additionally, we have been
developing new models to understand sex allocation
patterns in Varroa mites, which have recently been
found to display an unusual form of haplodiploidy,
where males are in fact diploid clones of their mother.
As males have an extra genome they can pass on, this
can make their daughters less related to each other,
and thus generates different predictions from classical
sex ratio models.

@ Publications

Papers

1. Baird, R. B., Hitchcock, T. J., Sevéik, J., Monteith, K. M.,
Gardner, A., Ross, L., & Mongue, A. J. (2025). Faster
adaptation but slower divergence of X chromosomes
under paternal genome elimination. Nature
Communications, 16(1), 5288.

Preprints

1. Hitchcock TT, Baird RB, Gardner A and Ross L. Paternal
genome elimination, monogenic reproduction, and
the evolutionary genetics of atypical sex chromosome
systems. bioRxiv. 10.1101/2024.10.23.619029

2.Hitchcock TJ. Effective population size of X
chromosomes and haplodiploids under cyclical
parthenogenesis. bioRxiv. 10.1101/2024.04.05.586733

3.Hitchcock TJ] and Patten MM. Chimerism and
altruism. bioRxiv. 10.1101/2024.07.23.604446

@ Oral Presentations

Conferences

1.“Evolutionary genetics of paternal genome
elimination”. Third Joint Congress on Evolutionary
Biology, Montreal. July 26" -30" 2024.

2.“Evolutionary genetics of paternal genome
elimination”. International Congress of Entomology,
Kyoto. August 25" -30" 2024.



3.“Chimerism and altruism”. Internal Conflicts Special
Topic Network, Groningen. October 14"-15" 2024.

4.“Evolutionary genetics of paternal genome
elimination”. Sciarid Fly Meeting, Cambridge
(Virtual). December 16" 2024.

5. “Effective population size of X chromosomes under
cyclical parthenogenesis”. PopGroup 58, Sheffield.
January 7"-9" 2025.

@ Poster Presentations

Conferences

1. “Chimerism and altruism”. Third Joint Congress on
Evolutionary Biology, Montreal. July 26" -30" 2024.

2.“Chimerism and altruism”. 7th Taiwan-Japan Ecology
Workshop, Naha. November 15*-17" 2024.

XXII-031 Neocortical Circuits and Physiological States Underlying the Volitional

Control of the Vocal Output in Marmoset Monkeys.

Name: Cristina RISUENO SEGOVIA
Host Laboratory : Brain Functional Dynamics Collaboration Laboratory

Vocal communication holds paramount significance
in both human and animal interactions. Despite its
prominence, our understanding of the laryngeal
control and physiological substrates governing vocal
signaling remains limited. Marmoset monkeys,
Callithrix jacchus, are highly social and vocal
primates and the anatomy and function of the
larynx are conserved across primates. These features
make marmosets valuable models for studying
vocal communication and its neural, muscular, and
physiological underpinnings. Cricothyroid (CT)
and thyroarytenoid (TA) muscles are the primary
intrinsic laryngeal muscles responsible for vocal
pitch modulation. To investigate their role, bipolar
silver electrodes were implanted into the right CT
and TA for chronic electromyographic (EMG).
Simultaneous measurements of physiological activity:
electrocardiography (ECG) and respiration, have
been undertaken with a custom-made non-invasive
marmoset jacket system. Our results indicate that the
larynx of the marmosets might be well-developed to
produce controlled sounds during both inhalation
(e.g. chirp calls) and exhalation (e.g. phee calls). The
CT and TA muscle activity patterns correspond to
phasic or tonic responses linked to peri-vocal timing.
Regardless of activity pattern, there is a strong
positive correlation between CT and TA activity. We
also observed that pre-vocal muscle activity of CT and
TA for ~100 ms is required to reach the desired vocal
pitch or muscle tension at call onset independently
of call type. During call production, muscular
effort is predominantly necessary to increase call
frequency by building tension to reach a higher
vocal pitch. Frequency reduction in the call might
rely more on passive mechanisms or reduced tension
without significant muscular involvement. This

RIKEN Center for Brain Science
Laboratory Head | Masanori MATSUZAKI

selective activation might reveal an energy efficiency
mechanism during vocal production as the laryngeal
muscles appear to be tuned to minimize energy
expenditure by only activating when necessary, during
dynamic pitch modulation of phasic activity. Overall,
this pattern demonstrates a specialized control
of pitch within the laryngeal-respiratory system,
relying on both active and passive mechanisms to
optimize vocal performance while minimizing energy
expenditure. Occasionally, the default stereotyped
call is divided into segments with periodical sound
interruptions producing segmented calls. During
segmented calls, the vocal fold muscles may remain
partially engaged even during the pauses between
segments. Even if the CT and TA muscles are active,
the glottis may open slightly to allow inspiratory
pauses or mini breaths. The mechanism described
resembles a two-stage activation system, composed
of a pattern generator and an activation trigger. The
pattern generator or preparation stage, involving CT
and TA EMG activity, appears to establish a default
pattern for the desired output. The activation trigger
or control stage, involving the respiration/subglottal
pressure, acts as a switch that must be activated to
enable the output. Additionally, the putative laryngeal
motor cortex in ventral premotor areas, 6V, has been
identified by ICMS mapping. In future experiments,
two-photon microscopy will be used to identify the
neural populations responsible for vocal signaling in
marmoset monkeys. This multi-method approach will
enable us to study the learning process to volitionally
vocalize in marmoset monkeys at the neural,
behavioral, and physiological scales.

@ Oral Presentations
International Conferences



1.Risueno-Segovia C., Setsuie R. and Matsuzaki
M.: “Physiological substrates of marmoset vocal
communication”. Center of Integrative Neuroscience
2024, Tiibingen Germany, June 17.

@ Poster Presentations

International Conferences

1. Risueno-Segovia C., Setsuie R. and Matsuzaki M.:
“Vocal-cardiorespiratory coordination during the
learning process to volitionally vocalize in marmoset
monkeys”. FENS Forum 2024, Vienna Austria, June
25-29.

Domestic Conferences
1. Risueno-Segovia C., Setsuie R. and Matsuzaki M.:
“Vocal-cardiorespiratory coordination during the

learning process to volitionally vocalize in marmoset
monkeys”. 13" Japan Marmoset Research Association
Conference 2024, Tokyo, February 20-21.

2.Risueno-Segovia C., Setsuie R. and Matsuzaki
M.: “Vocal-cardiorespiratory coordination in the
common marmoset”. 2nd International Symposium
on Biology of Behavior Modification 2024, Tokyo
Japan, July 23.

3.Risueno-Segovia C., Setsuie R. and Matsuzaki
M.: “Vocal-cardiorespiratory coordination in the
common marmoset”. Japan Neuroscience Society
2024, Hakata Japan, July 24-27.

4.Risueno-Segovia C., Setsuie R. and Matsuzaki
M.: “Respiratory coordination of marmoset
vocalizations”. The 3rd Joint Poster Presentation for
Young Scientists 2024, Wako Japan, September 12.

XXII-032 Elucidating the Brain Mechanisms of Fatigue in Motor and Cognitive
Functions Using Ultra-High-Field fMRI

Name: Sofia NAGISA

Host Laboratory : Laboratory for Human Cognition and Learning

Performance in most of our everyday tasks is affected
by physical and mental fatigue, which can lead to
negative consequences, such as sports injuries and
driving accidents. Recent research suggests that
fatigue occurs not only due to peripheral physiological
processes, but also due to control signals from the
brain. For example, some endurance tasks feel less
fatiguing when performed simultaneously with other
tasks: jogging while talking to a friend or exercising
while listening to music. However, it was unknown
whether the additional tasks only lower the sensations
of effortfulness and fatigue or they also improve
performance, and if they do, what the underlying
brain mechanism of this phenomenon is.

During the first year of the research, we demonstrated
that our endurance performance can benefit from an
additional task. We designed a fatiguing muscular
endurance task in which participants had to grip a
force sensor with the highest force they could sustain
for 12 seconds. As an additional task, on some trials
we added a simultaneous short-memory task, which
was either moderately or highly demanding. Grip
force was higher in double-task conditions, especially
when the additional task was highly demanding,
than when participants performed the grip task
alone. In subsequent years, we developed behavioral
paradigms to investigate two potential mechanisms
of this phenomenon with different possible neural

RIKEN Center for Brain Science
Laboratory Head . Kazuhisa SHIBATA

implementations.

The first possible mechanism can be called active
suppression: the brain might monitor the effortfulness
of a task and actively suppress performance when
the task is too effortful to prevent the body and brain
from being damaged due to excessive use. If this is
the case, such active suppression can be inhibited
by diverting attention away from the effortful task
thus preventing the monitoring of effortfulness.
Using tactile stimulation device designed during the
second year of research we carried out an experiment
to test this possibility. We focused participants’
attention on either the gripping or the opposite arm
by introducing a task in which they were required to
discriminate between tactile stimuli delivered to their
arms. We predicted that attending to the gripping
arm will increase active suppression and attending
to the opposite arm will decrease it, thus respectively
decreasing and increasing gripping force. However, we
observed an equivalent increase in gripping force due
to engaging in the simultaneous tactile discrimination
task irrespective of the attended arm. These results are
more consistent with another potential mechanism
of double task benefit, namely facilitatory mechanism
due to increased arousal.

During the second year we measured pupil size as
a physiological marker of arousal and found that
it correlated with both gripping force and task



difficulty. Last year we corroborated these findings
by manipulating arousal in a new way. We kept the
difficulty of the additional cognitive task constant
but manipulated the amount of reward paid for
it. Counterintuitively, but consistent with arousal
account, gripping performance improved when the
reward for the unrelated cognitive task was higher,
accompanied by no significant effect on the cognitive
performance.

Lastly, we are currently investigating which brain
area is responsible for the change in arousal that
leads to improve in performance during double-task
conditions. We hypothesize that it is locus coeruleus
(LC), because it is the main center within sympathetic
pathway of the nervous system that regulates
autonomic, cognitive and emotional arousal and its
activation is correlated with pupil size as demonstrated
by cell recordings in monkeys. We designed a
functional magnetic resonance imaging experiment
and confirmed some expected effects such as motor
activation due to button presses and initiation of a
grip. We are currently testing a scanning protocol

that will best allow for measurement of activation of
LC, which is impossible with a typical whole brain
scanning protocol due to its small size and subcortical
location.

Overall, this year’s research clarified the mechanism
through which additional task benefits the
performance in a fatiguing physical task and
advanced the investigation of neural substrates of this
phenomenon.

@ Publications

Original papers

1. Nagisa, S. & Murakami, I.: Perceived duration of
visual stimuli contracts due to crowding. Journal
of Experimental Psychology: Human Perception and
Performance, 50(12), 1206-1224. (2024). Published.

@ Poster Presentations

Conferences
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Er LR, BREROEZREBEKRS, 1L,
11~128 (2024)
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Development of a disease model for von Hippel-Lindau syndrome using patient-specific iPS
cells to identify novel therapeutics targeting for vascular endothelial stem cells.

[BEN] 74> £y X)L+ YR T (von Hippel
Lindau: VHL) f&l&. E3ZAEFFYUH—EHEREE
METBVhELTFOEEZEFFRREL, N, HE &
BEROETIMESFRE. I5ICid. BER - EMEL
AERIET DEGEEHR TH D, INFTIC, ERVHL
REBMAEEREEBETILDELIN TR ST REEMRF
PR IBERERRENEHE L BoTND, ZTTERAR
TIlE. VHLIR £ & 45 2 #IPS (induced Pluripotent
Stem) MfgE AW FVHLRERBETIL &z
FU. NEEBOREFETRS VICHFRABERFOREE
BMET %,

[AE] INFTIC, BEEFHXROME A KM,
VHUREEBROMERNR MK L, 7OFAZY
2. RNAY— O TV R@EfZERE TSI & T VHL
REERROMEANEMIE TRENICERIET 2HR
BERFZEBEE LU, 2 TEREEER., 7/ LRE

MRERS : 7B FFHE Hidenori ITO
ZAARE N1 AYVY ARV T —
iPS ifg® RS IERITFER T — A
(FFER A &)
it (CRISPR-Cas9Y X 74) ZAWT, ThSHHA
BRAFOEGFRIBIPSH#ifgtk. B250c, AvhA—
LELT, RNRBOBEENE LV TEEINTWSHIF2
(Hypoxia inducible factor 2) E{zFXI8iPS i3tk
ORI, oo TNSOBILLIZIPSHfEN S
MERNKMZFEL, AFELCENVHLBREREET IV
ZRWT, REMWREFE U .

[(#ER] VHLEBEFENIPSHlEHL 5. FFAER
FEUTREURIELTF. BSOICHIF2E R FEZERN
ELITL—LY T NEEZMSIPSHIRAZRITIUTc, £
Blc, B UIZiPSHilRlcEWT, SENEFOERE
RRENBEEICETL WS EZHER UIc, LT, &
nS5oIPSHifaN 5. MERNRMENEMEBEEZTL.
MEAINA/ARETILTOFEMERERITLILES
5, HF28mFRERERERIC. WM DHFRAERHR
FREFTHEELRNEROMAIMEN RSN, =5



ICIRE. HIF 2B FRIEKENERDFINRORES
feHAERFRIBHKRICOWTIR. EMEIEYIRE
TILTHRROMENESNZDDNMETLT NS,

[(#558] AEE. AEUCEROFEBERTICN
B FREKREBIIU., INSHFRBERTO—
EBlE. BRERULMEAIA /A REFTILICEWT, BFED
HIF2 B FRIBHREEKRIC. BEETHEINDIBER
MEFEDIFIMRERUIC, S ZOKRBORRAR
FTHBZVHLELGFERE, BEULLHRBERTD
EREXR - HaEsHOMEEZ 2 FL NIV TEMIC
BIATHET NRBOFMIBREXANZILZHS
MU, BBEDOHIF2Y—7'y N L IFEIRZHTREAFEZ
FHT 5.

@t LK Publications
(FEHR)

1. Yutaka Arai, Hidenori Ito, Tomoya Shimizu, Yuzuno
Shimoda, Dan Song, Mami Matsuo-Takasaki,
Tadayoshi Hayata, Yohei Hayashi: “Patient-derived
and gene-edited pluripotent stem cells lacking
NPHP1 recapitulate juvenile nephronophthisis
in abnormalities of primary cilia and renal cyst
formation”, Frontiers in Cell and Developmental
Biology, 12, 1370723, 2024.

2.Miyu Mori, Shoko Yoshii, Michiya Noguchi,
Daigo Takagi, Tomoya Shimizu, Hidenori Ito,
Mami Matsuo-Takasaki, Yukio Nakamura, Satoru
Takahashi, Hiromichi Hamada, Kiyoshi Ohnuma,
Tadashi Shiohama, Yohei Hayashi: “Generation of
human induced pluripotent stem cell lines derived
from four Rett syndrome patients with MECP2
mutations’, Stem Cell Research, 77, 103432, 2024.

3.Rui Li, Hazuki Tsuboi, Hidenori Ito, Daigo Takagi,
Yun-Hsuan Chang, Tomoya Shimizu, Yutaka Arai,

Mami Matsuo-Takasaki, Michiya Noguchi, Yukio
Nakamura, Kiyoshi Ohnuma, Satoru Takahashi,
Yohei Hayashi: “Generation of human induced
pluripotent stem cell lines derived from two glucose
transporter 1 deficiency syndrome patients”, Stem
Cell Research, 81, 103584, 2024.

4.Mami Matsuo-Takasaki, Sho Kambayashi, Yasuko
Hemmi, Tamami Wakabayashi, Tomoya Shimizu,
Yuri An, Hidenori Ito, Kazuhiro Takeuchi, Masato
Ibuki, Terasu Kawashima, Rio Masayasu, Manami
Suzuki, Yoshikazu Kawai, Masafumi Umekage,
Tomoaki M Kato, Michiya Noguchi, Koji Nakade,
Yukio Nakamura, Tomoyuki Nakaishi, Naoki
Nishishita, Masayoshi Tsukahara, Yohei Hayashi:
“Complete suspension culture of human induced
pluripotent stem cells supplemented with suppressors
of spontaneous differentiation”, Elife, 12, RP89724,
2024.

5.Yuji Nashimoto, Yusuke Kanno, Hidenori Ito,
Mustafa SEN: “Editorial: Modelling and sensing
platform for cancer and tumour microenvironment”,
Frontiers in Bioengineering and Biotechnology, 12,
1432352, 2024.
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XXII-034 Investigating Information Processing Strategies among Normal Ageing

and Mild Cognitive Impairment Populations: An Eye-Movement Study

Name: Alexandra Janina WOLF
Host Laboratory . Cognitive Behavioral Assistive Technology Team

Dr. Alexandra Wolf's SPDR project aims to detect
cognitive impairments, particularly Alzheimer's
disease (AD), using eye-tracking technology. Given
the global challenge of neurocognitive disorders and
the rising healthcare costs, early detection is crucial.

Goal-Oriented Technology Research Group
RIKEN Center for Advanced Intelligence Project
Laboratory Head : Mihoko OTAKE

Dr. Wolf's research focuses on the potential of gaze
metrics to differentiate between healthy individuals
and those with mild cognitive impairment (MCI),
with the goal of improving screening methods
for early dementia detection. The study integrates



eye-tracking data with cognitive and behavioral
assessments to explore the relationship between
visual scanning patterns and cognitive function.
Preliminary results from the study show an intriguing
finding: participants with MoCA scores between 20
and 25 outperformed those with scores between 26
and 30 in visual memory recall. This counterintuitive
result may reflect heightened compensatory attention
in participants with lower MoCA scores, who may
exert more effort and focus due to their awareness of
potential cognitive decline. Conversely, individuals
with higher MoCA scores may rely on their natural
cognitive abilities and invest less effort in the task,
potentially leading to lower recall rates despite better
baseline cognitive function. These results align with
compensation theory in aging, which suggests that
individuals with MCI often engage compensatory
strategies to maintain performance. Additionally,
the effort-performance tradeoff and overconfidence
effect may further explain the observed pattern in
task performance. Looking forward, the study aims to
continue exploring how cognitive state impacts gaze
behavior. Analyzing reaction times and gaze metrics
will provide further insights for understanding
cognitive aging. In conclusion, Dr. Wolf's research,
combining eye-tracking technology with behavioral
and cognitive data, holds promise for advancing
clinical diagnosis and early monitoring of Alzheimer's
disease, potentially offering valuable biomarkers for
translational practices in the coming decade.

@ Publications

1. Tripanpitak K., Wolf A., Umeda S. and Otake-
Matsuura M. EEG-Based Biomarkers of Cognitive
Decline Associated with Alzheimer's Disease and
Mild Cognitive Impairment: A Systematic Review
(submitted)

2.Wolf, A., Salobrar-Garcia, E., Bandara, D. S. V.,
Ravienna, K., eds. (2024). Early indicators of cognitive

decline, Alzheimer’s disease, and related dementias
captured by neurophysiological tools. Lausanne:
Frontiers Media SA. doi: 10.3389/978-2-8325-4814-1
3. Wolf A., Ravienna K. and Salobrar-Garcia E. (2024)
Editorial: Early indicators of cognitive decline,
Alzheimer's disease, and related dementias captured
by neurophysiological tools. Front. Psychol.
15:1393724. doi: 10.3389/fpsyg.2024.1393724

@ Oral Presentations

1. Wolf A. Eye Movement Abnormalities in Older
Adults With and Without Mild Cognitive
Impairment, Healthy Longevity Talent Incubator,
National University of Singapore (NUS) Yong Loo
Lin School of Medicine, June 13" 2024, Singapore

@ Poster Presentations

1. Wolf A., Tripanpitak K.. and Otake-Matsuura M.
Gaze Behavior among Older Adults: Exploring
Cognitive Processes through a Decision-Making
Paradigm and Memory-Recall Task. Conference of
Experimental Psychologists TeaP 2024 (March 18", 2024,
Regensburg, Germany

2.Wolf A. and Otake-Matsuura M. INFORMATION
PROCESSING STRATEGY AMONG CLINICAL
POPULATIONS IN A DECISION-MAKING TASK:
AN EYE MOVEMENT STUDY. LAMDA-RIKEN
AIP Joint Workshop, June 6th, 2024, Nanjing, China

3. Wolf A., Tripanpitak K.. and Otake-Matsuura M.
Gaze Behavior in Older Adults: A Comparative
Study of Mild Cognitive Impairment in Naturalistic
Tasks. European Conference on Visual Perception
ECVP2024, August 28", 2024, Aberdeen, Scotland

4.Wolf A. and Otake-Matsuura M., Investigating
Information Processing Strategies among Normal
Ageing and Mild Cognitive Impairment Populations:
An Eye-Movement Study. FY 2024 SPDR Research
Report Session, January 16th, 2024, Wakoshi, Japan

@ Other:

1. Dr. Alexandra Wolf successfully curated a Research
Topic in Frontiers in Psychology titled "Early Indicators
of Cognitive Decline, Alzheimer’s Disease, and
Related Dementias Captured by Neurophysiological
Tools" (accessible here: https://www.frontiersin.org/
research-topics/44219/early-indicators-of-cognitive-
decline-alzheimers-disease-and-related-dementias-
captured-by-neurophysiological-tools). This collection,
featuring 14 accepted manuscripts, has garnered
significant attention with over 45,200 views and
12,465 downloads. Additionally, Dr. Wolf contributed
to the e-book’s completion by authoring an editorial
manuscript, further underscoring her active role
in advancing research on cognitive decline and
dementia.
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Identification of brain centers controlling thermogenesis and immune responses via the

autonomous nervous system
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@5 L H 3 Publications

1. Parallel Labeled-Line Organization of Sympathetic
Outflow for Selective Organ Regulation in Mice.
Harima Y, Tsurutani M, Yamada S, Uchida S, Inada
K, Hagihara M, Irie S, Shigeta M, Abe T, Inoue YU,
Inoue T, and Miyamichi K. “Parallel Labeled-Line
Organization of Sympathetic Outflow for Selective
Organ Regulation in Mice.” Nature Communications ,
15: 10478 2024",

XXII-036 Human Variation Driven by Mobile Genetic Elements: Disease

Association and Evolution
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XXII-038 Recording Time-stamped Biological Events into Cellular DNA

Through Genome Editing

Name: Chih-Chieh (Jay) YU

Host Laboratory : Laboratory for Cell Function Dynamics

Studies of biology and medicine will benefit from a
method that can non-invasively monitor biological
events (such as infection or inflammation) in freely
moving animals over long durations, but existing
tools cannot fulfill these needs. Recent advances in
genomic editing technologies have raised possibility
of storing ongoing biological signals into the genomic
DNA, which can be later extracted from the animal
tissue and sequenced, potentially enabling continuous
monitoring of event history in vivo. Although
pioneering studies have shown the feasibility of this
strategy, the lack of a cell-powered time-keeping
mechanism prevents existing recorders from reporting
the timing of biological event occurrence, which sets
a major limitation on the usefulness of this strategy.
This research aims to develop an intracellular clock
that can store the timing of user-defined biological
events in the genome of single cells. To achieve this,
a biological timer was designed by continuously
inducing DNA mutations at a selected genomic locus,
so that the quantity of the mutations would allow
inference of how much time has elapsed since clock
activation.

Research efforts this year focused on characterizing
the performance of proposed biological timer in
cultured mammalian cells. A human-derived cell
line, HEK293T, was genome-edited to constitutively
express biological components that advance the timer.
The cell line was maintained over several months,
and genomic DNA was extracted from the cell line

RIKEN Center for Brain Science
Laboratory Head : Atsushi MIYAWAKI

every week during this period. Nanopore long-read
sequencing was performed to read out the target
genomic locus in full length. The genomic sequence
was analyzed via a custom software to quantify
accumulated mutations. Results indicated that the
quantity of mutations were mostly monotonically
increasing with the duration since mutagenesis
started, confirming the potential use of the system as
a cell-autonomous timer. However, the experiments
highlighted two core problems that will limit the
usefulness and potential applications of the current
system: (A) The current system has a very low
mutation rate (~0.3 mutations/month); a consequence
of this low rate is that in order to estimate elapsed
time with the timer, it is necessary to pool genomic
DNA over many cells (> 100’s), which prohibits single-
cell analysis, and also hinders a timestamp-copying
scheme that is central for building the proposed event
recorder. (B) The current system appears to negatively
affect cell health, resulting in a declining proportion
of cells expressing the system over time. Ongoing and
upcoming experiments focus on exploring potential
solutions to address these two core problems, such as
by incorporating additional copies of the genes that
advance the clock, by genetically knocking out DNA
repair enzymes that hinders formation of mutations,
and by screening through various mutation-inducing
enzymes for optimal mutation rate and minimal
adverse effects on cell health.
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Development of Biomolecular Deposition-Photon STM for Elucidation of Photoelectric

Conversion Mechanism in Photosynthesis
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Host Laboratory : Superconducting Quantum Electronics Research Team

In FY2024, we implemented an established system
gain calibration method using a qubit-coupled
transmission line with power-dependent transmission
characteristics. This implementation enabled
comprehensive characterization of our Josephson
Traveling-Wave Parametric Amplifiers (JTWPAs),
allowing us to evaluate not only their gain but also
their added noise and performance metrics including
saturation power. Building upon our previous
windowed-modulation JTWPA design, we optimized
the choice of window function and we were able to
achieve gain exceeding 20 dB across a bandwidth
greater than 4 GHz. The devices demonstrated
high performance with minimal added noise of 1.3
quanta at 20 dB gain and a saturation power of -95
dBm, while maintaining negligible backward gain—
positioning our JTWPAs at the forefront of current
technology. Besides amplifications, by using the same
JTWPA design, we applied two pump tones with
one positioned below the bandgap, leading to the
observation of phase-dependent gain—a signature
of single-mode squeezing. This observation suggests
potential applications in quantum state tomography
through the implementation of tunable traveling
squeezers. We also explored the implementation of
resonant-phase-matching (RPM) based JTWPAs,
which traditionally offer superior performance and
design flexibility compared to modulation-based
approaches. Conventional lumped-element RPM
JTWPASs excel in phase correction efficiency but
struggle with resonator-frequency homogeneity in
their implementations. Meanwhile, the alternative
waveguide-based RPM variants achieve high
resonator-frequency homogeneity but are inefficient
in providing correction for phase matching. Our
novel distributed-coupling RPM (dcRPM) JTWPA
design successfully combine the advantages of
both approaches while eliminating their respective
limitations. With our proposal, we fabricated
multiple dcRPM JTWPA devices and verified our
design experimentally by gain measurement. The
results from our dcRPM JTWPAs demonstrated

RIKEN Center for Quantum Computing
Laboratory Head : Yasunobu NAKAMURA

promising performance, achieving 18-20 dB gain over
5 GHz range using only 660 junctions, almost a 75%
reduction in junction number needed compared to
our previous window-modulated designs. With this
dcRPM mechanism, we are exploring new possibilities
for JTWPA variants, including traveling single-mode
squeezers and metamaterial waveguide-based single
photon detectors.
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Integration of Mechanical Phenotyping of Cell Membrane and Transcriptome along Aging
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BB CERYIVELBROBRBICHMIIL TS,
INICE>TEBTBRZERERE T2 F =ML,
AAREPEXRENSBREZARGEICRELES
EDFHICEN D ENBEFINS,
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Establishing Robust Machine Learning for High-Dimensional Contaminated Data

KAIRARRE  "TBRITERT — 5 ISR AN
BOWEIL OERICEWTIE. RANBEHREE 7LD
UZXLDMHEICEET 2K DIERGNEEREDEEZ R D
SIRNEEERD, BERS, FHFFITIRAILES
THRSNDMEEREOERZ TEDIEITBBICKRRU
BiA R hiE EETFEIN TV EBEMED b
L—RATEAFRREICHT2EZNGEREZTOEN
HLWHSTH D,

ZITSEER BREBICS TS TFHORERE
HOEEFMAE &DbIFKRIERZE (Calibration
error; CE) (ICEBU. CEQ#EE TH D HFIRIERE
(Expected calibration error; ECE) iU % /817
A, BLVECE [CED K BRSO ICE T B3
HIEKRZETV, ZOHEICEDWT SUEEREN R
HICRIASNEREFZILTIXLADORAFEZT >/ TN
S5(CINA. EFEENSFAADOMEEEEELTEDIT-
TWSMBIERZABEI 22— RYNT—0, @
NEEREICE I 2R R EERS T,

SEEDHRFENIC L > TRIFKS NI R OBE (L
TOBDTH S,

(1) BBFEBETNLE2DETHORNEEREZ M
BERICAVWSNZ CEDHEE THDECEICDWN
T RN 7 RCET 2 ENRIERBRITZ 60
TRMHUc, i, RENBEZVIFETHZ—
KREE - —KRIEBEEZVZICHUTHE/NA 7D L
ReEHL, ZOWRRKL—hZERIEEDIC /(1T
ARIMED Tz DB R E > EZHHTHSHICL
feo E5IT. INSOBINTZE, BHRIERBNWFEZT
HEICUEREBITNERESE. TRAOT—FIC
NIBECE ZEENICFMAIREICTZ LAZS
ATz

(2) EZV T IcEDECEIC LB RERMTHT S, 2D
ENBIHBEICTREERE HIEIT5HERIE
FEICEIIFMGERBTZTE oI, AT
RTIEENEEBICOAE RN LY TENTHD,
ZLOBREFEIE. MERDOERIRIDOT —
FITE T BNCETEBRFETFERNT W, Z
ZTHAIF. PAC-Bayes EBiRICEDE, RIEDX
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TREBWRFEBF—L
(FFER #L ™)
ARICHITZDAREIC T2 TRBEL AR LR
EEH U, hicknD., BiF bR eEsEDE £
zBEEIBBRAEN BRI N, BEBRRICED,
FERFEZ DD HREZRIET D EZERI LI,
(3) Fourier neural operator (FNO) &, #F£ U <%
WHIHEZSZ 5N 2 &, BEAIBRZICONTE
BHRREICIED, FRMREINBILT DI EHHS
NTW3, AR TIE. ZOHERIL/\A T RDXH
ZX L&, FEBERERVWTHASHIC U, FFiC
ThAZD#, (edge of chaos) DEEEMS. FNO
RHEDE—RYIDETCE>TEU 2 IBEHE - Hin
BOEFHZHSMNL, TN eEeR=1—-75)
FYRNT—=UDIRZDBEVWEHBLTWEZEZERL
feo ZUT. ZOBERICEDE, MIHEAL/INA 7 X
R 2HERALEEZTRRT 2Bt F
EERE U, ERICED. BREFEMNEEFNO
DRENBFEBZRICT DI EERR U,
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Combination of Evolution Strategy and Bayesian Optimization to Optimize Decision-making

in the Development of New Varieties

AMFRE T, BETHE. I obbsMnERREICS
I2EBREZRELTEIEZENE U, ITTOR
BRELF. FIZIEEDERFZERT 2D, FBRU
BEFERLZREY BFRIC. ZRREHBICH U TEDRER
HREFHZE DL TEL, WS ETH D, AAKRT
E FTBEBEYI AL~y a3V ERVWTEREEICED
{BESHE TRERMICEDREBNHREIMEHTE
Z0EFFME L ET FTREDELNENNRKRELRD
EOICKEHIE ICBDZ/INTA—YE BB T D, 2D
BEEHRRT NI WO TEHEFIMEOSVWEEREES
b, HICTHREEIE ZHENITRE TELSICHRD
e, AAROBEELFICHLSTHEFBOTRKEN
EWZ B,

SEEIR. LRZRBEICBEVWT KDEREIDEERE
RE(CFEORRICEDEAR., BEENICIE. BEMSD
ELIENBZEMZISAL. BEYI 2L —9ZM AR
HDELTEREU. BEIWMA T, ¥Y2aL—FD&ER
EEMATIRERE CEETDIET, Y3 aL—F 2D
AREREHETZENTEZ AAETIEEEYI 2
L —%%PyTorch A RIRE/R L TEREZET B &I kD,
FEEOFHBEDBEGINEEN DRI EL/ CTA—F IS
DAMBERZETERREICUfce 22T ARERECAEICE
DY THEREREAEEERET BHRIC. NEFRIRIED
HU B KIAE TIE. Gumbel-softmax BIz IiHA L
TBREBREALTZIETINERRUI, S5, 15
SNIcARIBHRZ DIENEIGHAT 2 & T RACH
DRBECDEIBICHINIUTc, #ER. il U RACEEE
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WZET FIZIERBEE R EEBHEDE LD TR
BRERBE{EH AIREICHRD C ENHARFFEIND, INIckD. B
BYIal—yavafBUCERREDRREARECE
2B E DD BEREEN S B,
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Symmetries of operator algebras and the construction of mathematical frameworks for

machine learning
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HD, MECIREE, TV—IILEHEMENDIHRHS
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LB VWRERRTHD., FIZIEHEROREICETS
BRIEITENTUES, FAIV 7 NOREICET 2 ER%E
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FERICERILTONTERICEENH D EEZITND,
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Logarithmic Hodge structure via tropical geometry

BRABZERAED—ZHRILIEE. FETFILFXT N
HMEAHRTH 2 EREUF LD Laurent ks LD E#
Ltk & M1 %, Nicaise—Xu—Yu (&, Kontsevich—
Soibelman DIRETICED E, BKR{LT S Calabi—Yau
LIRARDIET ILF AT XML A8 INE F RIS $ i
KEFTINERAWT, FETILFAT ANKMZICHITZSYZ
77147 L= a3y 0EBEBR L. IhiE. E7ILF
AT AT EEHI S, Ty I vILATILN Y ERE
NZWAEENDLRZ 723> THD, FEFILFXATR
MSYZ7 747 L—yaveliEnd, INIFEEET
HBEIIVEYIYVIATIVNVICHEENERT T V1
BEFEIDIN COLSICLTROND BT 71 Vg
l&. Gross—Siebert 7O Z Al WTh—U vy 7iR{b
NESBEINZHDEUNTHEENRLS, COERIC
SEE LT, Gross—Siebert 7O L EFETILF AT X
WSYZ7 74 7L — 3> OEOBRICDOVWTIHRZT>
fzo BARRIICIE. Calabi—YauTTE2RX XD ~—Y v 73E{b
DBEIC, FTILEAT ZANBINEEOTY YV vILR
TILR >N, Gross—Siebert 70472 LD 3 X E 1K
& RKPNET 71 0SB ELTBRICA—RENsZ
ExIRUTce el EFIFATAMNBIREB 2 OEA
WET2E/RE. NOEDILZHEAZRDMRRICETE
BROEHD. FETILEXTRAHSYZ 7717 L—>3viC
1252 'R UTco COIFETILFAT ANSYZ 7 74 TL—
¥ gvid. Nicaise—Xu—YulZL>TERINEDEIE
2D, EEBICHFESNIHENNEET 7 VB8
I&. Gross—Siebert 7OV ZLDHDE—HT %,

Ffe, LROFER% metric SYZFRICISAT 2R
Z{T>Tco metric SYZF L, SYZFRBZFHcHD
T, @& Calabi—Yau Z & AE D —ZEHIRAIB(LIE { X.)
IEXF LT, Bk Lagrange h— 2 A RDEEZ FD. X,
DEDEE U, DIE{U,}, T > 7T, U, D Calabi—Yau 3l
E =00 KR TX, £ D Calabi—Yau I E I N &R
ITE2ESBEDNEET S EZERT %, metric SYZ
FRAEDIIDIcHD+25MHELT Yang Lilc&>T
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B A S fccomparison property EMEENZEHDHEH
BN INEFR—EHRILIE(X,), 2. EREFLOTER
Laurent iR #E EORELRBEABUILEHDD, FET
ILEXT ZHMonge—Ampére AR EDBEDRT Y ¥+
WIEH T 2RBEBMAZNLGRETH D, BHILEERE
DEBEEARREDHFMIE T Calabi—YauTTE2R XD
A=y ZR(IEDZBEIC, WIHdTSNAE AL Monge—
Ampere SR OEN. O HILZERE D ambient D
Euclid ZZE LOMBEHDFIRICE>TEZSNBEE, T
@ comparison property B NDIIDZ &AL, &
3. Calabi—YauZE2RXDHEIT. metric SYZFAE
% ¥ < comparison property Z & 5 (Z, EuclidZE RN
DOOBEHICET2ERICIFESEICEDTHDEEZ S,
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HENEHSNTRD, Z0ORTHLBEERFZAVCE
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BLUOREETFEY NOYHEBZRELIZFEICD
WTHEDBATE, AARABICEALT, StEBEFZ—F7 7
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Graph Low-rank Decomposition
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Biologically plausible learning rule with a focus on invariance in dynamical systems
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1. Kento Nakamura, Tetsuya J. Kobayashi: “Gradient
sensing limit of an elongated cell with orientational
control”, Physical Review E, 110,064407 (2024)

O[IEEF K Oral Presentations

1.Kento Nakamura: “Optimal control of run-and-
tumble chemotaxis under sensory noise and its
biochemical implementation”, Theoretical Biology
Seminar, Kyoto, Japan, Aug. (2024).

@R A5 —%3K Poster Presentations

1.Kento Nakamura, Keita Endo, Hokto Kazama:
“Discriminability-preserving representational drift
with synaptic fluctuation”, HAMREEKFE R, 98
(2024)

2.Kento Nakamura, Keita Endo, Hokto Kazama:
“Synaptic fluctuation induces representational
drift while preserving discriminability”, Bernstein
Conference, Frankfurt am Main, Germany, Sep.
(2024)

3.Kento Nakamura, Keita Endo, Hokto Kazama:
“Synaptic fluctuation induces representational drift
while preserving discriminability”, RIKEN CBS
Annual Retreat, Gotemba, Japan, Nov. (2024)

4.Kento Nakamura, Keita Endo, Hokto Kazama:
“Synaptic fluctuation induces representational drift
while preserving discriminability”, RIKEN CBS Co-
Creation International Conference, Wako, Japan, Jan.
(2025)
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Revealing Type-I X-ray bursts from Low-energy nuclear physics and high-energy astronomy
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1. Hiroyuki Tajima, Yuta Sekino, Daisuke Inotani,
AKkira Dohi, Shigehiro Nagataki, and Tomoya Hayata,
"Non-Hermitian p-wave superfluid and effects of the
inelastic three-body loss in a one-dimensional spin-
polarized Fermi gas" Phys. Rev. Research 6, 023060
(2024).

2.Hajime Sotani, and Akira Dohi, "Gravitational wave
asteroseismology of accreting neutron stars in a
steady state” Accepted for publication in Physical
Review D

3.Akira Dohi, Nobuya Nishimura, Ryosuke Hirai,
Tomoshi Takeda, Wataru Iwatari, Toru Tamagawa,
Amira Aoyama, Teruaki Enoto, Satoko Iwata, Yo
Kato, Takao Kitaguchi, Tatehiro Mhira, Naoyuki
Ota, Takuya Takahashi, Sota Watanabe, and
Kaede Yamasaki, "Evidence of non-Solar elemental
composition in the clocked bursts from SRGA
J144459.2—-604207", accepted for publication in PAS]
Letter

4.Tomoshi Takeda, Toru Tamagawa, Teruaki Enoto,
Takao Kitaguchi, Yo Kato, Tatehiro Mihara, Wataru
Iwakiri, Masaki Numazawa, Naoyuki Ota, Sota
Watanabe, Arata Jujo, Amira Aoyama, Satoko Iwata,
Takuya Takahashi, Kaede Yamasaki, Chin-Ping
Hu, Hiromitsu Takahashi, Akira Dohi, Nobuya
Nishimura, Ryosuke Hirai, Yuto Yoshida, Hiroki Sato,
Syoki Hayashi, Yuanhui Zhou, Keisuke Uchiyama,
Hirokazu Odaka, Tsubasa Tamba, and Kentaro
Taniguchi "NinjaSat monitoring of Type-I X-ray
bursts from the clocked burster SRGA J144459.2—
604207", accepted for publication in PASJ Letter
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. Akira Dohi, "Modeling of Clocked X-ray Bursters ",
Theories of Astrophysical Big Bangs 2025, RIKEN,
Feb. 17-19

2. Akira Dohi, "An approach to constrain neutron-star

structure from Clocked bursters" Origin of Matter
and Galaxy 17 (OMEG17),CYNN HOTEL, Chengdu,
China, September 7-13, 2024.

3. Akira Dohi, "Modeling Type-I X-ray Bursters with

HERES", RIKEN Symposium on Evolution of Matter

in the Universe (r-EMU), RIKEN, June 5-7, 2024.

4. THERA. BAKE., BEEMA HEWZ. REER
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XXI11-009 Elucidating nucleon’s mass and spin structures

Name: Raza Sabbir SUFIAN
Host Laboratory : Computing Group

Description of research: Nearly all the mass of the
visible universe is contained within atomic nuclei,
with the mass of these atomic nuclei determined by
the mass of the nucleons (protons and neutrons).
Understanding the mechanism that generates ~
99% of nucleon’s mass due to interactions of nearly-
massless quarks and massless gluons remains as
one of the biggest challenges in physics. Another
question that has remained unresolved is how the
spin and orbital angular momenta of three valence
quarks, a sea of virtual quark- antiquark pairs, and
gluons conspire together to make up nucleon’s total
spin 1/2. While the origins of nucleon mass and spin
remain elusive, unraveling the processes that pertains
to the predominance of matter over antimatter in
the universe is also of fundamental importance.
Achieving precise determination of neutrino-nucleon
scattering cross sections is essential for elucidating
the behavioral difference between neutrinos and
antineutrinos in neutrino oscillation experiments,
which could hold the key to comprehending the origin
of matter-antimatter asymmetry in the universe.

To understand the nucleon spin puzzle, the first
lattice QCD calculation of gluon helicity parton
distribution function and gluon’s contribution
to nucleon spin was determined in Phys. Rev. D
108 (2023) 7, 074502. The research showed that
gluon’s contribution to proton spin is nonzero
and positive. The result of this publication was
confirmed afterwards in the most recent analysis of
the experimental data at the Relativistic Heavy-Ion
Collider (RHIC) at the Brookhaven National Lab.
Additionally, in collaboration with members at the
RIKEN-BNL Research Center, I have been extensively

RIKEN BNL Research Center
RIKEN Nishina Center for Accelerator-Based Science

Laboratory Head . Taku IZUBUCHI

working on the application of generative models
in machine learning to predict matrix elements at
large nucleon boost which is currently inaccessible
in lattice calculations. One significant advantage of
the generative machine learning is that it is no longer
limited to simply classifying data, it can generate
new data. These techniques of learning the deep
correlation in the existing lattice data and examining
the quantum correlations of boosted hadron at large
momenta followed by proper validations, will have a
significant impact on the prediction of lattice QCD
matrix elements outside currently accessible momenta
and facilitate determinations of various quantum
correlation functions.

Nuclear model buildings are essential to effectively
analyze the data of neutrino-nucleus scattering
cross sections, enabling the investigation of neutrino
oscillations. This task requires the direct incorporation
of scattering amplitudes at the nucleon level, especially
in the resonance and shallow in- elastic regions, which
are not well known theoretically or experimentally.
Gaining precise knowledge of the neutrino-nucleon
scattering cross-sections, which can be determined
from perturbatively calculable leptonic tensor and
nonperturbative hadronic tensor, is indispensable
for exploring charge-parity (CP) symmetry violation
in the leptonic sector. In the arXiv:2311.04206 (to be
published in Physical Review D), we presented the a
lattice QCD calculation of nucleon’s hadronic tensor
to determine the nucleon’s elastic and resonance
structures for the first time. This research also opens
an avenue for exploring neutrino-nucleon scattering
cross sections and essentially exploring CP violation
in the leptonic sector to investigate matter-antimatter



asymmetry in the universe.

In the support of RIKEN’s recent efforts towards
understanding physical phenomena using Quantum
Computing, in my most recent research in Phys.
Rev. Res. 6 (2024) 3, 033107, we introduced a novel
implementation of second order Trotterization for the
isotropic Heisenberg spin chain. This was also coupled
with precise measurements of staggered magnetization
expectation values across a substantial range of
qubits, reaching up to 100 qubits on the real quantum
devices. This achievement establishes the potential of
these quantum devices for investigating properties of
large-scale quantum systems. Given that any quantum
computing endeavor involves the implementation
of spin chain systems, the planned extensions of
this work will have significant implications for our
understanding of strongly coupled quantum many-
body systems and essentially lead towards realistic
quantum computing of nuclear physics systems.

@ Publications
Papers

1. G. de Teramond, A. Paul, S. Brodsky, A. Deur, H.
Dosch, T. Liu, Raza Sufian, The strong coupling
in the nonperturbative and near-perturbative
regimes (Under review in Physical Review Letters)
arXiv:2403.16126 [hep-ph]

@ Oral Presentations

Conferences

1.Raza Sufian, Inverse Problems and Uncertainty
Quantification in Nuclear Physics, Institute of
Nuclear Theory, University of Washington, July 2024:
Inverse problems in lattice QCD calculations of
hadron structures

2.Raza Sufian, EIC workshop, University of Tokyo, May
2024: EIC Physics from Lattice QCD: Origin of the
Nucleon Spin and Mass Structures

3. Raza Sufian, From Quarks and Gluons to the Internal
Dynamics of Hadrons, Center for Frontiers in
Nuclear Science, Stony Brook University, May 2024:
Gluonic structure of the proton from lattice QCD

XXIII-010 Structure and Spectroscopy of Hadrons from the Quark Model

Name: Ahmad Jafar ARIFI
Host Laboratory : Few-body Systems in PhysicsLaboratory

Hadrons, composite particles of quarks and gluons,
are governed by the strong interaction. While
Quantum Chromodynamics (QCD) serves as the
fundamental theory, the nonperturbative nature
of strong interactions at low energies necessitates
effective models to describe hadron structure.
The constituent quark model has been successful
in explaining various hadronic phenomena, but
many puzzles remain unresolved. Ongoing and
planned experiments worldwide aim to deepen our
understanding of hadrons and their internal structure.
At RIKEN, we focus on studying hadron structures
using quark models with various approaches.
Understanding the role of quark degrees of freedom
is crucial for revealing the structure of hadrons. This
year, our research covered mesons, baryons, and
nuclear matter, with some advancements in each area.
For mesons, we investigated the structure of ground-
state heavy mesons using single Gaussian ansatz
(SGA) and Gaussian expansion method (GEM)
wave functions in light-front quark model (LFQM).
By fitting mass spectra and decay constants, GEM
provided improved asymptotic behavior near (1-

RIKEN Nishina Center for Accelerator-Based Science
Laboratory Head : Emiko HIYAMA

x), consistent with perturbative QCD, and better
described power-law damping in the high-momentum
region. Additionally, GEM predicted faster fall-
off of electromagnetic form factors in the low-Q’
region, offering a more realistic description of meson
structures. We also explored radiative transitions in
pseudoscalar and vector charmonia, bottomonia, and
B. mesons, focusing on M1 transitions. Our study
demonstrated self-consistency in the model and our
results align with available experimental data and
lattice QCD, suggesting future experimental tests for
validation.

In nuclear matter, we combined LFQM with the quark-
meson coupling (QMC) model to study modifications
of meson structures in dense environments. This year,
we studied the modifications of electromagnetic form
factors (EMFFs) of light and heavy-light pseudoscalar
mesons in a nuclear medium. By combining the
LFQM with the quark-meson coupling (QMC)
model, we analyzed in-medium EMFFs and charge
radii of mesons with different quark flavors. Our
results showed that the EMFFs of charged mesons
decrease more rapidly with increasing nuclear density,



while neutral mesons increase. The charge radii of
mesons also grow with nuclear density, with the rate
depending on the mesons’ quark content. While pions
and kaons undergo significant modifications, heavy-
light mesons are only slightly affected.

In the baryon sector, we focused on the two-pion
emission decays of singly heavy baryons, analyzing
both sequential and direct decay processes. Using the
chiral quark model and chiral-partner scheme, we
estimated coupling constants and provided valuable
insights into the structure of heavy baryons. For
instance, our findings suggest that the A (2625)
is a A-mode excitation with J°= 3/2". Additionally,

the production of charmed baryons has been also
analyzed from the heavy-quark spin symmetry.

These efforts provide valuable insights into hadron
structures, bridging gaps in QCD phenomenology and
guiding future experimental and theoretical studies.
Our work continues to advance the understanding
of hadrons as bound states of quarks and gluons,
contributing to the broader field of particle physics.

@ Publications

Papers

1. Arifi A. J., Happ L, Ohno S., and Oka M. Structure of
heavy mesons in the light-front quark model. Phys.
Rev.D 110, 014020 (2024).

2.Ponkhuha N., Arifi A. J., Samart D. Two-pion
emission decays of negative parity singly heavy
baryons. Arxiv:2407.10063.

3.Ridwan M., Arifi A. J., Mart T. Self-consistent
M1 radiative transitions of excited Bc and heavy
quarkonia with different polarizations in the light-

front quark model. Arxiv:2409.13172.

4. Arifi A.J., Hutauruk P. T. P, Tsushima K. In-medium
electromagnetic form factors of pseudoscalar mesons
from the quark model. Arxiv: 2412.09883.

5.Monkata N., Sawasdipol P., Ponkhuha N.,
Suntharawirat R., Arifi A. J., and Samart D. Heavy-
quark spin symmetry violation effects in charmed
baryon production. Arxiv: 2412.18280.

@ Oral Presentations

1. Arifi A. J.: “Self-consistent light-front quark model
analysis of meson structure” The 23rd International
Conference on Few-Body Problems in Physics (FB23).
Beijing, China 2024, Sep 22-27.

2. Arifi A. J.: “Structure and properties of mesons in
light-front quark model” International workshop on
J-PARC hadron physics 2024. Ibaraki, Japan 2024,
July 23-25.

3. Arifi A. J.: “Light-front quark model analysis of
hadron structure” Workshop on Universality of
Strongly Correlated Few-body and Many-body
Quantum Systems. Sendali, Japan 2024, Sep 3-6.

4. Arifi A. J.: "Recent development in hadron structure
using the light-front quark model” International
Conference for Particles and Radiation (ICPR 2024).
Manila, The Philippines 2024, Oct 17-19.

5.Arifi A. J.: “M1 radiative decays in light-front
quark model” Research Center for Accelerator and
Radioisotope Science (RARIS) Workshop. Sendai,
Japan 2024, Nov 20-21.

6. Arifi A. J.: “Two-pion emission decays of singly heavy
baryons” East Asian Workshop on Exotic Hadrons
2024. Nanjing, China 2024, Dec 8-11.

XXII-011 Universality in atomic and nuclear few-body systems

Name: Lucas Michael Carlo HAPP
Host Laboratory . Few-body Systems in Physics Laboratory

Universality is an interesting concept in few-body
physics, which can occur when quantum mechanical
interactions support a nearly resonant state (very
weakly bound or just unbound). In this scenario,
physical properties of few-body systems depend only
on a small set of low-energy parameters, offering a
common description across various systems as e.g.
for nuclear physics or ultracold atoms. Especially in
systems of cold atoms, the resulting three-body states
are however often not true bound states but resonant
states, which are characterized by a finite lifetime,
since they can decay or break up into their constituent

RIKEN Nishina Center for Accelerator-Based Science
Laboratory Head . Emiko HIYAMA

subsystems.

In the past fiscal year, I have deepened the analysis
of such three-body resonances which I started in my
first SPDR vyear. In particular, I constructed a simple
two-channel model which captures the essence of
the transition before and after break-up. This allowed
me to understand the underlying mechanism that
can protect the system against such a spontaneous
decay. Moreover, by identifying that this stabilization
can be achieved by tuning accessible parameters
(e.g. an external magnetic field) I was able to greatly
improve the relevance of my theory for experimental



realizations.

In addition, I continued to collaborate with my
colleague on his main field of research in hadron
physics. Here, we studied the structure of heavy
mesons within the light-front quark model and
unveiled the relevance of relativistic approaches.

@ Publications

Papers

1. Arifi A.J., Happ L., Ohno S. and Oka M.: Structure
of heavy mesons in the light-front quark model. Phys.
Rev. D 110, 014020 (2024)"

2.Schnurrenberger T., Happ L. and Efremov M.:
Borromean states in a one-dimensional three-body
system. Phys. Rev. Res. 7, 013090 (2025)*

3.L. Happ and P. Naidon: Stabilization of three-
body resonances to bound states in a continuum,
arxiv:2503:02037

@ Oral Presentations
Conferences
1.Happ L. “Dependence of three-body resonance

lifetimes on the mass ratio and dimensionality”,
Ultracold Atoms Japan 2024, Onna Japan 2024, April
09-12

2.Happ L. “Mass Ratio Dependence of Three-Body
Resonance Lifetimes in 1D and 3D", APS DAMOP
Meeting 2024, Fort Worth USA 2024, June 03-07

3.Happ L. “Lifetimes of three-body resonances”, UQS-
Tohoku-2024, Sendai Japan, August 26- September 27

4. Happ L. “Lifetimes of three-body resonances:
dimensionality and mass ratio”, UQS-Tohoku-2024
Conference, Sendai Japan, September 04-05

5.Happ L. “Lifetimes of three-body resonances:
dimensionality and mass ratio”, International school
of nuclear physics, Erice Italy, September 16-22

6.Happ L. “Lifetimes of three-body resonances:
dimensionality and mass ratio”, International
conference on few-body problems in physics FB23,
Beijing China 2024, September 22-27

7. Happ L. “Stabilization of three-body resonances to
bound states in a continuum’, 4th Franco-Japanese
workshop on Few-body Problems in Physics from
Atoms to Quarks, Caen France 2025, March 03-07

XXI-012 Testing Strong Gravity with Black Holes: Gravitational Waves and

Shadows

Name: Che-Yu CHEN

Host Laboratory . Interdisciplinary Mathematical Sciences Program
RIKEN Interdisciplinary Theoretical and Mathematical Sciences Program

Laboratory Head

The recent advancements of gravitational wave
detection and black hole imaging technologies allow
us to probe strong gravity regimes around black holes.
In particular, we can test whether the black holes in
our universe are really described by the Kerr geometry
in General Relativity, i.e., we can test the Kerr black
hole hypothesis.

One particularly important property of black holes
is that they are covered by an event horizon, which
defines a spacetime boundary from which nothing
can escape. However, quantum gravitational
corrections may possess horizon scales, and may even
avoid the formation of event horizon itself, leading
to the models of horizonless compact objects. This
year, we worked on a project of imaging horizonless
compact objects. The compact objects in the model
are extremely compact in the sense that they have
a surface very close to the would-be event horizon.
However, there is no event horizon, so light rays can
propagate through the objects and may eventually
escape and be observed. We found that these
penetrating light rays may generate a set of inner light

. Tetsuo HATSUDA

rings on the shadow images when the compact objects
are lit up by surrounding light sources. However,
if the compact objects have very strong inner
redshifts, these inner light rings can be darkened
because of the delay of arrival of these light rays in a
reasonable observational timescale. This implies that a
horizonless compact object may cast an image that is
very close to a classical black hole.

Another feature of Kerr black holes is the equatorial
reflection symmetry. This year, we identified the
unique observational feature when a black hole
breaks its reflection symmetry. In particular, the
morphology of the Keplerian disk may cast a concave
dent at the inner part of its approaching side. This
is due to the fact that the light rays and the disk are
shifted in a way that they miss each other due to the
reflection asymmetry. Such a concave dent on the disk
morphology can cause a shift of the blue horns on the
line profiles.

@ Publications
Original Papers



1.Chen Che-Yu, Yokokura Yuki: Imaging a semi-
classical horizonless compact object with strong
gravity, Phys. Rev. D 109 (2024) 10, 104058*

2.Chen Che-Yu, De Felice Antonio and Tsujikawa
Shinji: Linear stability of vector Horndeski black
holes, JCAP 07 (2024) 022*

3.Chen Che-Yu, Pu Hung-Yi: Observational features
of reflection asymmetric black holes, JCAP 09 (2024)
043*

@ Oral Presentations

Conferences

1. Chen Che-Yu: Resonant orbits and chaos of rotating
black holes beyond circularity, GC2024, Kyoto,
February (2024)

2.Chen Che-Yu: Imaging a semi-classical horizonless
compact object with strong redshift, KPS meeting

(online), April (2024)

3.Chen Che-Yu: Imaging a semiclassical horizonless
compact object: Darkening effect through inner
redshifts, JGRG33, Osaka, December (2024)

Seminars

1. Chen Che-Yu: Observational features of black holes
without equatorial reflection symmetry, Rikkyo U.,,
March (2024)

2.Chen Che-Yu: Observational features of black holes
without equatorial reflection symmetry, RESCEU
seminar (online), June (2024)

3. Chen Che-Yu: Testing the Kerr black hole hypothesis,
National Central U., Taoyuan, Taiwan, December
(2024)

4.Chen Che-Yu: Is black hole spectroscopy reliable
in testing GR?, Academia Sinica, Taipei, Taiwan,
December (2024)
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High-Precision Determination of Nuclear Radius via Muonic X Ray Spectroscopy
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1.Saito T. Y., et al., “Application of Hard X-Ray
and Gamma-Ray TES Microcalorimeter at
Accelerator Facility”, IEEE Transactions on Applied
Superconductivity, in print

2.Go S, et al,, “Demonstration of nuclear gamma-ray
polarimetry based on a multi-layer CdTe Compton
camera’, Scientific Reports, volume 14 2573 (2024)

3.Mizuno R., et al., “Development of wide range photon
detection system for muonic X-ray spectroscopy”
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Nuclear Instrument and Methods A, volume 1060,
169029 (2024)

4.Koyama S., et al., “Mirror symmetry at far edges of
stability: The cases of °C and "He”, Physical Review C,
109, L031301 (2024)
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Shell model study of heavy nuclei for probing CP violation beyond the standard model
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Energetic Interactions Between Stars and the Diversity of Massive Stellar Evolution
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Study of gluon orbital angular momentum using photon-jet pair production
from a transversely polarized proton-proton collision

IA—=D - T —F> (B T—IY) LRILTD
B FDOAEBEEDHEIFI960ERNSHKITSNTHD.,
RETIEIRTOMBYEBEEMICH T2 HEE®
BFAE I— Y AEUADEREFEDBEA IR S

ARERS @ X TR Genki NUKAZUKA
RAMEE | CRUIESRZPMEEY 5 —
RHIC#EBRR=E
(FFBR ME R

nTWs, BFEEMROREERETH DG FALY
DD E=BET ZTcHICIFTIL—F > DEEEERZ
RETDDENHZD RERZOFESIHSHTIE
BWe KR TETAVS - TILy INT VEILARFR



@ Relativistic Heavy lon Collider (RHIC) hl#E 25 &
2023F N 5B B Z B - SPHENIX & H B Z FAWLWTHE
RIBETF - BFERICLDERINDLF -V v g%z
AL, BFAEVICN I 2ABEDHDIENIREZRD,
T —A VBRSO ERZRET 5.

REZEISEEDSPHENIXT—FZNEICHWT
Intermediate Silicon Tracker (INTT) DARL—3
VERERIETEERIE . 2023F TV DR TH#IT
PNIEMVTXEREEE. TPCREEEDAY T F YV RITH
SINTTHALUEBOEDHU Do, 20245F 35 H
HUEBREZHOREL. By NPy TZEBEIZED
S5 BTc, 7 IL—TDIEEEDTRREVNDHBED
FREWSROSNIAFERBEObETEY NV B
REFETANZRETSE, BERHICEREICHEICED
BBIENTE 4AD SHERBRE T - BTFERI A
D, WEZFRHARRELPZEZEWTINTTOHER
BERETolc. REBFECTHIHAHLIIZIVID
RBE{LZSAXRICTE T UBAN 5Id sPHENIX & H RS
TRENICT—YERULIZU O,

INTT ([TIFZEER IR N Y H—BREI D fth (BT A+ H U
IC&BBEHRE—RNH B, INIENIA—ZERET, &
REOT—9ZNETZFETHD, NIH—RECLL
NTPWET— Y EZRENICEBYL T ENTES 0.
ENFETHERRINSERRHL, NIA-FEHeRE<
ER2BEBBOLOBREBOELZRS77—LAVT
TOEBZBHEEL, AREG CRESFOREMEPINE
LicT—9 DERNRAIR TH 5. £HFRE T > TH
BUT—YORERITIEREICEM T MRHIE & DIEE
PEAURFESEICINTTOXYID BRI T DRINE AL
EISREBLANILOSHELRNILETOHSDZHEE
BEEZROICTV, ERFHAHUE-RTDINTTO
Bz 8ANS@ER U,

9A30HICERBIEG T - B FERDOT—YINEZTT
U T—YOBIICEDEATNS, REFHKF-T v
ManyzyhcEBL., EEBENHOER CHOU—
A—=ZNIA—DNT A=YV ZADRE. EVTHILOY
2al—YavOREREDUBBREZTOTWNS,

@:5_EH K Publications

(REF)

1.Jalal N. A., ..., Nukazuka G. et al.: "Centrality
dependence of Lévy-stable two-pion Bose-Einstein

correlations in Vdw = 200 GeV Au+Au collisions”,
Phys. Rev. C 110 064909(2024)

2.Jalal N. A, ..., Nukazuka G. et al.: "Jet modification
via n’-hadron correlations in Au+Au collisions at
VSxv = 200 GeV", Phys. Rev. C 110 044901(2024)

3.Guennadi D. A., ..., Nukazuka G. et al.: "High-
Statistics Measurement of Collins and Sivers
Asymmetries for Transversely Polarized Deuterons",
Phys. Rev. Lett. 133 101903(2024)

4.Guennadi D. A,, ..., Nukazuka G. et al.: "Final
COMPASS Results on the Transverse-Spin-
Dependent Azimuthal Asymmetries in the Pion-
Induced Drell-Yan Process”, Phys. Rev. Lett. 133
071902 (2024)

5.Jalal N. A, ..., Nukazuka G. et al.: "Identified charged-
hadron production in p+Al, *He+Au, and Cu+Au
collisions at VSxy = 200 GeV and in U+U collisions at
VSux = 193GeV", Phys. Rev. C 109 054910(2024)

6.Nukazuka G for on behalf of the sSPHENIX
Collaboration: “sPHENIX overview”, Proceedings of
the 58" Rencontres de Moriond (2024) (accepted).

O®[I5EH K Oral Presentations

L#RIRTTR, it sSPHENIX Collaboration: “sPHENIX
Cold-QCD AV ZL", BAYEER 2024 FHFK
2, 4YZ1>,3 B (2024) .

2.(Invited) Nukazuka G. for the sPHENIX
Collaboration: “sPHENIX overview”, 58" Rencontres
de Moriond 2024, La Thuile, Italy, April (2024).

3.(Invited) Nukazuka G.: “Prospects with the
sPHENIX", 2024 RHIC/AGS ANNUAL USERS’
MEETING, New York, USA, June (2024).

LR TTR, WERe, HAESE, EERE, MES
tH, IOMARIR, FtpER, AEER, REEK, THE
iR, HImBETF, P, RAIIEB—, B8R, BRE
£, HFEXER "RHIC RiBEGF - GFEHECE TS
sPHENIX Intermediate Silicon Tracker D PAEEEM &
R, BAYEBZRE 7901F R A%, LEEALIE,
9H(2024) .

5.G. Nukazuka for the sSPHENIX Collaboration:
“Measurement of dE;/dn Au+Au collisions at 200
GeV with sSPHENIX at RHIC”, The 12th International
Conference on Hard and Electromagnetic Probes of
High-Energy Nuclear Collisions, Nagasaki, Japan,
September (2024).

6. (Invited) G. Nukazuka: “Measurements of Sivers
function at fixed target experiment and colliders”,
Early Career EPIC Collaboration Seminar Series,
Online, October (2024).

7. (Invited) G. Nukazuka on behalf of the INTT
Collaboration: “Streaming Experience with sSPHENIX
INTT", Streaming Readout Workshop SRO-XII,
Tokyo, Japan, December (2024)



XXII-017 Nitrogen-bearing Organic Molecules as a Probe to Study Interstellar

Nitrogen Chemistry

Name: Shaoshan ZENG

Host Laboratory: Star and Planet Formation Laboratory

The project aims to establish the chemical inventory
of nitrogen-bearing complex organic molecules
across the Galaxy and determine whether and how
their presence, complexity, and abundance vary with
different physical conditions. To achieve the goals, we
have taken two different approaches: constraining the
physical environments where the detected molecules
reside and searching for new molecular species. By
taking part the ALMA CMZ Exploration Survey
(ACES) large program, we are able to gain access
to observational data mapping the whole central
molecular zone in our Galactic Centre with high
resolution and high sensitivity. The present study
has targeted the Sgr B2 region and worked on the
data analysis which will help to study the kinematic
and morphology of the molecular cloud G+0.693-
0.027 that is known to be one of the richest molecular
repositories in the interstellar medium (ISM). Several
molecular species that are considered as density,
temperature, and shock tracers detected in the data
have been used to constrain the physical conditions of
the molecular cloud. The results are not only essential
to understand the molecular excitation conditions
and abundances but also hitting the formation
mechanism in the region. Furthermore, laboratory
measured spectroscopy by SUMIRE was utilised
in combination with observational ALMA data to
determine the methanol deuteration in low-mass
protostar V883 Orionis in the Galactic disc. Such
practise has demonstrated the importance of accurate
and precise spectroscopic data for astronomical study
of molecules. Since methanol is considered to be a
parent molecule for more complex organic molecules,
determining accurately its abundance is critical to be
compared with other molecular species.

On the other hand, new observational data have been
taking towards various astronomical sources to search
for nitrogen molecular species. Towards Galactic
Centre molecular cloud G+0.693-0.027, numbers of
first detections in the ISM have been reported. With
the new data, we have included more transitions
of the same species with better signal to noise level
so that the tentative detection can be confirmed
and detection become more robust. Besides the
Galactic Centre, participating the Complex Organic
Molecules in Protostars with ALMA Spectral Surveys
(COMPASS) large program allows us to search for

RIKEN Cluster for Pioneering Research
Laboratory Head : Nami SAKAI

nitrogen-bearing organic species a sample of 11 low-
mass protostars through unbiased spectral surveys.
This study complements to the results obtained from
the Galactic Centre and provides better constraints
for physicochemical modelling and laboratory
experiments adapted for different environments.
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A guiding principle of search and detection for topological superconductors
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Development of Ab initio Effective Model Calculation Methods Using Symmetry-Adapted

Multipole Basis and its Application
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Development of Chiral Quantum Network Using Acoustic Microring Resonators
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XXIl-021 Nonlinear responses, band geometry, and supersolids in density wave

systems

Name: Yingming XIE

Host Laboratory: Strong Correlation Theory Research Group

In the year 2024, I mostly focus on studying density
wave physics, and have completed three projects
related to this topic. In the first project, we aimed to
understand the nonreciprocal nonlinear responses
in moving charge density waves (CDWs). The
incommensurate CDWs can exhibit steady motion
in the flow limit after depinning, behaving as a
nonequilibrium system with time-dependent states.
Since the moving CDW, like an electric current,
breaks both time-reversal and inversion symmetries,
one may speculate the emergence of nonreciprocal
nonlinear responses from such motion. Following
the principle of Galilean relativity, we resolve this
time-dependent hard problem in the lab frame by
mapping the system to the comoving frame with static
CDW states through the Galilean transformation.
We explicitly show that the nonreciprocal nonlinear
responses would be generated by the movement of
CDW states through violating Galilean relativity.
This work has now been published on npj Quantum
Materials 9, 82 (2024).

In the second project, we aimed to study how the
phase shifts, band geometry interplay and results
intriguing properties in triple-Q density waves.
In this project, we systematically investigate the
significant effects stemming from both triple-Q CDW
and spin density waves (SDW) order parameters,
with particular emphasis on potential phase shifts.
We demonstrate that these phase shifts play a crucial
role in influencing the interference effects of triple-Q
density waves on electronic states. Due to such
interference, the band geometry in the momentum
space becomes nontrivial at the hot spots, where
multiband Dirac-like fermions are induced near the
Fermi energy. Furthermore, we explicitly establish

RIKEN Center for Emergent Matter Science
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that the nontrivial band geometry, combined with
symmetry-breaking induced by phase shifts, leads to
a variety of intriguing linear and nonlinear responses.
This work has now been published on Phys. Rev. B
110, L241108 (2024).

In the third project, we aimed to understand the
supersolids in quasi-one-dimensional systems. The
supersolid is a long-sought phase in condensed
matter physics, characterized by the coexistence of
density wave and superfluid orders. In this project,
we investigate the emergence of supersolids in
Luttinger-Emery liquids using a variational method.
As the system consists of coupled Luttinger-Emery
liquid chains, we refer to this phase as a quasi-one-
dimensional supersolid. Notably, we demonstrate
that the quasi-one-dimensional supersolid phase is
energetically favorable in chains with finite size or
short-range order. Furthermore, we investigate the
collective dynamics of these coexisting charge density
waves and superconducting states, identifying a
quasi-Goldstone mode. Our theory provides valuable
insights into both the ground state and the dynamic
properties of supersolids in strongly correlated
systems. This work has now been posted on Arxiv.
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Development of Quantum Algorithms for Finite Temperature Simulations Using Generalized

Ensembles
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XXII-023 Materials Design of High-Temperature Superconductors and Quantum

Spin Liquids from a Machine Learning Multiscale First-Principles

Approach

Name: Jean-Baptiste Pierre Guy MOREE
Host Laboratory . First-Principles Materials Science Research Team

Achieving superconductivity at room temperature and
normal pressure remains one of the biggest challenges
in condensed matter physics. Success in this area has
the potential to revolutionize technology, leading to
numerous applications that could impact daily life.
Despite significant progress in both experimental and
theoretical research over the past decades, the precise
microscopic mechanism behind high-temperature
superconductivity remains unclear. Uncovering
this mechanism is a crucial step toward designing
new superconducting materials that function near
standard conditions.

This project focuses on uncovering the microscopic
principles behind high-temperature superconductivity
by utilizing first-principles calculations as a guiding
tool. We concentrate specifically on copper oxides,
known as cuprates, that are hole-doped. These
materials are ideal for examining how different
material compositions affect the experimentally
observed superconducting transition temperatures.
At standard pressure, cuprates hold the record for
the highest transition temperatures, reaching up to
approximately 138 Kelvin, with a range that varies
significantly from about 10 Kelvin to 138 Kelvin.

To model superconductivity in these copper oxides,
we employ a cutting-edge multiscale computational
method designed to address the behavior of correlated
electrons. This approach reduces the crystal structure
of the copper oxide to a square lattice formed by
copper atoms in the CuO, plane. Within this square
lattice, the electrons experience strong interactions
that are crucial to the superconducting properties.
These electronic interactions are described by solving
a low-energy effective Hamiltonian, which captures
the essential physics of the system. The parameters
of this Hamiltonian depend on the material and are
computed directly from first-principles calculations.
The initial phase of this study aims to predict the
superconducting transition temperature based on the
parameters of the low-energy effective Hamiltonian.
We have successfully established a link between the
experimentally observed transition temperature and
the calculated parameters. This relation was then used
to predict how the transition temperature varies with

RIKEN Center for Emergent Matter Science
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pressure in the compound HgBa,Ca,Cu;0,. Under
standard conditions, this material has a transition
temperature close to 138 Kelvin, which increases to
about 164 Kelvin when subjected to higher pressure.
This prediction was made possible by computing how
the Hamiltonian parameters change with pressure.
The second phase of the project involves predicting
how the chemical composition influences the
parameters of the low-energy effective Hamiltonian
in cuprates. To develop new high-temperature
superconductors, understanding these chemical
dependencies is essential. We address this challenge
by combining our multiscale computational approach
with machine learning techniques. Specifically,
we developed a machine learning algorithm that
produces transparent relationships between physical
quantities, such as how the Hamiltonian parameters
depend on the chemical properties of the material,
like radii and charges of ions in the block layer
between two CuO, planes. This algorithm, applied
to a training set of 36 different cuprates, reveals how
changes in chemical variables can be used to adjust
the Hamiltonian parameters. Its predictions are
consistent with established experimental data, offering
valuable insights for designing new materials. Beyond
superconductivity, the versatility of this algorithm
makes it applicable to a wide range of other physical
systems, providing a new approach to material
discovery and design.
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XXIll-024 Resolving the Water Paradox: Thermally Driven Water Dynamics in
Polyester Microdroplet Protocells for Peptide Bond Formation

Name: Chen CHEN

Host Laboratory ! Biofunctional Catalyst Research Team

Membranless droplets formed through liquid-liquid
phase separation (LLPS) offer promising models for
protocells, the precursors to modern cells. However,
the structures and functions of primitive LLPS
protocells remain largely unexplored. Recently,
polyester droplets formed by the dehydration of
hydroxy acid monomers have been proposed as
candidate membraneless LLPS protocells that may
have existed on early Earth. This research proposes
to investigate the assembly, structure, and stability
of these polyester droplets, focusing on their unique
approach to address the “water paradox”, where water,
though essential for life, simultaneously inhibits
polymerization reactions and degrades biomolecules.
Furthermore, these droplets, functioning as
microreactors subject to temperature fluctuations,
can facilitate peptide bond formation. By elucidating
how these membraneless droplets enable biomolecule
synthesis in aqueous conditions, our research aims
to offer new insights into the origins of cellular life
and its evolution towards modern cells (Figure 1).
Currently, we have successfully conducted polyester
dehydration synthesis and demonstrated droplet
assembly upon rehydration. Additionally, we have
explored peptide bond formation by incorporating
amino acid-like monomers to induce dehydration
reactions at elevated temperatures. Micro-Raman
mapping has been employed to analyze the spatial
distribution of these monomers, revealing that

RIKEN Center for Sustainable Resource Science
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their concentration within individual droplets
can increase by several orders of magnitude. At
present, we are leveraging Raman spectroscopy to
detect characteristic amide bonds within polyester
microdroplets under high-temperature conditions.
This analysis aims to confirm the occurrence of
thermally-driven dehydration synthesis and to

Non-Life Non-Life/Life

Figure 1. Cellular non-life/life transition.

elucidate the conditions under which early peptide-
like structures may have formed in prebiotic
environments. This phase of the research is being
conducted in collaboration with researchers both
inside and outside RIKEN, enabling a comprehensive
analysis.
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XXI-025 Transformation of Dinitrogen into Nitrogen-Containing Organic

Compounds by Metal Hydride Complexes

Name: Xjaoxi ZHOU

Host Laboratory: Organometallic Chemistry Laboratory

Investigating the reactions of well-defined metal
hydride complexes at the molecular level is of both
fundamental interest and practical significance due
to their relevance to industrial processes such as the
Haber-Bosch process and petroleum refining. In this
research, we focused on studying the reactivity of two
types of titanium hydride complexes: the PNP-ligated
binuclear titanium tetrahydride complex [(*"'PNP)
Til,(H)(u,-H), (1) (“"PNP = 4,5-bis(diisopropyl-
phosphino)-2,7,9,9-tetramethyl-9H-acridin-
10-ide) and the Cp’-ligated trinuclear titanium
heptahydride complex [(Cp’Ti),(u;-H)(u-H)4] (2) (Cp’
= C;Me,SiMe;). Their performance was evaluated in
hydrodenitrogenation (HDN, an essential process
in petroleum refining) and in the activation and
functionalization of dinitrogen (N,) with carbon-
based reagents.

Both the two titanium hydride complexes exhibit
remarkable reactivity in the denitrogenation
of pyridines. For the PNP-ligated binuclear
titanium tetrahydride complex 1, we discovered an
unprecedented denitrogenative ring-contraction
reaction. Reaction of pyridine with 1 under mild
conditions yielded a cyclopentadienyl/nitride
complex 3, where two titanium atoms are bridged
by a nitride group, and one titanium atom is bonded
to a cyclopentadienyl group derived from the
denitrogenation and ring-contraction of pyridine.
Mechanistic insights were obtained through isolation
of key intermediates and density functional theory
(DFT) calculations, revealing a stepwise pathway
involving pyridine coordination, H, release, C=N
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reduction, C-N bond cleavage (ring-opening and
denitrogenation), and C-C coupling (ring-closing).
Notably, C-H activation in an isopropyl group of
the PNP ligand contributed to stabilizing the ring-
contracted product. This work provides unprecedented
mechanistic insights into the denitrogenation of
aromatic N-heterocycles and represents a novel
example of skeletal editing of such compounds. For the
Cp’-ligated trinuclear titanium heptahydride complex
2, we discovered the first example of denitrogenative
C-C bond cleavage and rearrangement of pyridines.
This process revealed novel C-C bond cleavage
pathways and skeletal rearrangements of pyridines
during denitrogenation. This study offers fresh
perspectives on hydrodenitrogenation reactions at the
molecular level.

We found that both metal hydride complexes exhibit
unique reactivity in activating and functionalizing
N, with carbon-based reagents such as isocyanides
and alkenes, in collaboration with other researchers
in our laboratory. For the PNP-ligated binuclear
titanium tetrahydride complex 1, we achieved
the first example of N, cleavage and selective
multicoupling with isocyanides within its dititanium
framework. Meanwhile, for the Cp’-ligated trinuclear
titanium heptahydride complex 2, we demonstrated
hydroamination of simple alkenes with N in its
trititanium framework. This reaction enabled
simultaneous activation of alkenes and N,, leading
to selective C-N bond formation and the production
of alkyl amines upon subsequent hydrogenation and
protonation.
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XXI1-026 Study on Electrochemical Interface Determining the Selective Oxygen

Evolution Reaction in Acidic Seawater Conditions

Name: Taejung LIM

Host Laboratory . Biofunctional Catalyst Research Team

Proton exchange-membrane water electrolysis
(PEMWE) is one of the mature techniques to generate
H, as the cleanest alternative to fossil fuels because
of the zero-carbon emission during the H, cycle.
The O, evolution reaction (OER) is a key reaction to
compensate for electrons consumed to generate H,.
When considering low-grade water, such as reverse
osmosis (RO) filtrate, as a source of PEMWE, the
remaining Cl” impurity in acidic conditions provokes
the parasitic Cl, evolution reaction (CER), corrodes
electrolyzer compartments and wastes electricity.
Moreover, the relationship between OER and CER has
been understood following the scaling relationship,
that is, an electrocatalyst that easily catalyzes OER
can also be highly active for CER and vice versa.
This is because the two reactions share common
intermediates, indicating difficulty in controlling
selectivity by material modification alone. This
research aims to study the electrochemical interface
to circumvent the OER/CER scaling relationship and
further suggests the fundamentals for developing
advanced PEMWE using low-grade water. The
simplest way to control the electrochemical interface
is by changing the ion compositions of electrolyte.
The effect of spectator cations on the mass transport
of reactants has been rarely studied compared to the
electron transfer kinetics.

In this fiscal year, we demonstrated that alkali
metal cations can modulate the diffusion coefficient
of chloride ions, enabling suppression of chlorine
evolution during water electrolysis at diffusion-
limiting conditions (>100 mA cm ). Evidence for the
cation-dependent diffusion coefficient is provided
by non-zero intercepts in both Levich and modified
Koutecky—-Levich plots using a rotating ring disk
electrode, indicating the presence of an additional,
cation-dependent diffusion layer that suppresses
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chloride diffusion. Numerical simulations based
on the double diffusion model quantify this effect,
resulting in a linear correlation between the cation-
dependent diffusion barrier and the structural entropy
of cation hydration. Among the cations examined
here, the strength of the diffusion barriers was found
to be in the order of LiCI>NaCI>HCI>KCI>CsCl and
exhibited clear linearity with the structural entropy of
hydration (AstrucS) for each cation. This result indicates
that the rigid hydrogen bond network in the presence
of Li" and Na' decreases the Cl diffusion coeflicients
within the cation-dependent layer (D) due to their
negative AsrucS. On the contrary, Cs" and K' have
positive AsrucS, indicating that the hydrogen bond
network is disrupted, leading to an increase of D;.
Given that diffusion is independent of the specific
reactant-catalyst combination, ion-dependent reactant
diffusion is also applicable to other electrochemical
reactions having issues with ionic impurities, and thus
may promote the development of efficient low-grade
water electrolysis.
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Development of Hydride-ion Conductors with New Crystal Structural Family
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TOH EEREEFEEEHIBDH TEWZ6H, FHRY
BOREINKDHESNTWD, fﬁfc_wckati'l’_{fé%%’)
FBERH BERZEVRFEMHZ6EERR L.
SULET/I\A ADEmIAR & b’cwmﬁﬁ%@ﬁb’cméo

@zt F %3 Publications

1. Fumitaka Takeiri, Keiko Kusumoto, Kosuke Kawai,

MREKXE | KO E  Hiroshi YAGUCHI

RAMRE : BRI
INVREIER L EI R E
(FRER /W %88)

Hiroshi Yaguchi, Takashi Saito, Kazuhiro Mori,
Saburo Hosokawa, Masashi Okubo, and Genki
Kobayashi, Li,NbHO,: a new transition-metal
oxyhydride with rock-salt-type structure, Chem.
Commun., 60, 14388-14390(2024)*

2.Yuvraj Vaishnav, Rohit K Rai, Walid Al Maksoud,
Fumitaka Takeiri, Shusaku Hayama, Hiroshi
Yaguchi, Samy Ould-Chikh, Marcell Toth, Raza
Ullah Shah Bacha, Bambar Davaasuren, Maxim
Avdeev, Genki Kobayashi, and Yoji Kobayashi,
Selective Hydride Interstitials Induced in a High-
Entropy LanthanideOxyhydride, Chem. Mater., 36,
10504—10513(2024)*

O[15EH X Oral Presentations

LEXOE, A, BEas, &L, THET, §AF
i, JLEFINER, /\FAZER, Ba-Sr-Li REEKFLYIDE
FEBREBEMUREEERNURAAVEER 7 VEZTER
TINA ZNDISA, B50EIE -1 A4 =0 X5tiws, KR,
2024/12/10

2.RKOB, BEET AV EEVDOA AV EEEERIEE,
HAtLZIvIZAHE BI7EAMEIVRI VA, &E
B, 2024/09/12

3.0, IN\PAX8S, Ba, ,LiH,,0,, R H EE XD FH
REREMNRE, BBEEEFIAZIREIF—, T,
2024/09/03

4. ROE, @A, BEEas, 15, TTALRE, I\
%58, Ba-Li RBARLYOESEELZELLELRNURN
BEM, HEMRKASHE204EEESKS, B,
2024/05/23

@RAY—FF&K Poster Presentations

1. Hiroshi Yaguchi, Kei Okamoto, Fumitaka Takeiri,
Genki Kobayashi, Stabilization of a hydride
superionic conducting phase via cation substitution
in Ba-Li based oxyhydride, PRiME 2024, Honolulu
(State of Hawaii), 2024/10/09.

2.Hiroshi Yaguchi, Kei Okamoto, Fumitaka Takeiri,
Genki Kobayashi, High Temperature Phase
Stabilization and Hydride Conductivity of Ba-Li
based Oxyhydride, Nantes (France), 2024/03/11
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Kifi ETOEK

Janus Biscarbene Enabled on-surface Synthesis of Aligned Lanthanide Single Molecule

Magnets

AR TIE/NILI TOBRD FHAKRGTOIEHZSE
ICULT /IREZAN-~AFOBRAILARY (NHC) EWS
BRI TFEIVI/ARRFEIER, ER EICEZEE
B3PI LT ERKELTERE BHTHAEER
$EHEZBEELTVWS,

KEEL, BRREFLICrY 7OEILEZ#FD tert-
TFIEEZSDODNHCEMEICE ORNME X HILA
Y (NHC™, NHC™) @ Au (111) & Ag (111) ETD
FERANICELT KEBEEZEEE N RIVEMIE
(LT-UHV-STM) & fi@ ¢ ik 77 IR AN i 36 455 X AR W AR 445 4
B 2RI ML (NEXAFS) BIEIC & DM UTce Fen
NEXAFS 73 % i T &L F —hN 2R 25 ff 32 1% 48 (KEK)
TI5blc. SIMOT LY FF v v N\N—%HHEZ.
BHEOT VI ZzBEEZET CKEKEZ TER TESD L
SlcU. A FEREADREREFEZFMICRANSDIHICE
F oY I\—CBBEXNZED T T,

FEEEICNHCT FER L TEWNCRFET 20 FiH%E
RT3 ED STMICKDERS N, 2 FEmIc
BUTHES BRI ENTERD ofco ZT T RBNIKE
NEXAFSHIEZ1TSZ & T NHCT AN EAR ICK LT i
fcbh>TWB (DFRDRYE VEBHNERELT) K
TWBZENBESHICHR> Tz NHC® B LTS, 5B

MREXS : HP BEX  Keita TANAKA
RAMRE | FRFERAE
Kim XRERERZHARE
(FFEBR ® &%)

BREUTERESEIBEITIENHC™ [T D FEEFR
B X IRfERBERITICLIBREERIZIET &
FIENHCT L RO D FEREAZEE DI Db ofco B
FRICERDSEIERWVcEBREFNHI2NESHZHE
I Bcoic, dI/dVIYE VT ICE>TREFMREZED
EEDEANCECE, N TFRICEBRTFIAH DI L
TTRBIET—INEEN. BREED FHZMALT
WBZEMbh otze FEE NHC N7 Z—VU >
KOTEMNTIIENTRBSI NI, F=—V U/ REE
FIEHT2INN G oTc, SEERFMBMBEICLZREA
DREZFANRDZENTE, MBEEZT7OEREICL.
IEREZR<TZET DFOEIRDI S DIGBEZ A
EBIUVEDTOIEREELT N FIEMEREZH
BIZHIENTEc, SHIC BWBERERECTDEHA
BROFEEEIER SN BIH. STMRICL DD FEE
B OHIMTH EEE R e, REEIRAARENEXAFS A
EILED, BIRICE DR FEHNSEIZUEDFA
OBITZBR T DFETH . e R FELICTVY/
A1 REFEEREI L. STMIc k-7, EfREEm LETHR
SNEFHRIV I/ AR BEHEOEFREICEULTREL
TWFETH D0

XXI1-029 BEHIC BT 2.0 REREEEE 2 £F S KIS HESR O fi bR o i iH

Neural Mechanisms of Causal Reasoning with Mental Time Transcendence in Primates

BN IR7E. BORITRETCWSIERN S, EREIC
BELTWRW, REICEIDZEREHA LD (EE
#im) . BEICRELTHIOEREZHEALLEDTS (i
EHER) CEMNTED, O, DIRREBEE#ES. e
ORRHEREEN L. EOXIBHRBREBICEI-oTEHZS
NTVWBDONENSZEFKARELTHSMER>TWR

&K% © KB & Akane NAGANO
RAMRE | R EMEEY Y —
BE - EITHEEEARTFT— L
(FIBR =& fXHR)
Wo BIC. JEENEMIN KRR DR ZRIRT DHENZ T
Ui RIEH>TH. BEORKAZ BRI IENEZERE
FICRUIEHR IR\, 22T AARTIE. LR
BZOMBZIWOANT, FicRTEFRBZRET 2.
SRV ERREVICHRREEEZERITDET D
HRFEBEE S EREREENDENEREZ. I

—108—



HOLBHEAENSENCEDETOEMBEDSEEL
LEIORSRE T ENTEDHREMEICDVWTIRET
BEE 705, WERADHEFRRERED —EKEICHEL
% HEZBBUCRREROBREEZRERT S
I, EAEMRE S HIBEIR (FMRI) A& W oA B
OEMZERNDEWS, WERARF MR ERF ZR
B3IV IO—F%T 5,

AAETIE. AR YIL R RE Ul R REZ R
95, COHmRR Cld. RIS, BAIZRFZRAL
o7 A= aVaRRT D, COF A= 3VD>55
—KROBGHEHIEHEE TH DD, KELBEDBED
EEnTEh, YILICZENS DRI NEEOEENA
BICDW2EEBRZBLUTCERSIES. SHEEIE. 2K
VHIL2EETIRICEY 7 MRIATOITEEIEZIT> 10
TBRICDWTIE, BAZRFEOELEHDOEERRED
FTOIBETETIERIENTE L, B [BAKR

REICBRITIZIcHDINFEZRBEH TH S, FEADIEICD
WTid HAZREZOEDRAELEDIIEE TR TS
TBIENTE . RE BAZRFEOEBDOREEAED
Tl zeRBERTH 2, SEEIE. ZOIIFDRFRERE
IEDWT, BARBILNEBERICTRRY —HERET oI,

@5 LK Publications

(B1TAK)

LK . "BREEOEEFER", THIY0TaiE LDE
B, BHAEE, HRIH.

@RAY—FFK Poster Presentations

1ok EFEE, RAJIHR, SAMAKER: "Development of a
behavioral task to investigate the neural mechanisms
of prospective reasoning in macaques’, HAENE
Fx B8O, BHRAILT, 104 (2024)

XXII-030 A& A0 I 7 RACKBEOY A AHlifizH] 5~ A Y —KHTOBFHR

Metabolomic Strategy for The Identification of Master Regulators of Leaf Size

EREZBEAT DMEOEIRD UIBE. 2zt
HI2HDLSICERMBIEEICIEAT D HEER
EWSEKHIHSNTWD, CORKRIF. REICHERBS
NTWLWARW MEEEFIEHEE ORBICET 2 TS
NTWBEKRTH D, EPDEFERARIBE KD,
ZOHEEFIHEEORRA . EXANREMREROER
RiFTHd BENAER AN SHRIFEICE TRERNR
MBZRIFTEHFTE D, TITRFETIE. HEW
REEERERY fugubZEAEZFEWT, YZIBEROD
FANZXLRBICED A, EZzBRT 2oz M
fat+« XA EESREFHEREI S ZBE T,

FEFEIL, BENICENUVEEEY Y TN ZEAZ IR
BT 22 & T BROBRBEFOREICKIN U,
SEEIFETNSORREZT. ETNICEEST 2R HE
RPEGFHOFEZRM o

(1) 4 R=LZ)ILav/L—hk (IGSL) DR IcEF S
IBERPYKIOETGG2IE., fugubZEKICHE WTIE
EILSRAIDELRTFTHoIH. INSIFFHEER
LB BERFTHIAREEN TV CHRE N, 22
T, ZDRERZIRIES B7=60, PYK10& TGG2D#E8E
L UZSLAKDT-DNAS 1 v %= EB L. fugub & D

HREKS @ Z3HE 50%  Hiromitsu TABETA
RAMEE : RIEERBZEME LYY —
R AT LARF— L
(FFER FH Bx)
“EZEEEHTSZIE T WELENEIMERR ZHH»
feo ZDIER. pykI10 fugub & LUV tgg2 fugubD—
BZEEKIWIT NG, fugub THERINDIETTOEAM
FEDEBEEDRIBANEL TWEL S, KT NSO
REEIBEOHMEICARAIR AR IT7REBERTHDI LN
ST T,

(2) PRULIGSLED AU B MY R—ILIRZEA—F
VY BEAFIATEREERNSP1SH, PYKI0ETGG2
ERIRIC fugub ITEWTHRBEEMN ML W, 2
T, CONRHBERDBRFAIRAEZIELH L. fugub DEEZE
R ARN S SICIBESI N2 DL ZHER U, fEHU
1235S:NSP1/ fugub Dififa ez EE LTc& 25, 1B
FRRETEA—FIVOBRBIGEEHICHEEIND
Overcompensated Cell Enlargment (OCE) h'4 U
TWW e, I 5. iIGSLDO D EZINEIT 5 & ALK IE
WESN. 1Y R—ILIROBFIRAZRET S LR
FBEEICRESINZZENREE NI, IGSLIFER
BOFIHICEERRHEN TH DI ENHSHITHE T,

(3) YT EIILERED, chsna7REERL
EDLOMBEETRIRT M ZRIAL. EETFRET
FAZAER LTz, ZDFER. A7REERTH S PYKIO
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ENSPlZERMAETIRGL, REMRETEREBELTW
BT EDNPESHCE ST, Tho. IGSLOGRBERORK
MR CEEICHRIETL T,

@:t L HF 3R Publications
(FEFR)

1. Hiromitsu T. and Masami Y.H. :“L-2-aminopimelic
acid acts as an auxin mimic to induce lateral root
formation across diverse plant species’, FEBS Lett.,
598(15):1855-1863, (2024)*

2.Kai U,, Yushiro F., Hiromitsu T., Tomoyoshi A. and
Masami Y.H.: “ Omics-based Identification of the
Broader Effects of 2-hydroxyisoflavanone Synthase
Gene Editing on a Gene Regulatory Network Beyond
Isoflavonoid Loss in Soybean Hairy Roots”, Plant &
Cell Pysiol., in press*

@[5EH X Oral Presentations

1. Z8BH5AY * “Functional amino acids that control
plant growth”, 589788 FARRE MERERZE, R,
117(2024)

2. %8FH5A%  “Functional amino acids that control
plant growth”, ZARIRE RMNAKZ, @M, 118 (2024)
3.Mengyao W., Hiromitsu T., Kinuka O., Ayuko K.,
Ryuichi N., Toshiki I., Kiminori T., Mayuko S.,
Mayumi W., Hiromichi A., Hiroshi T., Tsubasa
S., Kouji T., Yozo O., Keisuke Y., Ryoichi S., Ali F,,
Takayuki K. and Masami Y.H. :“Functions of the
phosphorylated pathway of serine biosynthesis in
development of Marchantia polymorpha’, Marchantia

Workshop 2024, Hiroshima, Nov (2024)

4. ZEMAEA  RERBEELICE T 2R DRE
EEEBRIRROBRER, $£270 R e hBERERME
zmE s, KR, 58 (2024)

5.Mengyao W., Hiromitsu T., Kinuka O., Ayuko K.,
Ryuichi N., Toshiki I., Kiminori T., Mayuko S.,
Mayumi W., Hiromichi A., Hiroshi T., Tsubasa
S., Kouji T., Yozo O., Keisuke Y., Ryoichi S., Ali F.,
Takayuki K. and Masami Y.H. :“Functions of the

phosphorylated pathway of serine biosynthesis in
development of Marchantia polymorpha”, £565[a]HZA&
EMERFRFR #F, 38(2024)

6.Mariko A., Hiromitsu T., Momoko T., Toshiya Y.,
Masami Y.H. and Kazuhiko N.:The developmental
and metabolome analysis of Cuscuta root”, £565[61H
FEVERFRER, WF, 35(2024)

@R A5 —H3K Poster Presentations

1. Hiromitsu T., Hiroyuki K., Testuya M., Sato M.,
Hirokazu T., Ali F. and Masami Y.H. : “Auxin
converted from indole glucosinolate degradation
product controls the amplitude of cell enlargement in
cotyledon size regulation in Arabidopsis thaliana’,
SBIO24 Conference, Pont-a-Mousson, Sep (2024)

2. ZERHEGAYE, HEREZ ERBORS, A —, Ferjnai
Ali, FHEX AV R=ILZIILAY/ L —hDDERIC
HXT 24 —F >V I RMEFRICEITSBRRHERAE
RZ5|IEHIT ", BAREYZREBEMAR, FHE, 9
R (2024)

3. ZEREGAE, BB, RO, A —, Perjnai
Ali, FHESR " EERESEICHSIA—FIVEDO—B
MERRFIRHRY NT—0EN LI/ R=ILTZILTY
JL—hDRRICLS>TIERISND”, FE41EHEY
NAAT /DY =%, LA, 8A(2024)

4.Hiromitsu T., Hiroyuki K., Testuya M., Sato M.,
Hirokazu T., Ali F. and Masami Y.H.:“*Multi-platform
widely-targeted metabolomics unveiled a core
metabolic process that contributes to cotyledon size
regulation”, Metabolomics2024, Osaka, Jun (2024)

5.Hiromitsu T., Tetsuya M., Ali F. and Masami Y.H.:
“Widely targeted metabolomics and subsequent label-
feeding analysis identified candidate metabolites
that control hypocotyl elongation in the model plant
Arabidopsis thaliana”, American Society for Mass
Spectrometry 2024, Anaheim, Jun (2024)

6. ZERHSAYE, FHEE " WFEEYDORICE WTAIR
Rz (RET MR TS /BRORE", 56500l
BAEYERZPRER #F, 38(2024)
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XXIN-031 €757 4 v ailBF5 Glycometabolome
- R O BE BB RE D MR I 1) U 7= Pk K -
Glycometabolome in Zebrafish (Danio rerio)

-toward understanding the function of glycan in fish-

AREICH T2 IEHEMRTIE. NELAKEE A\ FEHEE
BIEFREEDETILE UTOMEINKED % HHTL
%, ZDct, BEFLITABRENTIEHEBEE. 20
EERBLIORBREBEICEL T, KEDHKRBEBDE
FEBOTWD, ISIC, BETIIMBOBIHEYEITER
DIEHABHREEF OIENRBREINTVRICEHEDS
9. TORBBEEZB/SETRRORAET SiTONTL
B olce ZDTcsh, BFEMBEOREHEOEIEKEEILAS
MCIEOTWERW, ZOMBMNBRF vy T ZBH D)
IZ. 7570y vaxBWT AEOEMEARB LV
RFBBOLBEZESHULLS EARZITOTWND,

AEEF, FFEEICRAET DI EICRNUICRERE
DFEHEAHEER (VIEHE A REEE SR - Ngly2) DIZfFE
&% Cryo-EMIC & DBAS MM Uiz, BEZHICTESIn
FEERRMEE ERICT > e E L ZNRBHERE—HU
TWeo £z ngly2 RIEE T 5709 ¥aZBVWT &
RBOBITZEITolco ZDIER. ngly2REELTZ71
YalROUYY—LABRRIEETIS7rvalcBo5N
BE5BKREBEFERINGI >/, ULH L. ZHEIND
YA ZXHNSLBRD, RENPICEENDEREEHEE
EREHEKRTZEVWS I I RRBENER I N,
BEREHEIE AR ECEERRBRCHIETOY T
VPRBORERIGICEAS TS —V T VHRT
HZBZEDNFEINTRD, sy /OB 7Oty
V7 & NEEHDBRBEIC K> BT TWAOTIERW
NEEZTWD, RIEIF, BREFEHOHEEINEDLSIC
SR YA XZNELT2DN, ZDAAZXAIEL

AEERKSE © AH R  Akinobu HONDA
RZAMEE : FHEAERE
SATEREAHECEAE
(FFER #HKE)
TETFOYzZyvebea—yY 7Yy EROCETZT
W3,

e, REMBOEHEESEREICEALTE. Y2
VBEORBRIEIL TERD >fce ZDIeH. ZHNEIR
FEET 709 10BEMBET/ v IT7INL. D
%, U710 O—LEBzTV., BEEBEOE(LD, FHiE
BEFERETDIEIC U FDD . ETZT71va
EBMETOCRISPR,/CasQyV AT AIC LR T/ LiRE
B OMIIZIT> TV,

it

@:5 FH 3K Publications

1.Honda, J. Seino, C. Huang, M. Nakano, T.
Suzuki: Occurrence of free glycans in salmonid
serum. Biochemical and Biophysical Research
Communications, 742, 151096 (2025)

2.C. Huang, A. Honda, T. Suzuki: Free oligosaccharides
in serum. BBA Advances, 7, 100139 (2025)

O[IEEF K Oral Presentations

1. AR, BEFE— BETBE. FILsAA ERHES,
BEBE. $HAE  Ngly2 0 RMEN S EBERFEN
R . BB ARREEPR, 18I, 2024.9

2AHRM. HARE: RERFRG N BNEH i B B
R :Ngly2. 8547 RAD FAEYF =, 18, 2024. 11

QORRAY—FFK Poster Presentations
HHEBE. $HARE  Ngly2 DBERZNERB JUOERE
Hge . BI7TEIAAE N FE R, K, 2024. 11
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XXIN1-032 Pathogen recognition landscape of leucine-rich repeat receptor kinases

in plants

Name: Pok Man NGOU

Host Laboratory: Plant Immunity Research Group

Plant diseases pose a significant threat to global
food security, causing major losses in agricultural
productivity. A critical strategy for sustainable disease
management is the identification and deployment
of plant immune receptors (PRRs) that perceives
pathogen-derived molecules (or PAMPs). However,
traditional genetic approaches have limited the
discovery of immune receptors to a few model species,
and it remains challenging to identify these receptors
in diverse crops. My work addresses this limitation
by integrating bioinformatics, synthetic biology, and
biochemical techniques to systematically characterize
a subclass of PRRs, LRR-RLK-XII, across 285 plant
species.

I identified a novel immune receptor from pomelo,
named SCORE, which detects cold-shock proteins
(CSPs) from a broad range of pathogens. I found that
SCORE and a previously identified Solanum-specific
receptor, CORE, independently evolved to recognize
the same conserved peptide within CSPs (cspl5),
marking the first known case of convergent evolution
in plant immune receptors that perceives the same
peptide. Further analysis revealed that SCORE
orthologs across angiosperms exhibit remarkable
polymorphism in cspl5 recognition, highlighting
a dynamic evolutionary arms race between plant
immunity and pathogen evasion.

By leveraging structural predictions and phylogenetic
insights, I identified key amino acid residues
governing CSP recognition and engineered SCORE
variants capable of detecting CSPs from economically
significant pathogens, including those responsible for
fire blight, citrus greening, clubroot, and root-knot
nematodes. This work represents a major step forward
in plant immunity research, providing an efficient

RIKEN Center for Sustainable Resource Science
Laboratory Head : Ken SHIRASU

platform for discovering novel immune receptors
across diverse species. Our findings not only advance
our understanding of host-pathogen co-evolution
but also offer valuable tools for engineering durable
disease resistance in crops, contributing to global food
security and sustainable agriculture.

Overall, the project is going well as planned. We are
preparing a manuscript to be submitted to Science
by March 2025. We are also preparing to apply for a
patent with this project.

@ Publications

Papers

1.Bruno Pok Man Ngou, Michele Wyler, Marc
W. Schmid, Yasuhiro Kadota and Ken Shirasu,
Evolutionary trajectory of pattern recognition
receptors in plants. Nat. Commun. 15, 308 , 2024*

2.Yukihisa Goto, Yasuhiro Kadota, Malick Mbengue,
Jennifer D. Lewis, Hidenori Matsui, Noriko Maki,
Bruno Pok Man Ngou, Jan Sklenar, Paul Derbyshire,
Arisa Shibata, Yasunori Ichihashi, David S. Guttman,
Hirofumi Nakagami, Takamasa Suzuki, Frank L.H.
Menke, Silke Robatzek, Darrell Desveaux, Cyril Zipfel
and Ken Shirasu, The leucine-rich repeat receptor
kinase QSKI regulates PRR-RBOHD complexes
targeted by the bacterial effector HopF2Pto, The Plant
Cell, 36 :4932-4951, 2024*

@ Oral Presentations

Conferences

1. Bruno Pok Man Ngou, Wyler M, Schmid MW, Kadota
Y, Shirasu K, “Evolutionary trajectory of pattern
recognition receptors in plants”. Guangzhou, China,
2024/10/18, Presentation in overseas conference
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Unraveling the true ecophysiology of DPANN archaea by cultivation

IR EDT7—F 7 LHRMEDK¥ 7% LS5 DPANN ##
(F. MO TERBBREICER T DN EEET—F 7L
LT AR £ ELOBRRDSHEMERZDEFIC
BWIRHIEESNTVWSEYEHDVOEDTH S (LUE
DPANN7—F7)o UM U. BEBRIHGIDESE] L HVaR L
e, RBEOEBERFIIFEAERANTH S, XART
l&. X547/ [5\DNA 75 EDIEEZ N S 7RO R
TR ICEHSMNCT B EDTERWDPANN 7—F
FOEDHBEAEZ BFERIUORARRENE ST
EBBREMBLT/IAAVY—X (BEK) ZHELT
BHSMNCT B EZBNET S,

2024 % E (3. £EMAREMEE (Co-Pl) ELTHIRS
hi-EB LRI 704 5 HFSP Early Career
Grants ODMffZEEERE “Unraveling the multi-layer
relationship between archaeal symbionts and
their viruses” ICE AL TRR ZED co EFEMITIE.
FZ>5DGroningen KZEICEWTH T HARB. 7—
FPIVANADERNBIEEEZZREEHIC, BED
DPANN 7 —F 7 EE &K iz HEMFTAENRMIEZL
Too BREUEMEBEOEERNTZEAGDED L
TTP—FT7 VA ADD R B ZA AR, 6KKDT—
FTPIANRERBHIEEITDIEICHIIL, ZDS555
BOL2T /LRI ERE UL, FHEBROER. 241
DPANN 7 —F 7 ICRE T 2HR UMV ADTREEN S
. TAEETHNIFHERTHHTDPANN T ILR
DEBICHRINUIZ EITRD, MEMERZATFICHL
TBHOTHENDRESBMABRRENESNDDH D, —
A, EROMFREISTFALLZEHH D, DPANN K
EROERBITIGES D PLENRTWS, ULHLAED
5, INFXTIKBSNKERIER (DPANNEEHRDE
BMER, T/ LR, ECRFER. HlaERE) =
AXELTEEDTERFRU. ISME Journal (FRIE—=E
#. IF:12.3)% Nature Communications (3:3&. IF:
16.1) ZOEBRMFHMOE VLRI DFRIIBH IC D7
MNofco HAMFKE UV TES TV 1A TOTA—LA
BATICOVWTH—EDIHRBRNF S, DPANNZ—
FTOMPPREBEHOBEABEICDWTRRUIHE
XN\ Journal of Bacteriology sEN\BE S iz,

2025FEF. DBEICHRI LT —FTF I AILA%E

AREKS - BH 2 Hiroyuki SAKAI
SFAWRE : N1 AVY—AfFTLEY 5 —
MEMMRIFERE
(FMBR K& B&th)

DPANN - FE EHIEBRNRL S H RO ELHAET
%o TNICED, VAR BEUT—F7 - BEREDIE
BERAZHASHICT B EEBIET, HITLT INET
BEBICRINU1ITERO DPANN 7—F7Ic DWW, Fh
SOEBERZ LD RIBRT ZHOERNARE (£
BIEREENT. BEHEORE. 7/ L8@BIT. NSVRIY
TR =L@, EAERREAR. EFERRSERRRY)
ZERICED D, BONCMABRIGEERELTE
EHTERLERREZBIET,

@55 £33 Publications

(REFHX)

1.Sakai H.D., Nur N., Suwanto A., Kurosawa N.:
“Complete genome sequence of strain KD-1", the
type strain of Sulfurisphaera javensis, isolated from
an Indonesian hot spring’, Microbiol Resour Announc,
0:00664-24 (2024)*

2.Nakagawa S., Sakai H.D., Shimamura S., Takamatsu
Y., Kato S., Yagi H., Yanaka S., Yagi-Utsumi M.,
Kurosawa N., Ohkuma M., Kato K., Takai K.:
“N-linked protein glycosylation in Nanobdellati
(formerly DPANN) archaea and their hosts”, ]
Bacteriol, 206:€00205-24 (2024)*

3.Johnson M.D., Shepherd D.C., Sakai H.D.,
Mudaliyar M., Pandurangan A.P., Short F.L.,
Veith P.D., Scott N.E., Kurosawa N., Ghosal
D.: “Cell-to-cell interactions revealed by cryo-
tomography of a DPANN co-culture system”, Nature
Communications, 15(1):7066 (2024)*

4.Johnson M.D., Sakai H.D. (Co-first), Paul B.,
Nunorura T., Dalvi S., Mudaliyar M., Shepherd D.C.,
Shimizu M., Udupa S., Ohkuma M., Kurosawa N.,
Ghosal D.: “Large attachment organelle mediates
interaction between Nanobdellota archaeon YN1 and
its host”, The ISME Journal, 18(1):wrael54 (2024)*

5.Nakagawa S., Imachi H., Shimamura S., Yanaka S.,
Yagi H., Yagi-Utsumi M., Sakai H., Kato S., Ohkuma
M., Kato K., Takai K.: “Characterization of protein
glycosylation in an Asgard archaeon”, BBA Advances,
6:100118 (2024)*

(M=)

1.Sakai H.D., Itoh T, Kato S, Nur N., Suwanto N.,
Ohkuma M., Kurosawa N.: “Microcaldota phyl. nov.”,
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In: Bergey's Manual of Systematics of Archaea and
Bacteria, (submitted)”

2.Sakai H.D,, Itoh T, Kato S, Johnson M.D., Shepherd
D.C., Nur N., Suwanto N., Ghosal D., Ohkuma M.,
Kurosawa N.: “Microcaldus”, In: Bergey's Manual of
Systematics of Archaea and Bacteria, (submitted)*

O®[15EH X Oral Presentations

1LBHEZ, mEHRES, BIREIK, KRR /77—
F7 BEF—FT - T—F T IAINRAEEBROENE
WREENT”, B ArchacatARRE36EIFEER, RABM,
78(2024)

2. BRELE, BHiEe, HIIEE, hR—, BRAIK:
“HTARFRGEE S/ T—F 7 KRIKKD D B2
7, BA ArchacatFR=E36[MFEESR, REMA, 78

(2024)

3.5EMEZE, BHEZ, BNE RBEX, B2LUEE 5
FHaA, IS BMERRICEHIE T 2 Nanobdellati
(DPANN 7—%7) ROBEE7—F70DJ 24270
TAZIYR", BA Archaca AR SF360FHES, TAL
Ks, 78(2024)

@R X5 —%F Poster Presentations

1EHEz, BREIXK, 7ERES, EHE5A, KEERERM:
“Nanobdellati 7 —F 7 [CBRFET DT AILADREK", &
[5EBRIRIEEYF =, BR, 118(2024)

2. BRBILE, IESE, i —, BHiEe, BRAIK
AR FRGFBIES/ 7—F 7 KRIKO T/ LT “H
KEMERFEREIIOAR", 58, 108(2024)
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Elucidation of the Mechanism by which Cell Chirality Emerges Left-right Asymmetric

Morphogenesis at the Multicellular Level

BREDIEBRAGIENIEIR. BBEZNERDOERE
FREESUOEEICHATH D, HF. ZOLSBREZIME
LN OERIESTMEIC, HEFZUTAIEETET
EDDHIOTEc, HREFZUTr&iE ML NILDE
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DEAFERNEEDHEB I ZHREEDETHRESINTL
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HEEHFETANZIALKIFEAERETH D, RiffFE
Tl BERGHET S T 2RI EERIEEMIEE B
WT EHIRBL NIV OEGIEIRIRD EVWZBERL.
Mg+ 2 T 2L MO AIENIRENEERT 28
= - BRI X D = X LDRBEBEIET,
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FIUTAANDESNHASHICHR>TUL e formins & | B
Myosin D5 =N, B Myosin i il £ > ) 712
HICEETHZDIEZDEEHT, COMFRHRIE. BiF
EHERZFRESH T IREDIORXIVTRRI B EEDIC, H
EEEEL U elifefflcimxigmHTH 5,

ISICHAER. ZHMART—ILOERIERFRER K IC
DWTHIARZED TS, REAVTWS ERRIES

RREKS - G5 B Tomoki ISHIBASHI
RAAEE | LN EREEY 5 —
T4 VAN AOY—RAEF— L
(FriE&R %RH ZEX)
MNP UTEMEIO-—%2FR LTS, MignE
H&ULTHETRIDEET S A RH L. MR E R
DRFRICEHR SN Drosette EAMER T2 2B HU.
INZzEREERZHDLE BT TH S, £z, i
fEEERRF ICE W T DL MBEERIC (. MiFERES S
fo-BEEREEONSVYANEELRKEZRI L%
BHU. #HIEN\—FvIIXETILNS, INS5DMZE
ERENENMOEGEAREZRETDDICTATHEIE%E
ST LT, &z, Mil3z Fa—RICERL. BLAN
LWORUNEBERTZIENTEZROAE L, 2D
RICED, HIEFZU T HBRELNILOEGIENIRIE
THEAEITHEEHDOBTHAIREE R oTco BHE. 717
AAX=IVTh5 HiEFZ )T EREEDS 5745
EEMRNTEE I E>TW5,

®[IEE% % Oral Presentations
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1. Ishibashi T., Nishizawa R., Shibata T.: “Cellulr-level
left-right asymmetry, cell chirality, induces the chiral
collective rotation of multicellular colony”, The 47th
Annual Meeting of the Molecular Biology Society

of Japan, Fukuoka International Congress Center,
Hakata, Japan, 118 (2024)
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2.Ishibashi T., Shibata T.: “#ifg+ > 7+« BN EHRIEXI R
ISR EElEN\ S N B EHEA DRZER ", The 76th
Annual Meeting of the Japan Society for Cell Biology,
KSEBRESFES, TR, BE, 78 (2024)

3.Ishibashi T., Shibata T.: “Cellulr-level left-right
asymmetry, cell chirality, induces the chiral collective
rotation of multicellular colony”, 21 TUPAB

Congress, ,ICC Kyoto, Kyoto, Japan, 68 (2024)
4.Ishibashi T., Shibata T.: “Cellulr-level left-right
asymmetry, cell chirality, induces the chiral collective
rotation of multicellular colony”, The 57th Annual
Meeting of the Japan Society of Developmental
Biologists, Miyako Messe, Kyoto, Japan, 63 (2024)
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Molecular Basis of the Phosphorylation Network Regulating Substrate Selectivity of

Ectodomain Shedding

Z<OEY VIV EREBREZIOF7—EIC L > TUIR
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INRXA 2T (T4 7) EFEN D, 5
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THolc. ERIDOEBICEBUIHRENS, BYV/INVE
DYUYVEALDY 27+ vV REREEZEFIET D &0, iR
N7 FIMGEICKRTFEUL RGBS LEY VI VBNV T
TAVITEINZZENREINTVS, COLSBEEL
5. YVBLIFEBNICY 1T« 7 % FHIHTZEFD
—DTHZDTIRBWNEEZ, Y170V 7 TOFAS
JRAEVVBALTOTAZ VR BHEDE YTV
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B EERFRDOERNE LT,

REEE. UTOMREARICDOWTEDIHEAT

(1) SFSERY TV HEERRLIESE L EE
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AEL. FHA00RBOEE EETOTA—LDRAIER
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(2)(D)ICxHIET 5. 511200 Y VB (L 707 A —
LEBZEREL., AEZETT o,

(3) T—HIR—AY—FH KO HBERITDId DERE

AEEKS : 28 A Kazuya TSUMAGARI

ZAMRE | EHEREHAREY Y —
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TO7FA—LEBEHARIZ=Y &
(FMER SR E®&

B ZiTo1,

(4) ADAMZ7OF7—EEHEEERUEBERRY
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APEX2 (or AirlD) YA RS M DIERZ T o1,

@:5 FH 3K Publications
CE5:9)

1. Tsumagari K., Ogata K., Ishihama Y. and Imami
K.:“Protocol for TMT-labeling of peptides in
quantitative proteomics”, J. proteome data methods, 6,
6(2024)"

2.Deng K., Isobe Y., Tsumagari K., Kato T., Arai H.,
Imami K. and Arita M.:" 12/15-lipoxygenase-derived
electrophilic lipid modifications in phagocytic
macrophages”, ACS Chem. Biol. in print*

®[15EH %k Oral Presentations
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LIRS, SRES  IREBHMAREBETOHD
TATA-LBFRNER", BA7OTA-LESR
2024F K%, B, 6H(2024)

2.Tsumagari K., Imami K. : Defining proteoforms
through post-translational modification proteomics”,
Advancement and application of methods for
proteoform-centric proteomics Japanese-German
Research Symposium, R#&B, 118 (2024)
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XXI11-036 Study of the amygdalostriatal pathway in active avoidance processes

in rats.

Name: Mehdi Julien SICRE

Host Laboratory: Laboratory for Neural Circuitry of Learning and Memory
RIKEN Center for Brain Science

Laboratory Head : Joshua Patrick JOHANSEN

In hazardous environments, animals must rapidly
shift from immediate fear reactions to more adaptive
avoidance strategies to ensure survival. This
transition involves moving beyond basic defensive
responses, such as fleeing at the first sign of danger,
toward an active approach that integrates decision-
making, motor coordination, and the capacity to
anticipate potential threats. Our study focuses on
dissecting the neural circuits responsible for this shift,
with particular emphasis on the interplay between
emotional processing within the basolateral amygdala
(BLA) and the goal-directed action circuits of the
nucleus accumbens (NAc) in the striatum.

We developed a rat “shuttle” task in which an
auditory cue predicts an electric shock, prompting the
animal to avoid the shock by moving into a second
compartment. This setup enables precise tracking
of how avoidance behaviors emerge and stabilize,
and we employ fiber photometry, electrophysiology,
and optogenetics to record and manipulate neural
activity throughout learning. Fiber photometry
revealed distinct temporal patterns of activity in the
BLA-to-NAc and ventral tegmental area (VTA)-to-
NAc projections, closely mirroring the development
of effective motor strategies. Concurrently,
electrophysiological recordings highlighted plastic
mechanisms in NAc neurons, underscoring the
critical role of this circuit in refining goal-directed
responses to threats.

To further explore the importance of BLA-to-NAc
communication, we used a closed-loop optogenetic
approach. In this paradigm, the animal’s escape or

avoidance movements automatically triggered real-
time inhibition of the BLA-to-NAc pathway. By
selectively disrupting these signals during the initial
learning phase, we demonstrated the necessity of this
projection for guiding adaptive avoidance behaviors.
Looking ahead, we aim to deepen our understanding
of the wider circuit by determining how different
neuronal populations within the NAc—such as D1-
and D2- dopamine receptor expressing medium spiny
neurons and distinct interneuron classes—contribute
to learning and decision-making. This step will help
us build a comprehensive model of how animals
transition from reflexive fear responses to proactive,
goal-directed avoidance strategies, ultimately
illuminating the broader principles of adaptive
behavior in threatening situations.

@ Publications

1. Mehdi Sicre, Frederic Ambroggi and Julie Meffre.:
Two distinct neuronal populations in the rat
parafascicular nucleus oppositely encode the
engagement in stimulus-driven reward-seeking.
Current Neuropharmacology (2024)

@ Poster Presentations

1. FENS Forum 2024, Vienna, Austria. “Neuronal encoding
of active avoidance in the nucleus accumbens.” M.
Sicre and J. Johansen

2. NEURO2024, Fukuoka, Japan. “Neuronal encoding of
active avoidance in the nucleus accumbens.” M. Sicre
and J. Johansen
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Analysis of Cellular “Metabolic Differentiation” during Seed Germination in Catharanthus

roseus

ZL<OEHNOFHERBEY SHRESENICER - &
HEhd, ZF=FY7 (Catharanthus roseus) D7 L
H0O4 R IPAPHifE CERESNcA Y RA Rz R &
UTREMENENICER SN, PRERVSEEIN
R MR - AEMIEE LN 2R EOMAZICE
BN ENHSNTWD, FFEDHEHI RN
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MR#R MEBREZBIL., 2O ZNEHE
TEAF - RUERBAITEZIEEBIZELTWS, EHD
LOEHBRECFZREBEDEBNARSBEYICE
AULEYMORELEZBEIRBIZNMAIER
RTREBMICITNTWASH, RINFlIKIEFEAERWNT
EMS, B EARBICEVWTIIBERETTOEADM
CEERERNEETDIENEZSND, MO H
MAMEICEET2HMBAB SN Z &k, RETHEWR
KRBIFZBTL—IRI—ICENBZEN RTINS,

AEER. FEEDLSSIEHENTTICAUR LI
FoFYIBFROXKFBEICETENIVAI I T h—
LT = ROXYRO—LT—5 DFEfTZED. BTH
FRICHBT2RB B LZERIDEHIC AT —
5 EDHERITICIDRBNMICEEREGFERR
Ufzo THICINZ. FEFE ISEME TORBERRTRY
V== B FREBTERENESNGBN >l e
EREZ. ZFZFVIOBEMBCHILRICETIRE
BRI ECIEHETFOBERITAEERN Uic, £
fo. EEETOREBEDHTIEHIEL NILT OB H R EE
THBIENS. BAMELT7ILAOC RREBEZE TR LI
BEEMBEAOHREREY - HEFIRSERLOICES

MEEKS © Bl BiE Mai UZAKI

RAMREE : REERRIZAAREY 5 —
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(TR YH &%)
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ZRBEL. oMb & 7ILAhO RCE & OREFR DM
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@:5 EHF R Publications
(BEHR)

1.Uzaki M, Mori T, Sato M, Wakazaki M, Takeda-
Kamiya N, Yamamoto K, Murakami A, Guerrero
DAS, Shichijo C, Ohnishi M, Ishizaki K, Fukaki
H, O'Connor SE, Toyooka K, Mimura T and Hirai
MY: Integration of cell differentiation and initiation
of monoterpenoid indole alkaloid metabolism in
seed germination of Catharanthus roseus. New
Phytologist.242(3):1156-1171 (2024)*

(#85R%)

1. Yamamoto K, Uzaki M, Takahashi K and Mimura T.
Current status of MSI research in Japan to measure
the localization of natural products in plants. Current
Opinion in Plant Biology 102651 (2024)*

O[15EH X Oral Presentations

LBBERL "TERABEY=FFVIOMBEEREN
FZILhOA R EAEMIEO ML, F15EEDET
BEMSEEFT—v Y3y BRMERERS v
JRZ( 118(20245F)

@R A5 —H3K Poster Presentations
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Development of Co-culture and Co-evolution Systems for Multiple Microbial Species using

Laboratory Automation Technology

AAROENE. EROBED ERENICHIEETE
ZEB VAT LAEERBRENTEET DI ETH D, BE.
2ERUEOWEY EHIBE T DIHE. ZOHFREE
RREICEDPTV, ULH U, ARF T ZIFANELDL
AXUEEEEEBZEAL. BEEREZEMICH
HTBVRTLEBEU, TOVRATLERWSIET,
WEVEOFEELZ ) ZILYALTEELDD, BHNET
DREEMHERFCEDLOBRBIEHMNAIREE 2D, RIFEEE
TOMRES LT BROMEBOFELZEE - #l
T 26, FBRICHNY VIO EEREY BB
FOMERTFITZLO5RELKRBEKEY M ZIERL
foo ZOHRER, MEBEXIVINVBERBRUNFNIY
VAR FOKBEK. BLORBENY VNI E%R F
RBU7OZA7 =0 EZRORGEKZERT
BT EICHINUTc, ThoxEIC, BEEERTIEAE
BRERATYVTOEFRMEICT— RN\ I T8
BERIATLZERAFE U, i, STEIADERELT.
HNEMREE SESEERBICHEAADZ EICHRIL
foo TNICKD, BEHEEBEEN SB5NSMEMEBR
ZFRAWCERBEZHE T DI EMNTREE D, HERD

WHREKS : ZH B Atsushi SHIBAI
RAMRE | iRl FEHRtEY ¥ —
ZREEDBEMEF — L
(FFEBR &E )
ZANBERENATI NS, AEEIE. COEEHERY
AT LERWT, BN EFRNRE T clttEEks s
BTEFANDZEBEEBU L, Fic. EROMENE S
FERFICHRINL. ZONTURZHNICELIEEZRET
T, KBENEL L P T WREE S EL UICKWREENE
TEIDEeZASHICLIc, SEBOREELT INET
ICERUMBIELEIIEEVATLZERL., BEE
OHMEOHIBFEREDHIEEREZEE T2 FETH .
e MRORBELT EHERAZRKICRML. £
NZNOBEELZKICARIZEBEEMEZIGAL, B
AlOEHEDLENHIIEIEICRIT T HETHBENICHE
WDV ATLAORFEZIEL TS, ZOERICELD.
MR THROXKBREOES EHLDDH 2,

@55 £33 Publications

(#851)

1. Shibai, A., Furusawa, C.: “Development of specialized
devices for microbial experimental evolution”,
Development Growth & Differentiation, 66(7), 372-380
(2024)

XXIll-039 Co-Evolution and Fusion of Interspecific Microbes for the Creation of

New-to-Nature Metabolites

Name: Yu ZHENG

Host Laboratory: Natural Product Biosynthesis Research Unit

In FY2024, I focused mainly on two projects and have
the following outcomes:

1) To the best of our knowledge, enzymes that catalyse
intramolecular Diels-Alder ([4+2] cycloaddition)
reactions are frequently reported in natural
product biosynthesis; however, no native enzymes
utilising Lewis acid catalysis have been reported.
Verticilactam is a representative member of polycyclic

RIKEN Center for Sustainable Resource Science
Laboratory Head : Shunji TAKAHASHI

macrolactams, presumably produced by spontaneous
cycloaddition. We report that the intramolecular
[4+2] cycloadditions can be significantly accelerated
by ferredoxins (Fds), a class of small iron-sulphur
(Fe-S) proteins. Through iron atom substitution by
Lewis acidic gallium (Ga) iron and computational
calculations, we confirm that the ubiquitous Fe-S
cluster efficiently functions as Lewis acid to accelerate
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the tandem [4+2] cycloaddition and Michael addition
reactions by lowering free energy barriers. Our work
highlights Nature’s ingenious strategy to generate
complex molecule structures using the ubiquitous
Fe-S protein. Furthermore, our study sheds light
on the future design of Fd as a versatile Lewis acid
catalyst for [4+2] cycloaddition reactions. (Zheng, Y.,
et al., Nat. Commun., 15, 5779 (2024).)

2) The adenosine 5'-monophosphate-mimicking
nucleoside sulfamates are pharmaceutically important
compounds that target aminoacyl-tRNA synthetases
(aaRSs) and other adenylate-forming enzymes.
Ascamycin is a unique naturally occurring alanyl
adenosine sulfamate isolated from Streptomyces sp.
80H647. In this study, we successfully enhanced the
in vivo conversion of dealanylascamycin to ascamycin
by constitutively expressing an extra copy of bldA
and adpA regulatory genes. More importantly, we
performed gene expression analysis and protein
structure-function prediction to identify alanyl-
tRNA synthetase (AlaRS)-like enzymes: AcmF and
AcmD. AcmF efficiently catalyzes the aminoacylation
reaction during ascamycin biosynthesis, and this
reaction is dependent on the Ala-tRNA*" supplied
by AcmD. AcmF is a truncated AlaRS-like enzyme
containing only the aminoacylation and tRNA
recognition domains, whereas AcmD has an intact
AlaRS-like architecture that efficiently supports
AcmF activity by exhibiting resistance to the AcmF-
produced ascamycin. In addition, we have produced
the glycyl- and seryl-derivatives of ascamycin using
the AcmD-AcmF enzyme pair. The mechanistic
study identified Glu232 and several residues that play
important roles in AcmF catalysis. To the best of our
knowledge, AcmF is a representative class IT aaRS-like
enzyme catalyzing tRNA-dependent aminoacylation
during natural product biosynthesis. These findings
provide a potential chemoenzymatic approach for the
synthesis of aminoacyl nucleoside sulfamates. (Zheng,
Y., et al., ACS Catal., 14, 3533-3542 (2024).)

In the SPDR program, I will dig deeper into 1) the
de novo design and engineering of iron-sulphur
proteins as versatile electron carriers and Lewis acid
catalyst for [4+2] cycloaddition reactions; 2) the use of
AcmF as a starting scaffold for the chemoenzymatic
synthesis of bioactive aminoacyl nucleoside sulfamate
compounds. These will contribute to the for the
creation of New-to-Nature metabolites. In the same
time, I have applied the “Forecasting Biosynthesis
Approach” in natural product biosynthesis research.
Therefore, I will continue to use this Al-based
methodology to reveal the biochemical mechanism of
natural product biosynthesis.

@ Publications

Papers

1.Zheng, Y., Sakai, K., Watanabe, K., Takagi, H.,
Shiozaki-Sato, Y., Misumi, Y., Miyanoiri, Y., Kurisu,
G., Nogawa, T., Takita, R., Takahashi, S. “Iron-sulphur
protein catalysed [4+2] cycloadditions in natural
product biosynthesis”. Nat. Commun., 15, 5779 (2024).

2.Zheng, Y., Morita, N., Takagi, H., Shiozaki-Sato, Y.,
Ishikawa, J., Shin-ya, K., Takahashi, S. “Alanyl-tRNA
Synthetase-like Enzyme-Catalyzed Aminoacylation
in Nucleoside Sulfamate Ascamycin Biosynthesis”.
ACS Catal., 14, 3533-3542 (2024).

@ Oral Presentations

Conferences

1. Zheng, Y., Morita, N., Takagi, H., Shiozaki-Sato, Y.,
Ishikawa, J., Shin-ya, K., Takahashi, S. “Alanyl-tRNA
Synthetase-like Enzyme-Catalyzed Aminoacylation
in Ascamycin Biosynthesis”. The 2024 Annual Meeting
of the Society for Actinomycetes Japan (SAJ), Tokyo,
Japan, September 10 - 11, 2024.

2.Zheng, Y., Morita, N., Takagi, H., Shiozaki-Sato, Y.,
Ishikawa, J., Shin-ya, K., Takahashi, S. “Biosynthesis
and self-resistance mechanisms of ascamycin”. The
66th symposium on the chemistry of natural products,

Kyoto, Japan, September 4 - 6, 2024.

Symposiums

1.Zheng, Y., Sakai, K., Watanabe, K., Takagi, H.,
Shiozaki-Sato, Y., Misumi, Y., Miyanoiri, Y., Kurisu,
G., Nogawa, T., Takita, R., Takahashi, S. “Iron-sulphur
protein catalysed [4+2] cycloadditions in natural
product biosynthesis”. 272 BB (A) FHIE
BRRIF FIEEFS VNI DA, BN, 20245 85
24H~8H25H.

@ Poster Presentations

Conferences

1.Zheng, Y., Takahashi, S. “Iron-sulphur protein
catalysed [4+2] cycloadditions in natural product
biosynthesis”. The 5th International Conference on
Natural Products Discovery and Development in the
Genomic Era, San Diego, CA, US, January 4 - 9, 2025.

2.Zheng, Y., Morita, N., Takagi, H., Shiozaki-Sato, Y.,
Ishikawa, J., Shin-ya, K., Takahashi, S. “Biosynthesis
and self-resistance mechanisms of ascamycin”. The
2025 Annual Meeting of Japan Society for Bioscience,
Biotechnology, and Agrochemistry (JSBBA), Sapporo,
Japan, March 4 - 8, 2025.
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Understanding of tracheal cartilaginous stripe pattern formation driven by the stochastic

generation of wnt-responsive cells
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O[IEEF % Oral Presentations
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1.Shogo Nakayama:“Self-organization of Wnt-
responsive chondrocytes in periodic pattern
formation”, YRF, ##7, 38 (2024)

2. FUEE, HFAT Wit ibEEREFHMRZERET
BN Ny U AR ZEEEIEZ US>
ATLOER", TENFR, 8%, 117 (2024)

@R A5 —H3K Poster Presentations

1.Shogo Nakayama, Mitsuru Morimoto: “The
understanding of tracheal mesenchyme patterning
at single-cell resolution”, fifg ¥ F %, 2<IE 78
(2024)

2.Shogo Nakayama, Mitsuru Morimoto: “Self-
organized periodic aggregation of chondrocyte driven
by extracellular matrix dynamics”, 3fff BDR'J kU —
N, #87, 104 (2024)
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XXIll-041 Early-life Environmental Impact on Critical Neuronal Circuits of

Vocal Development

Name: Jay Patrick NAKAMURA

Host Laboratory: Laboratory for Molecular Mechanisms of Brain Development
RIKEN Center for Brain Science

Laboratory Head : Tomomi SHIMOGORI

The development of language is known to be highly
vulnerable to disruption by environmental influences
in early life but what neurodevelopmental changes
underlie these disruptions is not known. The
common marmoset (Callithrix jacchus) is a non-
human primate that is uniquely suited for these
investigations due to their vocal development, which
display many language-like characteristics, as well as
their alloparental rearing strategy, which is thought
to also have been the evolutionary driver for language
in humans. This research project aims to investigate
vocal development in marmosets to identify the
underlying circuitry and see how they are impacted
by the rearing environment in early life.

Research activity this year focused on collecting
continuous long-term naturalistic recordings of
marmosets from birth to 6 months of age. We found
stereotyped trajectories of vocal behaviour, where
infants increased their volubility to around the
4" week before reaching a peak and declining to a
baseline level shortly after. However, the trajectories
and call type distributions appeared to be dependent
on the parents of the offspring; marmosets born to

the same parents, but different litters, showed more
similar trajectories compared to unrelated marmosets.
Additionally, artificially reared marmosets that
lacked parental vocal input had altered trajectories
which were partially restored in some aspects with
the reintroduction of vocal interactions, provided
by experimenters using voice changer tools. Further
investigations will aim to determine what features
of vocal interactions are important in driving vocal
development and the significance of the timing
of these features. The experimental plan for the
upcoming year focuses on chemogenetic manipulation
of vocal circuits during windows of interest to achieve
these aims.

@ Poster Presentations

1. Nakamura J.P., Shimogori T.: “Naturalistic marmoset
vocal development”, The 47" Annual Meeting of the
Japan Neuroscience Society (JNS) NEURO2024,
Fukuoka Japan, July 24-27 (2024).

2.Nakamura J.P., Shimogori T.: “Naturalistic marmoset
vocal development”, Center for Brain Science Retreat
2024, Gotemba Japan, November 28-29 (2024).
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Development of a technique for elucidating the brain networks that lead to psychiatric
disorders using laminar functional MRI and evaluation of its accuracy.
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1.Kimura, I., Hayashi, M.]., Amano, K.: Immediate

effect of quadri-pulse stimulation on human
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Neuroscience, in print”

2.Kimura, I, Bijsterbosch, ].D., Glasser, M.F., Hayashi,
T.: Dynamics of functional modes represent behavior
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modes represent behavior during task fMRI,
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magnetic stimulation dissociates the causal
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Revealing the Molecular Basis of Hub Neurons Discovered by Large-Scale Neural Activity

Recordings
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XXIl-044 Hunger Memory: How Brain Oscillations Translate Energy

Homeostatic Status

Name: Yijun ZHOU
Host Laboratory: Laboratory for Circuit and Behavioral Physiology

Central regulation of food intake is crucial for animal
survival. Interoception, or the sensing of internal
states, is essential in this regulation, allowing the
body to adjust behaviors to meet physiological needs.
This process supports both homeostatic balance and
hedonic adaptation by guiding responses to hunger
and satiety—subjective feelings that are central to
energy homeostasis. However, feeding behavior
cannot be fully explained by a simple feedback loop
between hunger and eating; cognitive influences
also play significant roles, as evidenced by multiple
eating disorders. Therefore, a primary question in our
research is whether internal states, such as hunger,
can serve as cues influencing feeding behavior in ways
comparable to external stimuli like food odor or taste.
During FY2023, we successfully trained mice to
discriminate between two internal cues: hunger versus
satiety. We then asked which cue would dominate

RIKEN Center for Brain Science
Laboratory Head : Thomas John MCHUGH

when internal and external signals conflicted. A
parallel situation arises in everyday life—for instance,
encountering highly palatable food right after a large
meal. Do we heed external palatability or internal
satiety? To investigate this, we employed a conditioned
place preference task, training mice to associate one
chamber with hunger and another with satiety. We
then presented an external cue indicating hunger
while the mice were actually sated and asked them to
choose a “poke” position. Surprisingly, their behavior
was guided more by the external cue than by their
actual internal state, which is consistent with the latest
human feeding behavior theory that exteroceptive
actually dominates.

Next, by using Cre and Flp recombinases in
combination with a transsynaptic virus, we mapped
the inputs to POMC neurons in the arcuate nucleus
and confirmed a hippocampal-hypothalamic
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projection. Perturbing this projection influenced
both the feeding and learning aspects of the task.
Fiber photometry recordings of populational calcium
activity in postsynaptic POMC neurons revealed
that these neurons not only became active following
food intake (as previously studied) but also exhibited
anticipatory activity before meals (food-anticipatory
activity, FAA). Inhibiting or exciting neurons by
DREADD in the dorsal subiculum altered this FAA-
related activity. These findings suggest that the
identified neural pathway plays a significant role in
internal state-driven feeding behavior and underscore

the importance of this circuit for flexible associative
memory retrieval based on internal contextual
information. We propose that understanding this
form of “internal state memory” brings us one step
closer to promoting healthier eating behaviors.

@ Poster Presentations
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1. Zhou Yijun, Thomas McHugh. A hippocampal-
hypothalamic circuit underlying interoceptive energy
homeostasis., Neuro20204, Fukuoka Convention
Center, Fukuoka, Japan
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Accurate Disease Risk Estimation Considering Clonal Hematopoiesis: Evaluating
Accumulation of Environmental Factors From Genomic Information

INETHRABEGCEREZAVWTEZ<DKRED YRS
ETIDEERINTETWNS, £H TEBYRIICIEE
CEROH 5T REERBHELTED. WADFKE
HEERBTDIETHREBDYRATETIDLDBEBALRED
KRB EMNEBESIND, UM U, ERNZEERDEIREE
HFEEN X R L BHICERABO>TVNDIEHHD.
KFENODEENRFMIEIRECH DI ENZ N, B
IC. ZD&SHFHAMNTIEETH o2& LTH, FNSIEHA
BN FHEEVTRBIDIENTEDREDICRESNT
W3,

ZDESH, MiFE &5 ITEMBZEEI MR MR
BWTHEKRTZD70—VEEMOFEEIEFHSHIC
BoTW3, 7O—VHEMISEMEREEBEDHRST, /D
MERBRERABZEED IR EFET B ENHS
NTWB, BIC e EBITBINT 27 O0— s mid.
BARADBESINTEBRARBRREERNBEINTE
fex—h—,sHHRITENTED, LH L. BRAED
FInFEFTOI/O—VEENOFMIE -7 TV R —
RENRSNZET/AY—VIVAPEIIVYYY—Y
IVRZEHLRELTWSIcH, BETYILEBEINS R
ZRICEAVTIBESNZZEDZLEIREINTES
9. JO—VEEMOFERB/NF RIS TE Tz, &z,
INSREREFMICTHMT D ENTETHRIMPWRE
BHHD. BENFFMICHBLRABRELRT — 5 EB (B
LINTZHoD ofce AR TIE. EGCERGSTITE

MREKS © fEH =0 Yoshiaki USUI
RAMEE : EWMENFMEEY Y —
ERBMBAREME T — L
(FABR MER =5)
BEROWNANE#ICED- T\ OV &z S
RIREHN OABRICTHATZILEBLU T EEDUYRX
TETILOBBILRS MR EBDRERBICHEST DT
ExBIET,

20245 E 3, 2023FE keI Uicy O—> & mD
RBRR T IBARERBVWTHRAARETORITZ
I LTIT ol ZOMER, ERKOY—I TV RT—4
TREINZLDEZL0 70—V EEMOFRFEDRE
ICRN LTz, ZDERERIC. BAANFEDER - BiE
ZRORAERAPEEDZIRO/FHAEZHSHNICTS
ZENTE, Bic, 7O—ViEEMOEERNERIGE
BEFICEL>TERTHED, RSN TWBEERICM
Z. EDEWEBEICEWTERKRNEREZ D5 LTWS S
ENBHESME RS T, SHRIFEISHEMITZITL. LDF¥
ARy O—>HEMORERDOREEY, fROURVET
IWERHPEDETIRVDBERIEZBIELTHLFET
53

@:5_EH 3 Publications

(fe5%)

1HEHER . " KRRT/ LSBT EEC) /N EDER
EROFHE", EEDHKDH, 289 9 618-622 (2024)

®[1EEF % Oral Presentations
1. Usui Y., Endo M., Iwasaki Y., Iijima H., Matsuda

—124—



K., and Momozawa Y.: “Landscape of clonal
hematopoiesis in TP53: evaluation among 140k
Japanese individuals”, The 86™ Annual Meeting of the
Japanese Society of Hematology, Kyoto, Japan, Oct.
(2024)
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XXII-046 PR EEAREE T 7 749 > 7 OERFRIC K 5 5 7 BB ORGSR

R

Understanding propagation mechanism of distinct tau aggregates by developing a novel

aggregate profiling technology
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Elucidation of molecular pathogenesis and development of therapeutic strategies for the
immune-mediated disorders caused by the dysfucntion of transcription factors.
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Production of Low Energy Attosecond Electron Beams with a Single Layer Material and Its
Application for Atomic Momentum Spectroscopy
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XXI1-049 Adaptive Low-rank Tensor Network Decomposition:

Theory and Application

Name: Yuning QIU

Host Laboratory: Tensor Learning Team Generic Technology Research Group
RIKEN Center for Advanced Intelligence Project

Laboratory Head : Qibin ZHAO

Adaptive low-rank tensor network decomposition
represents a fundamental approach in computational
mathematics and machine learning, offering
powerful tools for analyzing and processing high-
dimensional data structures. This research area
spans critical domains including tensor network
structure optimization, generalized decomposition
methods for complex regression tasks, and practical
applications in neural network compression. The field
has seen growing interest due to its ability to address
fundamental challenges in data representation
and processing efficiency. These approaches have
demonstrated particular promise in applications
ranging from quantum physics simulations to modern
machine learning, establishing their versatility and
practical importance across scientific disciplines.

In our research, one of the key research achievement
is the development of a Bayesian Tensor Network
Structure Search framework, which addressed
the challenges of parameter tuning and structure
optimization in tensor network learning. Unlike
traditional methods that rely on manual adjustments,
our approach utilized Bayesian modeling and the
Generalized Inverse Gaussian (GIG) distribution
to dynamically promote low-rank representations.
This fully data-driven method enabled the automatic
discovery of compact tensor structures, making it
particularly effective for noisy or incomplete datasets.
To enhance computational efficiency, we designed a
Markov Chain Monte Carlo (MCMC) algorithm for
posterior sampling, which significantly outperformed
existing state-of-the-art methods in tensor completion
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tasks. These results showcased the power and
adaptability of BayesTNSS in addressing complex data
scenarios.

In tackling the combinatorial distribution shift (CDS)
problem in multi-output regression, we introduced
a novel framework based on Functional Tensor
Singular Value Decomposition (Ft-SVD). The Ft-
SVD extended classical tensor SVD to continuous
and infinite feature domains, providing a robust
foundation for analyzing complex multi-output
functions. Building on this framework, we developed
a Double-Stage Empirical Risk Minimization (ERM-
DS) algorithm that leveraged spectral properties to
improve generalization to unseen data combinations.
By formulating the regression problem as a low-
rank tensor estimation task, our approach addressed
critical challenges in applications such as healthcare
and climate modeling. This work not only advanced
theoretical understanding but also provided practical
tools for improving the robustness of multi-output
regression models under CDS conditions.
Furthermore, we explored the application of
tensor decomposition techniques in lightweight
convolutional neural networks (CNNs), particularly
for lunar impact crater detection. We proposed
a tensor train decomposition-based approach to
compress convolutional kernels in the TYOLO
network, achieving a 39x reduction in parameters
while improving detection accuracy. This lightweight
model demonstrated its potential for deployment
in resource-constrained environments, such as
spacecraft with limited computational resources. Our
results underscored the practicality of tensor network
techniques for addressing real-world challenges.

In summary, our work has advanced both theoretical
foundations and practical applications of tensor
networks through Bayesian structure optimization,
enhanced multi-output regression frameworks, and
efficient neural network compression techniques,
demonstrating the versatility of tensor methods across
machine learning and scientific computing domains.
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Formalization of Combinatory Categorial Grammar Using a Theorem Proving

Support System
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Development of an Innovative Messenger RNA Delivery System for Mitochondrial DNA
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RIERBRELT, A1 XFXFDATP G BERELT
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Dots: Size, Energy Level, and Chemical Composition

Name: Retno MIRANTI
Host Laboratory : Emergent Supramolecular Materials Research Team

Managing energy transfer in complex systems like
quantum dots (QDs) is crucial for developing energy
harvesting technologies. Creating a QDs assembly
with adjustable energy transfer direction is one of
key to progress in this area. This study centers on
developing anisotropic assemblies in colloidal QDs,
with precise control over the size, energy level,
and chemical composition of each layer. This year,
we have successfully demonstrated a symmetry-
broken electronic state and anisotropic properties
in cubic perovskite nanocrystals (PeNCs) by
depositing them on chemically modified substrates.
In the PeNCs monolayer, the four crystal facets
perpendicular to the substrate are enclosed by
the NC itself, while the remaining two facets are
parallel to the substrate, with one facing air and
the other facing the substrate. Consequently, the
symmetry of cubic PeNCs can be disrupted by
chemical interactions with the substrate. The angle-
resolved absorption and photoluminescence (PL)
spectra of PeNCs on 3-aminopropyltrimethoxysilane
(APS)-treated substrates revealed energy shifts with
varying detection angles, indicating the presence
of anisotropic electronic states in the cubic NCs in
both the in-plane and out-of-plane directions of the
substrate. Conversely, the silanization of the substrate
with long-chain alkyl silane coupling agents, such
as octadecyltrimethoxysilane (ODS), showed no
angle dependence in the absorption and PL spectra,
thus indicating the absence of anisotropy in the
PeNCs monolayer. We determined the orientation
of the transition dipole moments (TDM) in PeNCs
monolayers on various surface-modified substrates
through experiments and simulations. Vertical
TDMs were identified in the densely packed PeNCs
on the APS-treated substrate. The amino groups
of the APS-treated substrate selectively altered the
facet of the cubic PeNCs facing the substrate. These
findings suggest that the symmetry of the electronic
states and orientation of the TDMs in cubic PeNCs
can be manipulated through surface modification
of the substrate. Our study results could advance

RIKEN Center for Emergent Matter Science
Laboratory Head : Yong]Jin PU

the development of high-coverage NC films with
controllable TDM orientations for applications in
various electronic devices.

We parallelly prepared anisotropic assemblies
of perovskite quantum dots (QDs) by precisely
controlling their size. Perovskite QDs of various
sizes were synthesized using the hot injection
method, allowing for the tuning of absorption and
emission properties through size variation. A self-
assembled monolayer of perovskite nanocrystals
(NCs) was fabricated using a dip-coating technique,
with packing density optimized for each QD size
by adjusting solution concentration and deposition
conditions. Optical measurements were conducted
on several configurations such as bilayer, multilayer,
and mixed of several sizes. Initial findings of mixed
sized film indicate a significant enhancement of
photoluminescence (PL) intensity in large QDs
accompanied by drastic drop of small QDs PL,
suggesting energy transfer from small to large QDs.
Future work will focus on developing anisotropic
assemblies of QDs, alongside extensive analysis of
their energy transfer dynamics and photophysical
properties as well as their optoelectronic devices.
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Inequalities about the Convolution on Locally Compact Groups and the Relation with the
Representation Theory and Harmonic Analysis
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Generalization of the Theory of Motives and Its Applications to Arithmetic Geometry
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Learning Principle of Brain under Limitations of Computational Resources
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Constructive Description of Social Structures Using Multi-level Evolutionary Theory
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6. IREMRET KB USTTIAM ERABENE- 0T
7 Za—F 7 TIThNEEBERTILE Y N,
AR EYRZ(2025)

7. RERER CBEEICL - TTHEDRE NMEDHEINT
W 8D BESMNC LI BEOMEHR” #xd
BHREYRZ(2025)

O@[15EH X Oral Presentations

LIREREE AR DOSHRBEBEDERMRE", XL
ELEHBEDEREIS—, A 51>, 58(2024)

2. ERE ADEGBICKFTH - DOEBRIRE, Bz
HRE - \OFERFRT, R, 558 (2024)

3.Itao K.: “Evolution of kinship structures driven by
marital interactions” HARE{LZE R, #RII, 88
(2024)

4.Ttao K.: “Two Universal Pathways in Demographic
Transition” Cultural Evolution Society, Durham, UK,
Sep. (2024).

5.1tao K.: “Principles of the Evolution of Diverse
Human Social Structures: Kinship and Gift-giving”
Asian Cultural Evolution Seminar, Online, Nov.
(2024).

6. lREMRET " AOBRBICHFE_DOEBRFER", BE
AETEERFR, K5, 125 (2024)

@R A5 —H3K Poster Presentations

1.Itao K.: "Two Universal Pathways in Demographic
Transition" Population Association of America, Ohio,
USA, Apr. (2024).

XXIV-005 A Canonical Task for Modeling Naturalistic Motor Learning

Name: Matthew Stuart FARRELL
Host Laboratory . Laboratory for Neural Computation and Adaptation

During the first month of FY2024 I finished
responding to reviewers for a paper and finalized
publication of this paper. This paper explores aspects
of the storage of motor memories in neural circuits.

The main research deliverable made in FY2024 was
the development of a task for naturalistic motor
learning. This task consists of a high-level framework,
a simulation environment, and data files. In FY2024 I
developed a high-level framework with a seven-phase
task structure. This structure captures the challenges
faced by animals over multiple phases of motor
learning, from the first few trials engaging with a new
task, to mastery of multiple tasks learned in tandem. I
developed a simulation environment in the simulation

RIKEN Center for Brain Science
Laboratory Head : Taro TOYOIZUMI

framework mujoco, including the calibration of
simulation environment variables to allow for smooth
optimization in this framework. I created data
files by using trajectory optimization techniques.
These optimization techniques find control signals
that direct a humanoid agent in the mujoco
simulation framework to perform various actions.
The optimization involved generating simple target
trajectories for the hands of the agent, then using
gradient descent to find control signals that allowed
the agent’s hand to follow these target trajectories. A
custom adhesion-based actuator was also developed
to allow the agent to grab and securely hold objects.
The demonstration trajectories I generated cover the
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following scenarios: moving arms around randomly,
picking up objects, picking up and throwing a ball
at a target, and picking up a ball and tennis racket
and performing a tennis serve to hit a target. I am
currently generating more demonstration trajectories
and extending these demonstrations to the SMPL
humanoid model that is often used in reinforcement
learning.

I am currently developing a baseline model to
solve the naturalistic motor learning task by using
the generated data files. This involves training
an agent to imitate the demonstrator. The agent
subsequently refines its solution beyond the mimicked
demonstration trajectory using trial and error reward-
modulated reinforcement learning. The agent then
engages in a new activity and must later return to
the old activity and remember its learned solution.
These criteria ensure the agent learns motor actions
under conditions like those faced by animals. In the
future, the models will be compared to neuroscience
experiments, such as experiments that show that an
animal can continue to perform learned motor tasks
even after motor cortex is removed.

@ Publications

Papers

1. Farrell M. and Pehlevan C.: Recall tempo of Hebbian
sequences depends on the interplay of Hebbian
kernel with tutor signal timing, Proceedings of the
National Academy of Sciences, 121 €2309876121 (2024),
published”

@ Oral Presentations

Conferences

1.Farrell M.: Recall tempo of Hebbian sequences
depends on the interplay of Hebbian kernel with tutor
signal timing, Bernstein Conference Workshop: The
neurobiological mechanisms of sequence processing,
Frankfurt Germany, October (2024).

Internal

1. Farrell M.: Imitate, refine, remember: a task for
naturalistic motor learning, RIKEN Center for Brain
Science Young Investigator’s Seminar, Wako Japan,
December (2024).
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Noncommutative topology of quantum groups and its applications
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EULTERTEDN, EVWSHEDHH D, REEDHED
JEiED—D2& LT, ZDOMBED (MR fEIEEE#EC
BAOELGSIE, 2TOAULOEHRICH UL TEEN
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Girén Pacheco K & Robert Neagu K & D £ R
(arXiv:2410:23935) Tl&. AZKKEFwHE WS ARE
OY—WREBRDOBEBRNS LD IEARRNRE TN
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@5 F %3 Publications
(RZEFHD)

1. Yuki Arano, Kan Kitamura, Yosuke Kubota: “Tensor
category equivariant KK-theory”, Adv. Math., 453
(2024), 1098438.

2.Eusebio Gardella, Kan Kitamura, Hannes Thiel:
"Semiprime ideals in C*-algebras”, J. Eur. Math. Soc.,
accepted.

3.Mao Hoshino, Kan Kitamura: “A note on quantum
subgroups of free quantum groups”, C. R. Math.
Acad. Sci. Paris., 362 (2024), 1327-1330.

®[1EE% R Oral Presentations

(#FR)

1.Kan Kitamura: "Discrete quantum subgroups of
complex semisimple quantum groups", Expansion
in Representation Theory and Harmonic Analysis,
Kyoto University, June (2024).

2.Kan Kitamura: "Actions of tensor categories on
Kirchberg algebras”’, China-Japan-Korea Conference

on Functional Analysis, Harbin Institute of
Technology, China, August (2024).

3.Kan Kitamura: "Simplicity of Pimsner algebras
with application to quantum symmetries”, Recent
Developments in Operator Algebras, Kyoto
University, September (2024).

4.Kan Kitamura: "Actions of tensor categories on
Kirchberg algebras" (contributed talk), Quantum
groups, tensor categories and quantum field theory,
University of Oslo, Norway, January (2025).

(€25 -)

1. Kan Kitamura: "Quantum symmetries on simple C*-
algebras”, CREST Seminar, Online, June (2024).

2.Kan Kitamura: "Actions of tensor categories on
Kirchberg algebras”, Operator Algebra Seminar,
University of Tokyo, July (2024).

3.Kan Kitamura: "Tensor categories and their
realizations with C*-algebras", Operator Algebra
Seminar, Seoul National University, October (2024).

4.Kan Kitamura: "Actions of tensor categories on
Kirchberg algebras”, Operator Algebra Seminar,
Kyoto University, October (2024).

5.Kan Kitamura: "Actions of tensor categories on
Kirchberg algebras", Quantum Analysis Seminar,
Nagoya University, November (2024).
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Dedicated hardware architecture for deep learning with uncertainty
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TW3, ZNICEDATY IR EIRSh, EESRES
BEICKREBEI 2 TRERRNBRIELEINTVS, 5.
REFEOETIN ZAREREOSVWELELTINAETS
T—ABMEIMNT R EEZ 5N, RARFIC, EEY MEITk

AREKS © AH £5  Keigo NISHIDA
RAMRE | EmERZERRtEY 5 —
SESFREMEF — L
(FTBR i H3AA)
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ARARTE. TP B EEBEICH T EAEE
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N=ROT77—FT I F v DERRZITS. REEIF(1)
RAXRBEZBOA 7T NI R, (2) RAIXRE
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@zt F %3 Publications
GCE39)

1. Hosoda K., Keigo Nishida, Shigeto Seno, Tomohiro
Mashita, Hideki Kashioka, Izumi Ohzawa: "A single
fast Hebbian-like process enabling one-shot class

addition in deep neural networks without backbone
modification", Frontiers in Neuroscience, Volume
18(2024)

O®[5EHX Oral Presentations
(BEF#ER)
1L.AAEEES:"E8 Z(LUMB) : Lie-Group Update via

Multiplicative Bayes for Deep Learning", £56[0] 32 fiff
AIP HZEREREIF—, #R/1l, 28 (2025)

@/RR5—% 3K Poster Presentations
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1. Nishida K.:"Exploring Bayesian Deep Learning for
Hardware Accelerator Design", Deep Learning:

Theory, Applications, and Implications, Tokyo, Japan,
Mar.(2024)

XXIV-008 Tracing the journey of molecular complexity in star forming regions

via Deuterium Fractionation

Name: Judit FERRER_I_ASENSIO

Host Laboratory . Star and Planet Formation Laboratory

Star formation is a complex process that encompasses
the evolution of material from diffuse clouds to
planets. Even on the earliest stages of star formation,
complex organic molecules (COMs) are detected.
COMs serve as crucial tools for characterizing sources
and these constitute the organic budget that will
ultimately be available for the formation of planets and
even for the onset of life. The formation mechanisms
of COMs, as well as their journey throughout the star
formation process is yet not known. Is the organic
budget integrated into planets been inherited from
the early star formation stages, or is this budged reset
throughout the system’s evolution? In order to answer
this question isotopic fractionation, and particularly
deuterium fractionation, is used. Deuterium, formed
during the Big Bang and consumed in stellar interiors,
has a constant abundance relative to hydrogen at
fixed distances from the Galactic Centre. Deuterium
fractionation, the enrichment of molecules with
deuterium, is more efficient at lower temperatures,
such as those in prestellar cores, where temperatures
can drop below 10 K. Deuterated molecules observed
in later star formation stages are believed to be
inherited from prestellar cores, trapped in icy dust

RIKEN Cluster for Pioneering Research
Laboratory Head : Nami SAKAI

grain mantles, and released into the gas phase by the
heating of the central protostar. This process allows
tracing molecules back to their formation sites.
Deuterium fractionation has linked the formation
of water on Earth and other solar system bodies to
the prestellar core stage. The observed water D/H
ratios on Earth and comets are higher than the solar
value but similar to those in protoplanetary disks and
protostellar cores. Deuterium fractionation of COMs
can also be used, similarly to the case of water. In
recent years, really high deuterated and even doubly
deuterated COMs abundances have been observed
towards some pre-stellar and protostellar cores
suggesting that COMs, like water, may be formed in
the pre-stellar core stage and inherited to later stages
to the formation of planets. Nevertheless, so far not
may deuterated over main isotopologue (D/H) and
even less doubly deuterated over singly deuterated
(D2/D) have been derived towards the ISM. This
is partly due to the lack of accurate spectroscopic
catalogues of these isotopologues which are imperative
to detect these molecules towards the ISM.

My research aims to explore the journey of COMs
during the early stages of star formation using
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deuterium fractionation. By combining observations,
modeling, and laboratory work various COMs, the
study I provide insights into the observed deuterium
abundance ratios of COMs and their connection
to early star formation conditions. To fill in for the
gap of the spectroscopic catalogues, I measured the
spectra of doubly deuterated ethanol (CH3CD20OH)
in the SUMIRE setup in RIKEN as well as in the
Atlas setup in the University of Toyama. Currently
I am analyzing the spectrum alongside one of the
world experts on internal rotor spectroscopy, Laurent
Coudert. Furthermore, I have measured the spectra
of main isotopologue ethanol and singly deuterated
methyl formate to test the accuracy of the already
existing catalogues. In order to understand the origin
and transfer of COMs through the star formation
process I started projects that look into the D/H and
D2/D ratios different molecules towards pre-stellar
and protostellar cores. I am studying the deuteration
of c-C3H2 and methanol on 14 pre stellar sources
in Perseus. I also wrote a proposal which has been
partially observed which maps COMs and some
deuterated smaller molecules towards the IRAS16293E
prestellar core with the Yebes 40m telescope.
Moreover, I have joined the ALMA Large Program
Collaboration COMPASS where I am currently
analyzing data to derive D/H and D2/D ratios of
COMs in the HOPS373 protostellar core and compare
these to other sources. Moreover, to understand
the initial conditions that greatly constrain the
star formation process I submitted a paper where
I study the structure of the L1544 pre-stellar core
with radiative transfer software coupled to MCMC
and I partially completed HCO+ and HC180+ (1-0)

transitions observations towards 5 other pre-stellar
cores to further understand the evolution of pre-
stellar cores.

@ Publications

Papers

1.“A deep search for large complex organic species
towards IRAS16293-2422 B at 3 mm with ALMA” - P.
Nazari, J. S. Y. Cheung, ]. Ferrer Asensio, et al., A&A,
2024

2. “Fractionation in young cores: Direct determinations
of nitrogen and carbon fractionation in HCN” - S. S.
Jensen, S. Spezzano, P. Caselli, O. Sipild, E. Redaelli, K.
Giers, J. Ferrer Asensio, A&A, 2024

3. “High sensitivity molecular line observations towards
the L1544 pre-stellar core challenge current models” -

. Ferrer Asensio et al., ApJ, submitted

@ Oral Presentations

Conferences

1. “Tracing the Journey of Molecular Complexity in
Star Forming Regions via Deuterium Fractionation”
- Astrochemistry Workshop / April 2024 / Tokyo,
Japan

2.“Doubly deuterated ethanol: Spectroscopy and
Interstellar Search” - Fractionation of isotopes in
space I / November 2024 / Florence, Italy

@ Poster Presentations

Conferences

1. “A laboratory study for rotational spectroscopy of
doubly deuterated methanol (CH2DOD) by SUMIRE”
/ November 2024 / Tokyo, Japan
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Study of Various Cluster Structures in Nuclei : New Perspective by Using Isospin Rotation
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@i FH 3K Publications
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1.]. Kahlbow et al., “Magicity versus Superfluidity
around **O viewed from the Study of *’F”, Phys. Rev.
Lett 133, 082501 (2024)

2.P. André et al.,"Evolution of the two-neutron
configuration from "Li to "Li", Phys. Lett. B 857,
138977 (2024)

3.S . Koyama et al., “Mirror symmetry at far edges of
stability: The cases of °C and *He”, RIKEN, Accel.
Prog. Rep. 57, 26 (2024)

O[I5EF K Oral Presentations

1.S. Koyama, “Charged particle decay from a highly
excited state”, SAMURALI international collaboration
workshop 2024, Deajeon, Korea, Jul. (2024)

2.S. Koyama, “Particle decay from IAS to investigate
the internal structure in nuclear system”, SAMURAI
international collaboration workshop 2024, Deajeon,
Korea, Jul. (2024)

3.S. Koyama, “Quenching of spectroscopic factors in
proton-rich p-shell nuclei”, advancing physics at next
RI Beam Factory 2025, Wako, Japan, Jan. (2025)
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Non-Equilibrium Quantum Dynamics Approach to Holography
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O®[1EE% 3k Oral Presentations

1. "Higher-form symmetry and eigenstate thermalization
hypothesis," 2024 East Asia Joint Workshop on Fields
and Strings, National Sun Yat-sen University, Nov.
2024.

2."Auxiliary field sigma models from 4D Chern-Simons

theory," 2024 NTU-Kanto Joint High Energy Physics
Workshop, National Taiwan University, Nov. 2024.

3."Higher-form symmetry and eigenstate
thermalization hypothesis," NCTS-iTHEMS Joint
Workshop on Matters to Spacetime: Symmetries and
Geometry, NCTS, National Taiwan University, Aug.
2024.

4." #1815 %% & TR E D Z 2 £4°X T Chern-Simons 3
i, BAYEZRB7ILFRAR, ILBEKRZE, Sep.
2024.

5."RERECETRERRG, BBOETFREZD
I, EREYIREIITRR, JREK, Sep. 2024.

@R A5 —H3K Poster Presentations

1."Higher-form symmetry and eigenstate
thermalization hypothesis,” Symmetries 2024,
Mathematical Institute, University of Oxford, Aug.
2024
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Research for the Vacuum Structure of Strongly Coupled Quantum Field Theory
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®[I5EF S Oral Presentations
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1.Hayato Kanno, Shinichiro Akiyama, Kotaro
Murakami, Shinji Takeda, "Grassmann Tensor
Renormalization Group for two-flavor Schwinger
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model with a theta term", PCTS-Simons
Collaboration Confinement and QCD Strings, PCTS
(Princeton Center for Theoretical Science, Princeton
University), Nov. (2024)

2.Hayato Kanno, Shinichiro Akiyama, Kotaro
Murakami, Shinji Takeda, "Grassmann Tensor
Renormalization Group for two-flavor Schwinger
model with a theta term", Lattice 2024, The University
of Liverpool, Jul. (2024)
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LEFEA, LE—R, §EHKE, RHEX,
"Grassmann Tensor Renormalization Group for two-
flavor Schwinger model with a theta term", BA¥)3#
FPR2024FFRAR, ILBEKXZ, 9 (2024)

2EFEA, KILE—BF, N EHMXE, RAERX,
"Grassmann Tensor Renormalization Group for two-
flavor Schwinger model with a theta term", ZR¥IF4J
R DER2024 (PPP2024), REERZEEEVIBATR
Fir, 8A (2024)

3SEFEA, WILE—BR, & EHARN, RAEMX,
"Grassmann Tensor Renormalization Group for two-
flavor Schwinger model with a theta term", 3 O 3%

e KB ER2024, REBKFEBYIEZMRFR, 88
(2024)
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1.Hayato Kanno, Shinichiro Akiyama, Kotaro
Murakami, Shinji Takeda, "Grassmann Tensor
Renormalization Group for two-flavor Schwinger
model with a theta term", RBRC Seminar, BNL, Dec.
(2024)

2.Hayato Kanno, Shinichiro Akiyama, Kotaro
Murakami, Shinji Takeda, "Grassmann Tensor
Renormalization Group for two-flavor Schwinger
model with a theta term", Physics Seminar, RIKEN
iTHEMS, RIKEN, Jun. (2024)
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1.Hayato Kanno, Shinichiro Akiyama, Kotaro
Murakami, Shinji Takeda, "Grassmann Tensor
Renormalization Group for two-flavor Schwinger
model with a theta term", YITP workshop Generalized
symmetries in QFT 2024, Kyoto University, Sep.
(2024)
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Rigorous formulation of the generalized symmetries from the viewpoint of lattice gauge

theory

FIARRERL. COFHORNDERERTH SR
FZLRITBHDEFRICHITEIAMMECDODNT, 20D
IEFDIRRERRRFE R BIEN - BAGERNICERET S
HATH B, HOEFimIIZDRELER, BmEEKICE
ROHEEZREATED, HENICHECEET SN
RETH B, INICHITB2—DDELZINLETTO—F
FRFIT—YVEBREFIENZBRRNILIB TOERIC
EAHtE I BB@mOERE TH 5, —/7 7T YHEIC
BIFENMEZRWBBER EDBITIE. BDEF®
DIFEEHNROEBRE (F4—7 - \ROVEEBPHZ—
BIZEH) ICERBFESERIFTEELSNS EFED
—MRAE K FRMEIC L2178/ S T LFFER ICILER Y
BRRICEASN. YHEERTHEEZ<ORNZESHT
W3, BOEFRICHITE—MRILIIEDZEREFRKEIE
WmHTHEHM T, ELICERMES NICEBERS DR WERH
N7 7O0-F%5Z, S6RBZSRDIGAZEAD L
HIFETH %,

WMEREKS - I BA  Okuto MORIKAWA
ZAWMRE  HIBAETOT T L
(FFBR #HB &%)

INETORDOMRTIE. BERFERT — I MHREDIE
Fr—YBHRTORRENT—TN - 7/ —DERH
HEERAE S R foo REFRKRUILRI TIE. thOBEED—
AL INE TH 2R RBERTRIEZE VR Y ¥ MY IR
FEDHETHEB U RFOWMMEU () 7/ U—ICIE
N ENFET DR TFHAITIL - F—IEBR
DEBICE>TERBL, TORHMWLREBEERIREE
HETEAREIC UTco 22 THATIL - 5=V RO
BRENIFEIECICEZEZGREETH D, AlOHFTE
ULTC2RTTRTOMRY VMEEERWAEFEREZT
feo Tl BF I —VEBRICK > THBEE RS IIFES)
FRNTAF IO ZOBIEFEICDOWT, REEIFZDI—
RREIREEBOHEERTo T\, FTHEELEELTL
% JuliaS EBEOKRTF T — YR/ Oy o —JuliaQCD ©
FRICEDD, BRERT—IBIcHIE T 2AIRRHER
E{Tolzo FDLET. () AKDVIL—TEHICRNT—T -
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1.Honda Y., Morikawa O., Onoda S., and Suzuki H.:
“Lattice realization of the axial U(1) non-invertible
symmetry,” Prog. Theor. Exp. Phys. 2024, no.4,
043B04 (2024)

2.Morikawa O., Onoda S., and Suzuki H.: “Yet another
lattice formulation of 2D U(1) chiral gauge theory
via bosonization,” Prog. Theor. Exp. Phys. 2024, no.6,
063B01 (2024)

3.Abe M., Morikawa O., Onoda S., Suzuki H., and
Tanizaki Y.: “Lattice construction of mixed 't Hooft
anomaly with higher-form symmetry,” Proc. Sci.
LATTICE2023, 361 (2024)

4.Abe M., Kan N., Morikawa O., Nagoya Y., Onoda
S., and Wada H.: “Higher-group symmetry in lattice
gauge theories with restricted topological sectors,”
Proc. Sci. LATTICE2023, 365 (2024)

5.Morikawa O., Tanaka M., Kitazawa M., and Suzuki
H.: “Lattice study of RG fixed point based on
gradient flow in 3D O(N) sigma model,” Proc. Sci.
LATTICE2024, 349 (2025)

(ZD1th)

1. Morikawa O., and Suzuki H.: “Winding number on
3D lattice,” submitted, arXiv:2412.03888 [hep-lat]

2. Abe M., Morikawa O., and Suzuki H.: “Monte Carlo
simulation of the SU(2)/Z_2 Yang-Mills theory,”
submitted

3. Abe M., and Morikawa O.: “Numerical simulation of
fractional topological charge in SU(N) gauge theory
coupled with Z_N 2-form gauge fields,” submitted

4.Morikawa O., Onoda S., and Suzuki H.: “Novel
Lattice Formulation of 2D Chiral Gauge Theory via
Bosonization,” submitted
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1. Morikawa O.: “* Towards computational foundations
of generalized symmetries,” Seminar at Field Theory
Research Team in RIKEN R-CCS, RIKEN, Kobe, Apr.
(2024)

2.Tanaka M., Kitazawa M., Morikawa O., and Suzuki
H.: “Lattice study of RG fixed point based on gradient
flow in 3D O(N) sigma model,” the 41st International
Symposium on Lattice Field Theory (Lattice2024),
The University of Liverpool, July(2024)

3.Morikawa O.: “Lattice implementation of
generalized symmetry and 't Hooft anomaly,” NCTS-
iTHEMS Joint Workshop on Matters to Spacetime:
Symmetries and Geometry, National Taiwan
University, Aug.(2024)

4. 7% )I1{E A “Complete implementation of generalized
symmetries on the lattice,” BERXIIFIEIC L B15 & K22
DIAF IV 22024, RRIEKRF, 95 (2024)

5. &FNBAL NIFEE T2 WKB BT IC LB EREH
IBREDIFBEERL,” BAYIEERE7IBIFRK
=, LEEXRZE, 9A (2024)

6.Morikawa O.: “Lattice non-perturbative
foundation of generalized symmetry and
applications,” Seminar at Theoretical Particle Physics
Group in Shinshu University, Online, Nov.(2024)

7. Morikawa O.: “Computational lattice foundation of
generalized symmetry and its applications,” Seminar
at Theoretical Particle Physics Group in University of
Tsukuba, University of Tsukuba, Nov.(2024)

8. #%/IME A “Lattice non-perturbative understanding
of generalized symmetries and applications,” HA&)

BE0255FEFFTRE, AV F71VFE. 38 (2025)
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1. Morikawa O.: “Symmetry and anomaly in lattice

gauge theory,” iTHEMS NOW&NEXT 2024, RIKEN,
Wako, July(2024)
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XXIV-013 Finding the Missing Sulfur in the “Hot Disks” of Massive Protostars

Name: Ziwei ZHANG

Host Laboratory . Star and Planet Formation Laboratory

In this project, we aim to solve the challenging topic
in the star formation process - the detectable sulfur
abundance in star forming regions is significantly
lower than that in the interstellar medium (ISM),
namely the "missing sulfur" problem. Such topic is
studied through analyzing sulfur-species in both
low- and high-mass protostars. For low-mass sources
(e.g., L1527), we focus on volatile species (e.g., SO
and SO2) and probe the heated regions with sulfur-
bearing molecules. While in high-mass sources (e.g.,
Orion Source I), which is more preferable with the
dust grains are being evaporated in the “hot disks”,
we could detect both volatile and refractory species
(e.g., SiS). A strong international collaboration,
Astromineralogy of REfractory and Salt species
(ARES Program), for the observation and analysis of
the molecules in massive protostars is formed for this
purpose. We are capturing the majority of the sulfur
abundance in massive protostars by carrying out an
observational survey of massive protostars with a
multiwavelength approach. Atomic sulfur and other
related atomic species (e.g., Fe and Si) are observed
at ground-based and space infrared observatories.
While molecular sulfur is observed with sub-mm
observatories, such as ALMA. The comprehensive
theoretical analyses are conducted with both
molecular excitation models and photoionization
models. Molecular excitation analysis with sub-mm
data would be performed with radiative transfer
models, which are efficient tools to analyze molecular
emissions. In particular, new collisional data for
SO is generated. As for infrared observation data,
photoionization models with extensive physico-
chemical networks are prepared. The novel strategy
could blaze the trail of sulfur budget constraints
in not only star-forming regions but also in the
dense ISM in general. As the project also takes solid
evaporation into account, we extend the research to
many other disciplines, such as the silicate experiment
ins Spring-8 and the analysis of asteroid samples (e.g.,
Hayabusa 2).

@ Publications

1. Zhang Z. E; Stancil P. C,, et al., : NLTE Analysis of
SO in Star-Forming Regions. Ap/. submitted”

2. Zhang, Z E.; Sakai, Nami, et al., : FAUST. XIV.
Probing the Flared Disk in L1527 with Sulfur-
bearing Molecules. ApJ. 966, 2, 207. published*

RIKEN Cluster for Pioneering Research
Laboratory Head : Nami SAKAI

3. Podio, L.; Ceccarelli, C,; et al., : FAUST. XVII. Super
deuteration in the planet-forming system IRS 63
where the streamer strikes the disk. A&A. 688, L22.
published”

4. Hoftman, Daniel; Taylor, Josiah; et al., : Rovibrational
Transitions in HCI due to Collisions with H2: Spin-
free and Hyperfine-resolved Transitions. ApJ. 969, 1,
7. published”

5. Fuente, Asuncion; Roueff, Evelyne; et al., : PDRs4AlL
IX. Sulfur elemental abundance in the Orion Bar.
A&A. 687, A87. published”

6. Van De Putte, Dries; Meshaka, Raphael; et al.,
: PDRs4All. VIII. Mid-infrared emission line
inventory of the Orion Bar. A&A. 687, A86. published*

7. Chahine, Layal; Ceccarelli, Cecilia; et al., : Multiple
chemical tracers finally unveil the intricate NGC
1333 IRAS 4A outflow system, FAUST XVI. MNRAS.
531, 2. published"

8. De Simone, M.; Podio, L.; et al., : FAUST. XV. A disc
wind mapped by CH30H and SiO in the inner 300
au of the NGC 1333 IRAS 4A2 protostar. A&A. 686,
Li3. published”

9. Chown, Ryan; Sidhu, Ameek; et al., PDRs4All IV.
An embarrassment of riches: Aromatic infrared
bands in the Orion Bar. A&A. 685, A75. published”

10.Peeters, Els; Habart, Emilie; et al., : PDRs4All: III.
JWST's NIR spectroscopic view of the Orion Bar.
A&A. 685, A74. published*

11.Habart, Emilie; Peeters, Els; et al., : PDRs4All. II.
JWST's NIR and MIR imaging view of the Orion
Nebula. A&A. 685, A73. published*

12.Sabatini, G.; Podio, L.; et al., : FAUST. XIII. Dusty
cavity and molecular shock driven by IRS7B in the
Corona Australis cluster. A&A. 684, L12. published”

@ Oral Presentations

1. Zhang, Z E. : “Probing Star Forming Regions with
Sulfur-bearing Species” SJTU Seminar, Shanghai
China, 2024 Oct.

2. Zhang, Z E; Stancil P. C,, et al., : “NLTE Analysis of
SO in Star-forming Regions” COSPAR, Busan South
Korea, 2024 Jul.

3. Zhang, Z E.; Sakai, Nami, et al., : “Gaseous Dust in
Massive Protostars” REMU, Saitama Japan, 2024
Jun.

4. Zhang, Z E.; Sakai, Nami, et al., : “Probing the Flared
Disk of L1527 with Sulfur-bearing Molecules™ Next
Generation Astrochemistry Meeting, Tokyo Japan,
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2024 March.

5. Zhang, Z E.; Sakai, Nami, et al., : “Probing
the Massive Hot Disks with SiS”, Laboratory
Astrophysics Workshop (ICE 2024), Hawaii USA ,

2024 Feb.

6. Zhang, Z E.; Sakai, Nami, et al., : “Probing the Flared
Disk of L1527 with Sulfur-bearing Molecules”,
FAUST Meeting, Firenze Italy, 2024 Feb.

XXIV-014 W7 3 — 7 HIRIZ & /NS RHERICBIT 5 QGP Wi

Measurement of heavy quark to study property of QGP in small system

BF+BFEECE T HIRERZAVCRIERE2M
FHEBDRIEIC K> TN BRERRICEITZ QCP (&7
QGP) D FEN TSN, BRMNRF&IAZFAET (CERN)
DORE/N\ROVERBIN®ESE (LHC) Ty IAT>
E Iz R (BNL) O N E 1 7 > &2 8 pnE e
(RHIC) Z AW T A AR OB IE S K7 1R E .
BT TR FIERNEZBL NS QGP DM E R
B DBIEIN TN TE o NTHQGPITEWT
b, BEAAVERICHITEREQCP DIHEERIKRICH
WRUMEETILCHRREZLKERTE TV, LA,
INEZQCP R EDLSICEMENZDNEVNSIAHLZX
LlFoMo>TWRW, /NS7EQGP DO KD EH Rz IE
BRI DIDICIF. Fr—LPRRAEWSTEEA—TD
HENEATH D, MEEIE. 2024FEICEE LIS
F+BFERERT—FEBAVT EVWIA—JDBIEICE
DIHATWS, HEHIF, 2024 F9BDEEERICBNL
NEMU. BF+BFERET —YOIRBE LU20255F
ICFEEINTVIE+EEFRERORABRELICSML
feo BEWI A=V DRIE T, BIBADRFE LPRINERE
BROBER L%EERE T S/HIC. Intermediate Silicon
Tracker (INTT) D& 22 %&EIZRicd. ZOINTTIE
BT —IREBICEVWGERZHE > THD, HEED
2025F D& +RFERT —YIRICEVWTRIREEDE
REAEZBOHDODEENGRBRZBAL, BREE
(& RE BB LB F+HBFERT —YZRVWT &b
B 22 A ICEVLWMAPS Silicon Detector (MVTX) % &
DY aAVEEBRTER LA BN T ORIBERD/C
TA—NYVRZHBEL, EVTHILAOYIaL—yaVvIC
FBBEMEOFMEEDT NS, UL, YUV
HERDAHTHEBRULRIOEESENREEIF10% EE
ERENELL BLWEBENREEEER T 2OHICIF.
VYAVIEHBREEDOINEICAIE T S Time Projection
Chamber (TPC) NEETH %, &I BN 2024 F i

MERERXS © BO #AF  Yuko SEKIGUCHI
RAMAE © CRILERBZMRE LY 5 —
RHICYEMRE
(FFBR MERZ)

F¥OT—YIEHEFEREFOMEICIDTPCH
BEELTWRWRRTH > fefcsd REFIFTPCOS
5 CAMENIC AL & 9 B Electromagnetic Calorimeter
(EMCAL) &)V RMZ#FE DT 2 RIMBE 7 IL
TURLZERELTED. INIcKDBEHENREEZ K
%DBEICETHEIEZZEEBRELTWD, D&
RfREE LT BER LYY OV R E B\ B
FO2NTFREBEREZTV. ERZ2025F48 [CHfES
NZ2IA—IRI—RBETRAY—RKKITDFETH .
SREEIE, RFFBR 7T VX LDBEESISITHED,
BF+EFEECRTIEVNIA—VDAEEHETD
EEBIT BBMBI2BIENMFITFESN TV DS+
EERICEWT BAMNERZASINTTOEREZEE
D—ANELTIIY IANT VEMRARAICRIEHEL.
REBOREVCERET —YINBICRET DETET
H3
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1. ALICE collaboration, “Measurement of beauty
production via non-prompt charm hadrons in p-Pb
collisions at \Sxx = 5.02 TeV”, JHEP 11 (2024) 148

2.ALICE collaboration, “Rapidity dependence of
antideuteron coalescence in pp collisions at Vs = 13
TeV with ALICE", Phys.Lett.B 860 (2025) 139191

3.ALICE collaboration, “Measurement of the
production and elliptic flow of (anti)nuclei in Xe-Xe
collisions at VSyy =5.44 TeV”, Phys.Rev.C 110 (2024) 6,
064901

4.ALICE collaboration, “Probing Strangeness
Hadronization with Event-by-Event Production of
Multistrange Hadrons”, Phys.Rev.Lett. 134 (2025) 2,
022303

5.ALICE collaboration, “Investigating Abaryon
production in p-Pb collisions in jets and the
underlying event using angular correlations”, Phys.
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Rev. C 111 (2025) 1, 015201

6.ALICE collaboration, “Charm fragmentation
fractions and c¢ cross section in p-Pb collisions at
S = 5.02 TeV”, Eur.Phys.].C 84 (2024) 12, 1286

7. ALICE collaboration, “Investigating strangeness
enhancement with multiplicity in pp collisions using
angular correlations”, JHEP 09 (2024) 204

8.ALICE collaboration, “Investigating strangeness

enhancement in jet and medium via ¢(1020)
production in p-Pb collisions at \Syy =5.02TeV”, Phys.
Rev.C 110 (2024) 6, 064912

9. ALICE collaboration, "Measurement of beauty-quark
production in pp collisions at ¥§ =13 TeV via non-
prompt D mesons”, JHEP 10 (2024) 110, JHEP 10
(2024) 110

XXIV-015 Achieving Robust Single-Photon Blockade with a Single Nanotip

Name: Ran HUANG
Host Laboratory : Quantum Information Physics Theory Research Team

Description of research: In the present study, a
purely quantum effect, i.e., single-photon blockade
(SPB), is achieved in a nonlinear whispering-gallery-
mode microresonator with the presence of strong
backscattering losses by introducing an additional
nanotip. Backscattering losses, due to intrinsic
imperfections or external perturbations that are
unavoidable in optical resonators, can severely affect
the performance of practical photonic devices. In
particular, for quantum single-photon devices, robust
quantum correlations against backscattering losses,
which are highly desirable for diverse applications,
have remained largely unexplored. Although,
backscattering losses can lead to the breakdown of
SPB in conventional systems, we find robust SPB can be
revived with an efficiency of up to 99.7% by precisely
tuning its position. This SPB is robust against different
strengths of backscattering losses. Moreover, different

RIKEN Center for Quantum Computing
Laboratory Head : Franco NORI

from the behavior of classical mean photon number,
SPB can emerge when the mean photon number is
still suppressed, because our findings do not merely
rely on the nanotip-induced destructive interference,
but on the interplay of the resonator nonlinearity
and the nanotip-induced optical coupling. Instead
of analyzing light amplitudes, we focus on quantum
correlations and the transitions between quantum
states, which hold the potential for implementations
in quantum information technologies. Our findings
drive the field of backscattering suppression into the
quantum regime, hence making it possible to realize
a variety of quantum backscattering-immune effects,
such as multi-photon blockade against backscattering
losses or one-way single-photon transmission, for
potential applications of nanoscale engineering in
robust quantum devices and the protection of fragile
quantum resources.

XXIV-016 FEFHBIN 2 EBT 59 7 3V B eisEmi o

Development of Submillimeter Imaging Spectroscopy for Precision Cosmology

FHREADKATHSRAFRELOFREHKIE. X
ICETTUTWSFHOBIEFHDIRIG TH D, DEE
BERICHESIRAIEANBOTSAVES ZAET D FRE
LT SURY T IUREDILFHICOc 30 REE
ANENTH S, MR TR RAFOT X EE A
EzldUoHeI2EAFHBNOREZEIELT B

HREKS - FH BN Shinsuke UNO
ZAMRE . AEFIEHREY Y —
TFINIVAA=IVTHEF— L
(FFBR K& #M17)
BEBORSSVUBEELFRESRTLAZRAVWIUK
H 02 USKE DA SO R GREATZERT 5,
REEF, BELLIVIKIS0GHZ FREBR DA
FMRBEERBE U, CORBEB|IEIVIAVYFvTEI
EBUBEERRKTHD. FEm7Z VYT FTRIFLEA
HBHFEIAVORAEA VT U5 > % HER (MKID;
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microwave kinetic inductance detector) ICIXUXE
BT TS, 2DMKID DRIERICA > FvFDIN RIX
274N —zEHREUTRREZAR TR LIk
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THEVERERD, HICSEIRAWRHBOVERAT U1
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BAUTc. 2 THRIZMHIT Bcohic, BERTIVIRD
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AT S 5 MKID O E iRz AIE Ui figR, 5
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1.Inoue S., Chin K. W., Uno S., Kohno K., Niwa Y.,
Naganuma T., Yamamura R., Watanabe K., Takekoshi
T., and Oshima T.: “A Design Method of an Ultra-
Wideband and Easy-to-Array Magic-T: A 6-14 GHz

Scaled Model for a mm/submm Camera”, J. Low
Temp. Phys., 216, 378 (2024)"

O®[5EH XK Oral Presentations

(B

LFHEN, BRE, #LHEE, AHFEREB, KEFK, /M
B, BHA, RBWREE, IUNZN, BB, BEEH—,
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LY —EEOFRFHE", HBARLER2024FENEE
=, BEFERARE, 98 (2024)
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1. Watanabe K., Uno S., Inoue S., Takekoshi T., and
Oshima T.: “GLTCAM: Evaluation of a Scaled Model
of On-Chip Bandpass Filters for Millimeter-Wave
multi-color camera”, 25th East Asia Submillimeter-

wave Receiver Technology Workshop, Daejeon,
Korea, Dec. (2024)

XXIV-017 Implementation of a Cold Strontium Atomic Interferometer for

Gravitational Acceleration Sensing on an Optical Lattice Clock

Apparatus

Name: Quentin D’ARMAGNAC DE CASTANET

Host Laboratory : Quantum Metrology Laboratory

In his formulation of General Relativity, Albert
Einstein predicted an energy loss of electromagnetic
waves travelling out of a gravitational well. Therefore,
by definition of the gravitational potential, a clock
at a higher altitude will measure a higher frequency
than an identical clock at a lower altitude. The ability
to resolve a height difference through frequency
measurements is known as chronometric leveling, or
relativistic geodesy. In the past decade, optical lattice

RIKEN Cluster for Pioneering Research
Laboratory Head : Hidetoshi KATORI

clocks have taken frequency measurements to an
unprecedented level of performance, enabling a large
variety of so far impossible measurements including
centimeter-scale chronometric leveling. Many short-
term practical applications are closely related to
geophysics, such as a global height reference definition
through an accurate geoid mapping or monitoring of
slow slip events and dynamic gravitational potential
differences induced by volcanic activities or crustal
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motion.

Nevertheless, the gravitational potential is related
to the difference in altitude through the local
gravitational acceleration, the accuracy and
stability of which will ultimately determine the
absolute performance of the chronometric leveling
measurement. Among quantum instruments, cold
atom inertial sensors stand out as one of the most
mature technologies and quantum gravimeters have
already proven very efficient on-field. Additionally,
optical lattice clocks and matter-wave interferometers
are based on similar apparatuses and involve several
identical processes, making it an ambitious yet natural
prospect to realize a high end, versatile quantum
sensor that could measure both the gravitational field
and the corresponding potential with interleaved
measurements of acceleration and frequency.

A preliminary estimation of the required
performances for this quantum gravimeter led
to the dimensioning of a measurement sequence

and appropriate apparatus, bearing in mind the
compatibility with the state-of-the-art optical lattice
clocks developed in our group. Before realizing a
field demonstration of such versatile sensor, the
atom interferometer yielding the acceleration
measurement alone must be carefully examined,
which is why it was decided to build a dedicated
apparatus providing an ideal platform for refining
the experimental parameters and subsequently
duplicating the procedure on the transportable device.
After these first few months, the vacuum chamber
was sealed and lasers were assembled, leading to the
first observation of a slowed strontium atomic beam.
Subsequent cooling in a two-stage magneto-optical
trap and quantum purity enhancement through
spin-state selection will then provide a well-defined
atomic source, making the realization of a quantum
gravimeter based on clock atom interferometry within
reach.

XXIV-018 2 @il i1z & 5 THz Il o

Development of Terahertz Response Measurement Technique Using Two-color Excitation

Photoluminescence

FIANILY (THz) Hidk. ZOEEEHGERIAZ e >
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ZETSWCNTORNIEEMRLTEfco ZDcs. 2D
EAAERETHz K Z A EDED LT 2BRIEI
LBEABANBATEDZLEZ D, TITSEER.
OFERYTZTHZ R ROER, @2 EBRMERELAERD
BE, QFNEAWSWCNTICH T ZHEAELDEHR
D3 D=EBEICIHARZIT o>,

OTHz XRDOEE : BIHFD T ALY KRR F —
LDOHADS &, BEEBSERAIZE THz /VLZAITRE
EZiToTco SER UL THZ R I, HAREANDERS
SErLTW3,

Q@2EmMERIATERDEBE  BBFORILAERT
FTHz ROBANRNABETH olcfeth, BHEEIE. 1
NESEREL. ZOEAAEROBBREAELIT-
foo IRTE. THZRRDBADBTETULTHED. BRI E
THz X =R ICRE TR 2 BMERALROBEDE
ENTETLTWS,

Q@THzRIC L ZDEXZNOEA  AEET I B
BREXODEMEZEINTEIEEETETVRL, ZDiE
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1. Nishidome H., Omoto M., Nagai K., Uchida K.,

Murakami Y., Eda J., Okubo H., Ueji K., Yomogida
Y., Tanaka K., Yanagi K., Kato Y. K.: “Control of
terahertz high-harmonic generation in single-walled
carbon nanotubes by tuning Fermi level”, ASPIRE-
EXAR Kick-off Workshop, Sweden, May (2024).

2.Nishidome H., Takida Y., Minamide H., Kato Y. K.,:
“Construction of a THz-induced photoluminescence
measurement system”, JBRfS 2 IRI I L 0 E12[E T
ETIFNZ, MY, 128 (2024).
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Development of Novel Quantum Many-body Physics Based on Augmented Multipole

22T FEICHESNEHTEVEFRBILER
CeRh,As, IZHHMFIC2 DDRBIZERERE L. &F/CU
T BEEREORENEFINTWS, F/NUTF8
GEERENROVALBLEERFEORWESTHD., £
FAVE1—9 \DIAGENBIARFEIND, 2DOF/N
U7+ BB D RSIR I3 BT T 22 8 K 85 5 AR 2 B
HIERBEICH D EEBMINTVDD, FlRBEER
RBOREICITLUZVMEOEFREICEDERNNER
AIRTH Do Elc. BEKHIE (NMR) ERICLDE. T
INUTF 1 ZIBFO—TETH DU EBFHRFI RSN
THD. BLERREEEOREEDEKREN, Z0K
SERROT. AESBEAEF K (ARPES) BIEH T
bn. BFREFELOERNEIN TS, ARPESHI
EDHRICED, XiEEICvan Hove ESNEEL
TWBZE MEAEFEICEWDirac aNEELTVWS S
ENERES N, INSHBNBREFREDTICREL
I OHSIBECBILEREICOVWTER U .

BEVBTROBETREFROHTEMETH D, RAMAE
B U KRS EERE ICH UCETE R ELAEAT
2 EIFBENTRWN, 22T CeRh,As, DEFIREE
FEZERT 2L OAMB{E S NI A Andersoni&
WERBELU, BoNERICK UTELMEAE R LZE
RAUBSIESE L BEEREBERAN .,

BREBESETICEALTE. ANARIBBRFIESEICK
5T BHALENAFKELNMRAEEEATEZT—IME
Shfco 7T )LIHELLEEEIC Dirac SAMIE T 2B EIC
F. EFEAEFENDRBBEHROKMFRNIEE N B
HARBSIESETZ5|ERITIENTISNTWDS, KifF

MEEKXE : BIE RN Kosuke NOGAKI

RAMAE : AIRPERARREY 5 —
SEMEREMRT —A
(FFER HBH TAE)

FOBRICEWTEMEADEW Dirac ah\ 7 o LI #EAL
EFEICABELTED. EFHMICHRT 2BIE S HER
FRESENESNEEZITWS,
BonfBNBEREBFIESTICLDENSNBIE
BICOWTERLTHD &, BV Dirac RICHER T 2/0E
BRI7DIVIEICELSBET 2L SBBILERFEHNLE
5N fco CeRhAs, DIEATHERE LB L. EELIHED
B, thEE. Bm#IBIED B, RETH D EERE L,
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Y. Cheng, F. Yang, Z. Chen, F. Zhu, Z. Liu, J. Mei, Y.
Yanase, B. Lv, and Y. Huang: “Coexistence of near-E;
Flat Band and Van Hove Singularity in a Two-Phase
Superconductor”, Phys. Rev. X 14, 021048 (2024)

2.]. Ishizuka, K. Nogaki, M. Sigrist, and Y. Yanase:
“Correlation-induced Fermi surface evolution
and topological crystalline superconductivity in
CeRh,As,”, Phys. Rev. B 110, L140505 (2024)

3.K. Nogaki and Y. Yanase: “Field-induced
superconductivity mediated by odd-parity multipole
fluctuation”, Phys. Rev. B 110, 184501 (2024)
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Studies on the Timescale of Thermalization in an Isolated Quantum System in
Light of Local and Quasilocal Conserved Quantities

M EFRORTEL @) IE. EFFETED R
THROE BRITBWEFEZHRRTROSNDIERTH %,
ZDESBREARD B2V ERTOE L EERINIC
BZICRITT20EE UL, INhETOMEITKETE
ICHEEDEAMNKEN>Tze UM L. BBETALDLS %
BESTEFETIE. AEV/ 2R THREVH20REE
TUNMRAY BABRED VAT LY REFHEZANS
ZEDELW, BNTH, BMEORBERT—ILDOYRT A
B REMG. RROKREREBEDI DELTHEINT
W3, COKSIRIRRAZITRT BIHITIE. PIFDEEE R
BRBICLZ 7 7O—FNEFLVWEEZ 5N,

¥4, N. Shiraishi, EPL 128 (2019) 17002lc &b,
HBDIVRTAEVT2RICEWT, BRTRGFEDARTENEE
BHEINhic. BRIREEDOAREF. EFFIBMEEIFE
AEEMPEEEZSNTWSH, TNIZFEDREA
HRITIRW C EDRIE RN, BRYEDY—T vk
EIRDBBIENHESMCEINLEE>TH LW, KR
TI&. Shiraishi (2019) DFEZIFUHET B, BER
FEEE->T BLOELOREICED A OWTIE
B OB AT —ILORRICE I 22BN ET 5,

AEEEF. £FTHABDROMNEBREDOERD
BEICBDBEARL, EFROIRILF—EEIRED.
HMREDHSDZERZIEVN, FiIc+DRVFEBEIRT
DR RIE. EERENBANNESHICEAIND,
FERIED R IE“ FRIT IRV fosb, IRTOEIBREEER
THZEFELUWH, BNBRERRREICOWTIE. 20
— IS EENICER U BN oI, Sl H21E
B, #REEICEEIZIRILF—ZEDO0DOHOD
IXRILF—EBEBEREZHETNICERL. ZNHETH
B LZ, 51T, ZOBRENIEREN TH B
&% Shiraishi (2019) OFEZFE>TR LT,

2 5. Shiraishi (2019) D FED LR ICHELD 8
AT, BEFEMICIE. BRTEFADIEERE LT 2RTT
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Fles BRAEUADIERELT, AEVIDbilinear
biquadratic B DIERIED AR Z T > e,
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Nonintegrable Spin Chains at Infinite Temperature”,
Phys. Rev. Lett., 133, 170404 (2024)*

2.Yamaguchi M., Chiba Y. and Shiraishi N.: “Complete
Classification of Integrability and Non-integrability
for Spin-1/2 Chain with Symmetric Nearest-Neighbor
Interaction”, arXiv:2411.02162 (2024)

3.Yamaguchi M., Chiba Y. and Shiraishi N.: “Proof of
the absence of local conserved quantities in general
spin-1/2 chains with symmetric nearest-neighbor
interaction”, arXiv:2411.02163 (2024)

4.Hokkyo A., Yamaguchi M. and Chiba Y.: “Proof
of the absence of local conserved quantities in the
spin-1 bilinear-biquadratic chain and its anisotropic
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5.Chiba Y.: “Proof of absence of local conserved
quantities in two- and higher-dimensional quantum
Ising models”, arXiv:2412.18903 (2024)
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2.Chiba Y. and Yoneta Y.: “Exact thermal energy
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Theoretical study of the higher Berry phase and its application to topological phases

MROVAIBEEMNROVAIARZEEH TN D5
AZMNBREICL>THHEIOITESNZEFHOMBINTH
%o MRAOVAINARZEEIFZFOEMZNAERICERAL
THBNREZIS ). MROYVAILBIESVWRENRE
zbE, EFHEOEARRFELTDIARENEAIC
BRINTET,

=R Berry fIif & (EZERICE DM F N AHED
—BIbTH D, ZERICEFBNRAOIAILREEDHE
RRICEWTERBerry (I EARN R K EZRcT T
EIFINFETORRTHSNER>TE T, UL UELS
BFRICEFZDERDIFIEHEDZINTLWEVWDOHLIER
IRTHolc, ZFZITARME TIEER Berry (IAHDERED
[FROZFONRAOYAIBNDIGEE{T o1,

FITEBEDFELT2+IRTRICR T DB R Berry
MBAOER RO T+1RTRICE TS ERBerry i
KOER EVWS T THEZITH Tz, BIEDH
KT 24TRITTRDEFRREICDLT, semi-injective
PEPS EMEND T ZRADTVVILRZY NT—0&FBAWS
ZETADDREBONIE (MERTE) EWSEZEEL.
InHERBerryIBERMBESDZEERUIc, BED
HETIETIEREZBWSZ &ICL>TBerry #5550
BEO—RILTHIERBerryEHRNERTEDIER
RUTco INSDIRFEIEE R Berry fiBlicxd 927>y
IWRYRNT—=0ZBWT 7O0—FOBAKEPZLYEE
RIFRENSZENTES,

KSR E LTI BRI MR ICSF S o SRR

ARERS - KL EF  Shuhei OHYAMA
RAMRE : BIRYUERZHAEEY 5 —
EFYHERMEIINL—T
(FAER &IE )
ENROYAIBICH T BIHHE EWST—Y TOMRR
1Tl 1z, BRI F RO IREO % —
AL UTe— AL IED —DTH 2, BE DX HRE (L BE
IC&o TSN 2726, FICH D BIEN RO T
HBNIFZDHETICNE T DRIENFET D, —H BRI
SR IS & EN D H NI Lo TReikEn b
SIRET, —RICIEETEFICBNW T EDFE TS S,
Z DT H BRI L SIEFLER N EE BIEEN 5,
CORRTIRERNGRMMEICTFSNINROY AL
HIZOWT, 200 8EE52 5 MNRAOYVAILAEEDHE
BE{Tofco ZOBEBRTRICNROYAILARZEEITER
BerryiitfB&E UTEBBTES &b ofz, ZORRZR
IEERBerry fMIEDSEE UTHNBRITSNDEHDTH
D, BRBerryBEOEEHPEREZTRIAEREND
ZEMNTES,
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1. Shuhei Ohyama, Shinsei Ryu, “Higher Berry Phase
from Projected Entangled Pair States in (2+1)
dimensions” arXiv:2405.05325

2.Shuhei Ohyama, Shinsei Ryu, “Higher Berry
Connection for Matrix Product States " PRB 727 =7
(V=123

3.Kansei Inamura, Shuhei Ohyama, “1+1d SPT phases
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non-abelian Thouless pump” arXiv:2408.15960
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Theoretical Study on Non-equilibrium Dynamics and Quantum Transport Phenomena in
Topological Spin Textures Based on the First Principle Calculation

R, BRE - BRGHEELICEN., BEMEERE X
ERDBHER OBMMEEAINTIEINTWS, TDO—fl&
LT MREYVAIICIEERBHRIBENEITS5 N2,
ZOMNROYVAILFESEE L, NMERBIFHRBEELT,
RMRIAEYNAZIRTINA ZAD Y —ZXERD BB E
HIEFINTWD, I5IOEE, KERESMIEZHD
REEBEEDNHER T/ RIS DB S SHF IR
RV TWD, ZOBOHMERIG. BKIREOBEINA
FAEUNATRE T IWNEIEN AL BEREEDL AT
INDSZ. EEPENZWVNCENS, IV IV DIAE
BIAROEAELTHILRFAREEDHLTWS, A
ETIE. 5L ROV AL & ReaB A% 5T
RIC, ZDIAZRIBACHRSIKREDERED - FIEICEET
HEmMAFRET ol

FITAARTIK. HIBEOHAZILEEARTENRS
Ay IRy ) EFIENZZRITHRNROY AR
BEICEB Uz, COBEIE. EFICE->TEMRISZD
BEHULPRVIAAZEEL, BRFTERIRTIHSE
JIR=ILEVWSHIENSEEEZEHTND, AHFFT
E. IOUEBMSESEZ BEREAELVTRETZSXT
BELRIZBERODERFEEZASHICT D26, B{Lyr
F I Y%L T B Landau-Lifshitz-Gilbert (LLG)
FRRCEIKHEYZ 2L -V avEfTofc, FDHE
R Ay IRy T ORENAEMNERICKT L TOEHLS90
EO#HETEL. ISICHBVCEREBEICL>TED
AEZHETERZEEBASMC U, oo OB
FIEHED. Ay IRy VRO MNROY AL SIKRE
EZFOFEEPEICERL WS ZEZBH UK,

RIC EFBNNBYERIBENBRINTVWSIERTE
ET 2 RBEBIERICEBL. EDDIFTZFDHIAEIA
DICATEELBRDAE VBNV ICE DB RIRED
REFFEE AN, BTRSCRBBIERF ORERE
#EL R I B E R4 Fokker-Planck A2 R ICE D 2
FEtE L, LLGARRICED < HBEEtE £ B0 I BRE
92T BENLBRITZIT o>/, ZOHER. INET
SRR I U TSI N T E BRI R % RaB M
ICHRRT B T EICHIN U 2 TR REBBMEEDR

RREKA - BK EKES Kotaro SHIMIZU
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EYMERZEHRTF — L
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SRERGICET ZRE AT —/LHN BEIEEICEENT
1~2HTRRE/NSKRED S EZASHIIT U, el Z
SUlc@R B REN, REBHEIEETIEZORIIBEICH
FUTEBHICRRINDS2EZRE U,

@it FH 3K Publications
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1. Shimizu K., Okumura S., Kato Y., and Motome Y.:
"Current-induced motion of nanoscale magnetic
torons over the wide range of the Hall angle",
Commun. Phys., to be published (arXiv:2407.02983)"

2.Shimizu K., Okumura S., Kato Y., and Motome Y.:
"Soliton penetration from edges in a monoaxial chiral
magnet", Phys. Rev. B 111, 024411 (2025)"

3.Okubo V.-Y,, Shimizu K., Shivaram B. S., and Kim
H.-Y.: "Characterization of Magnetic Labyrinthine
Structures Through Junctions and Terminals
Detection Using Template Matching and CNN", IEEE
Access 12, 92419 (2024)*

4.Kasai S., Shimizu K., Okumura S., Kato Y., and
Motome Y.: "Three-dimensional Topological
Superstructure of Magnetic Hopfions Threaded by
Meron Strings in Easy-plane Magnets", submitted
(arXiv:2411.00396)
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1. Shimizu K., Okumura S., Kato Y., and Motome Y.:
"Current-induced dynamics of magnetic hedgehog
lattices", ISSP Theory mini-Workshop Correlated
Quantum Materials + beyond, Kashiwa, Japan,
November (2024)

2.Shimizu K., Okumura S., Kato Y., and Motome Y.:
"Current-induced dynamics of magnetic hedgehog
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FBEAFILZAVBRFORRILIAFIVRICETS
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"Monopole Hall effect in a metallic chiral magnet",
New Frontiers in Advanced Magnetism 2024, P-27,
Sapporo, Japan, August (2024)

2.Shimizu K., Okumura S., Kato Y., and Motome Y.:

"Current-induced dynamics of magnetic hedgehog
lattices", International Conference on Magnetism
2024, #1ICM2024_3.08_1744, Bologna, Italy, July
(2024) [selected as Best Poster Award]
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Symmetry engineering and novel superconducting properties in van der Waals layered

superconductors

ERREBNTEOENCBIEERTIE. BROAM

L& THIGEEREBEEERIID B DL ZBEESY
AA—RBRDVEBFEIND, FEERITAA—RDEFHE
BOEEBRERTHDDEAKIC, COBREY (A —
REBEEILVMNOZIAOERICATCEERESR
DIDTH B, INTTRIZEIT A A—RFHRISBREL
BTVYHSHMFEER DR CEICERINTEL, B
BRERITENMRIENTVWERTOREIFIRSNTH
D, ZDOER. TUTERRENTREOENIER
BEDEBEDLRIEFAETH 2. AMETIE. EZEK
BN MEDNIC3ENINT 7> TILT — LA BB
B THDPbTaSe21c B2 EAFRRBILEEY 1A —
RapRAEBESHC U (F Liu®, Y. M. Itahashi*, S. Aoki,
Y. Dong, Z. Wang, N. Ogawa, T. Ideue, and Y. lwasa
“Superconducting diode effect under time reversal
symmetry.”, Science Advances 10, eado1502
(2024) (Co-first and co-corresponding author)),
SDE (&, BE-ERFSFEZRE LIRS, BRMNERD
BOBEDOBERABROEELTRENZI. EAZHMNL
TWEWT/N\AZXTIESDEIRRES NN o 2T T
BEAHZEIMNY 5 & THMMEZIE TS/ PoTaSe27
NARADBE-BRFEDAEZIT o>, TDIER. B
BROSDENRE SN, TNIREHICKI>THRESINLI
EEEHE DN, ROZNICLDEAMBOHIRH
SDEDHRICEERKREIZRLTWSIEZRKLT
W2, 25(C. SDEDHE#RBKREFEZANCER. B
TEEH%E armchair AEICEIIN LS E I ERS. £
UTHIS ICE UTB D, zigzag ABEICEIIN UGS I$1
BICH UL THDORDEVWERUIc, COBERAMMROT
BIRFEE. BERNTMELNSBERINSIRZEVNE—XK
LTED. BRlEN/c SDE DM EEXFREICHR T 21
THBEWSIEDFETH B, Fic. SEIDHAETIE

MRERS k1B B Yuki ITAHASHI
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&M T <D SDE DR REME & 7 D& it & D EE
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1. F. Liu*, Y. M. Itahashi®, S. Aoki, Y. Dong, Z. Wang,
N. Ogawa, T. Ideue, and Y. Iwasa “Superconducting
diode effect under time reversal symmetry.”, Science
Advances 10, eado1502 (2024). (Co-first and co-
corresponding author)

2.S. Aoki, Y. Dong, Z. Wang, X. S.-W. Huang, Y. M.
Itahashi, N. Ogawa, T. Ideue, and Y. Iwasa. “Giant
Modulation of the Second Harmonic Generation by
Magnetoelectricity in two Dimensional Multiferroic
CuCrP,S;.”, Advanced Materials 36, 202312781 (2024).
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1. Yuki Itahashi, “Superconducting Diode Effect in
Strain-controlled Trigonal Superconductor” IAS
conference, Geometry and Correlations in Low-
dimensional and Topological Materials, Hong Kong,
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2.Yuki Itahashi, Fengshuo Liu, Shunta Aoki, Yu Dong,
Ziqian Wang, Naoki Ogawa, Toshiya Ideue, and
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4.Yuki Itahashi, Fengshuo Liu, Shunta Aoki, Yu Dong,
Ziqian Wang, Naoki Ogawa, Toshiya Ideue, and
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Yoshihiro Iwasa, “Superconducting diode effect in
strain-controlled trigonal superconductor” CEMS
research camp, Saitama, November (2024)
S.REEIE, 77 T T—ILABRBIEERFICHE TS
ERAMR AIREFRKROTOY 717  BREEE,
TyIRE, T=AY, 7#8, 58 (2024) (Invited)
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1. Yuki Itahashi, Fengshuo Liu, Shunta Aoki, Yu Dong,
Ziqian Wang, Naoki Ogawa, Toshiya Ideue, and
Yoshihiro Iwasa, “Superconducting phase diagram
in misfit-layered superconductor” Gordon research
conference, Two Dimensional Electronics Beyond
Graphene, New Hampshire, June (2024)
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Development and Applications of Tunneling Spectroscopy under High Pressure in Pulsed

High Magnetic Fields

BREEEFRYE TR, ENSEIGEWMERT TE
FOEDONEMERENBEELAD, BHIGCEAEW
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STS) [3#i5 - (ERBRET 7 LIMmAFEDOETIRE
ZFEESATZIENTESRS. EFHEFREROER
ICBMRFETH S, TR, STMIHRBNICBURIRZ D
SHIROBEEYIT XY NERAWSZENE L K
BF20TREICESNTWS, o STM/STS IFiEet
ZEBEI D0, FBKET TERATERV, ZI TR
E T, BIEEETRYEICK T2 HFTETHORER
KOO, /LR @EEE (~55T) - mEH (~3
GPa) TIck T2 RESZMALL N RILDHAIESE
BORKEZENE U, READRIFREZHBICEE
LTWBIeHEBTERWDN /UL EBISRERICE
Uik ICT I 2MMENEED. FOLENTTH
BATEETH D,

REEEE. ZBHANAREDOEFEISZSTMZRWNT,
BEFMEAR GARU,Ge, DEFREZDHAA—I VT
STMTEZEHAL T ZELGKRIIBOBBEZITO>EED

L. ZOXEZIRE U,

(1) GdRu,Ge, IMcEBBEFEZHENE LI BEAE VE
DRKKY B IO ZHEEEERBICED, BIBFTAFILI
AVHEPAOQY T Y FAOVBEWS LB SEE
RY. STM T Ge iInRED 7 = LIMEFEDETFIREE
BEZEEHAIL LS, BERE TNERBE(LZ
THIENERI N Ffes DHAAX—I VT ICLDE

AREKRSG © ZAK =B Katsuki NIHONGI
FARRE : AIRYERZHREEY Y —
BIEMIME TR F — L
(FAER 7EE &P
FREZEOZEAHIG. BIECEICRBRZERAZR
Ufco COZEBDHIIEHRSIIBOBIET 2BEAL VM
DOREICHFI UIcEEZBBREEMUNIC—RT D EZH
S5hic Uz,

(2) STMIER B RV RILDHTIE. pAFA—5—D
N RIERZERT Y FICEDEBIRBRLT OV T4V T
VI THRETEH. TARVNILOREICHHET B,
—A. JULZABHEISHTIE. /ULARISTE E RO #IS
ZEDNSWEHE (HIUW) CERRTEEFSITIHE
BB, TZTYI—EMEAVWZRMBIRNYRILS
HAERBEBELTC, IkHzU LOBEREERESIICH
F2EREBEEREZAN . S, STMZRIAU TR
- EOEMIENOZICHESAER B OGER
BEFANDEEHIC, SURA—F—DFENRILDH
AEZ A5,
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1. Z& K58, Christopher ] Butler, TEEH BB, FFRFEA,
=/REZR, Nguyen Duy Khanh, BIE—Ep : “GdRu,Ge,
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AYBEZ <, EERTE, 98(2024)
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1.Nihongi K., Christopher J B., Hanaguri T,
Yoshimochi H., Takagi R., Nguyen D K. and Seki S.:
“Spectroscopic imaging STM on multiple magnetic
phases in GdRu,Ge,”, CEMS Research Camp
"Advanced Methods and Materials", November (2024)
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Nonequilibrium Pattern Formation Induced by Topological Phases in Crystal Growth
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@:5 EHF K Publications
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1. Tanaka Y., Nakamura D., Okugawa R., Kawabata
K.:"Exceptional Second-Order Topological
Insulators”, arXiv:2411.06898 (2024), submitted.

O@[15EH X Oral Presentations
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1. Tanaka Y.:"Anomalous crystal shapes of topological
materials”, Informal Theory Seminar, The Institute
for Solid State Physics, Kashiwa, Jul. (2024)
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L. EE!‘:F' ﬁﬂﬂ Shuai Zhang, Tiantian Zhang and #f -
E— “bMROVAILYEOERRRICK TSROV
HIVAEERERR, BAYEZRE7IBFRKR, 1L
1%, 983 (2024)
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1. Tanaka Y., Zhang S., Zhang T. and Murakami S.:
“Selective growth induced by topological phases
in crystal growth,” APW-RKEIN-Tsinghua-Kavli
workshop “Highlights on condensed matter physics’,
Wako, Nov.(2024)

2.Tanaka Y., Zhang S., Zhang T. and Murakami
S.: “Topological aggregation in crystal growth of
topological materials”, ISNTT2024, Atsugi, Dec.
(2024)

3.Tanaka Y., Nakamura D., Okugawa R., Kawabata K.:
“Exceptional second-order topological insulators”,
New Trends in Condensed Matter Theory 2024,
Kashiwa, Dec.(2024)
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XXIV-026 Rare-Earth Metal Catalysis for Multi-functional Polymer Synthesis

Name: Mengqing CHEN

Host Laboratory . Advanced Catalysis Research Group

Description of research: Self-healing (SH) polymers
are auspicious materials for diverse applications due to
their ability to autonomously repair damage, thereby
enhancing the durability of structural components
and the reliability of electronic devices. Previous
research in our group has reported SH phenomena
driven by phase separation. The seminal discovery of
SH-polymers consist of several types, one of which,
we designate as E/EA, where an allylanisol (A) and
ethylene (E) selectively form first an EA-unit, which
copolymerizes with E. The EA part acts as the elastic
part of the polymer, while the polyethylene part forms
crystalline nanodomains that crack upon mechanical
stress and crystallize again when the stress is removed.
Mechanistically, the methoxy group on A Plays a key
role controlling the coordination chemistry around
the rare-earth metal employed as a catalyst in the
polymerizations (i.e., heteroatom-assisted olefin
polymerization, HOP) hence enabling the selective
formation of the EA unit. This study aims to expand
SH polymer applications through molecular design
and mechanistic study. We incorporated ferrocene,
valued for its stability, reversible redox behavior
(Fe’'/ Fe’"), and electron-donating properties, which
enhance electron mobility in molecular wires and
nanoelectronics. To achieve this, I designed the

RIKEN Center for Sustainable Resource Science
Laboratory Head : Zhaomin HOU

monomer 2-(4-vinylphenyl)vinylferrocene (PFc) by
one step witting reaction. The incorporation of PFc
as a third component into E/EA system was achieved
by co-polymerization of ethylene, allylanisol and
2-(4-vinylphenyl)vinylferrocene catalyzed by rare-
earth-metal complex. Half-sandwich rare-earth
di-alkyl complexes (CpMR2, M = Sc, Y) activated
by [Ph,C][B(C¢F;),] generated cationic monoalkyl
species, serving as efficient single-site catalysts via
coordination-insertion mechanism. The resulting
polymer exhibits high SH properties within 24 hours
after physical damage. Mechanical and photophysical
properties were characterized, and partial oxidation/
ionization of the E/EA/PFc polymer to Fe’" was
performed to study conductivity. Future work
will explore the relationship between PFc content,
oxidation efficiency (Fe’"/Fe*" ratio), and conductivity
to optimize the material for electronic applications.

@ Publications

Papers

1.Chen M., Itabashi Y., Fukuma S., Shang R., and
Nakamura E. Iron-Catalyzed 5-Endo-Dig Synthetic
Approach to Indenes and Its Bidirectional Extension
to Narrow Bandgap 7 -Systems. ACS Catal. 2024, 14,
1375-1383.
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Development of Artificial Metaloenzyme Stable in-vivo and its Application to Induce Tissue-

Specific SQLE Degradation
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1.Kasahara T., Chang T.-C., Yoshioka H., Urano
S., Egawa Y., Inoue M., Tahara T., Morimoto K.,
Pradipta A.R. and Tanaka K. : “Anticancer Approarch
by Targeted Activation of a Global Inhibitor of
Sialyltransferases with Acrolein” Chem. Sci. 15 9566—
9573 (2024)

2. Nashibullin I., Yoshioka H., Mukaimine A., Nakamura
A., Kusakari Y., Chang T.-C. and Tanaka K.: “Catalytic
olefin metathesis in blood” Chem. Sci. 14 11033-11039
(2023)

@R A5 —H3K Poster Presentations

1. Shimura Y., Yoshioka H., Pradipta A.R. and Tanaka
K.: “Selective Activation of PROTACs in Cancer
Cells via Metathesis Reaction using Artificial
Metalloenzymes,” 1st Biology and Chemistry Cancer
and Aging Research Symposium (BioCARES),
Indonesia, 2024.11.28
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Pioneering Ultrafast Chiral Discrimination Reflecting Local Molecular Structure:
Demonstrating Photoelectron Herical Dichroism
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Development of a New Technology for CO, Fixation by Exploiting Enzyme Promiscuity

A=Ky Za—rZILHEDOFRRICAIT T ZBEILK
RZDOINF IR E T D EAMC, BiEEEAEY
MEDORFIRTLZFRALTC BbikFTZE RS
YICERS 2 RMORAFEIBBIICESSNTND, =
BibRF=HD SBEMIMMEREEEE Y D HT &Kl
ZHETENR. FRARRICEEFNZ _BILRREE
BRERZTHAIBETSZET, KKRFADZB{LREZED
BEHZEG TE3, 220 HWEBEORIRBRICEW
TEELRIZRCIEDC—BOMEMNMRE T 2.
RREEICEHES T 2BRFICER Ulc,. AARZEET
3 BEDEMNMRE I IRREEVATLICERZR
T RABROEBERBHEOERIZEN U T ZBILK
ROSBRBERICEMEEL S 2HIBR/IN\AAT I/
OY—0ORAREICHKD, RARICL->TEARDEMGER
B TR I IRREEERTEAVCHICBRRRERE
Bz tEEL. —BItRRZE->TRSTREFAMED
HDO IO EIMDAIHZBIE T,

MREKS © MR BE  Yuma SHISAKA
SRAMEE  BEERNZEHEREY Y —
DFEMEERTF — L
(FFER #UR fBth)
REEE BYCPHEYHNREITI2REEEERZ
FAWTRBERIEEYICN T2 REBEE R ISICEDE
AT, £ BEDEYEIIMEMH SREEEESR
THEBRITIAEZHEIL. RREERSOEERE
ZEHE S BT DI RZEEE U, HWVWT RREE
BERORIGZEBICNEEIN2BEECEYICHEBT 2L
PHREHERAT U, 35IC. REBEEBREZRAWVT
BENGEENRBLILREERECEVNDRREE
Rtz U,

@R A5 —H3K Poster Presentations

GES

1. IR BEE, EEHMEY, MR EYBERICE KSR
BERIEEM, FEeoBHAEMAEFESFESR, £R, 3
B (2025)

2. MR BEE, EEHEF, FEMEE REERICAET
INA AR ZT LD, BAREFES F1055FF
£(2025), BRH, 38 (2025)

XXIV-030 Enzymatic Reaction into a Droplet

Name: Elisa Liliane, Bernadette RIOUAL

Host Laboratory: Theoretical Molecular Science Laboratory

The cell is a complex environment, consisting of a
mixture of molecules, water, ions, metabolites, gases,
and other components. Due to this complexity, the
cellular environment has often been overlooked in
studies of protein structure and dynamics. Even
today, much of the research on proteins is conducted
in dilute conditions. However, these conditions do
not fully capture the intricacies of biological systems.
It is well known that cellular crowding can induce
changes in reaction rates and equilibria, as well as

RIKEN Cluster for Pioneering Research
Laboratory Head : Yuji SUGITA

impact protein structure, dynamics, and interactions.
By neglecting the complexity of the cytoplasm, we are
failing to accurately describe in-cell protein activity.
For this reason, my research focuses on investigating
protein structure and dynamics in cellular-like
environments, using Nuclear Magnetic Resonance
(NMR) and Molecular Dynamics (MD) simulations.

There are different types of proteins in the cell, one
of which is called an enzyme. Enzymes catalyze the
conversion of substrates into products. A metabolic
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pathway is a series of reactions catalyzed by several
enzymes, and these enzymes can interact to enhance
their overall efficiency. One type of interaction is
called a metabolon, which refers to a spatiotemporal
organization of enzymes that facilitates the
channeling of intermediate substrates between them.
For example, in the Krebs cycle, the enzymes Malate
Dehydrogenase (MDH) and Citrate Synthase (CS)
are known to form a metabolon in dilute conditions,
as demonstrated by experimental studies. However,
do the models describing these metabolic pathways
in dilute conditions accurately predict cellular
behavior? I am currently investigating these enzymes
using predictive tools, Molecular Dynamics (MD)
simulations, and Nuclear Magnetic Resonance (NMR)
to study their activities, structures, and interactions
in crowded conditions.

Another interesting protein is Guanine nucleotide-
binding protein 1 (GB1), which is a model protein in
structural biology and has been extensively studied.

However, some experimental results from our
collaborators suggest that its structure changes under
crowded conditions. For this reason, I am currently
investigating the impact of the crowded environment
on the structure of GB1 using Molecular Dynamics
(MD) simulations.

In conclusion, while studies in dilute conditions
have provided valuable insights, it is becoming
increasingly clear that they may not fully capture the
dynamics of cellular processes. By simulating crowded
environments, this work seeks to provide a more
accurate representation of protein behavior in the cell,
ultimately advancing our understanding of molecular
biology and its applications.

@ Poster Presentations

International Conferences

1. Rioual E., Sugita Y. : “MDH-CS enzymes complex :
Insight of its structure by simulation”, ACS Spring
2025, San Diego USA 2025, March 23-27 (selected)
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Economics and physics for microbial ecology and metabolism

AMRZFBICENTR, BEZELCRBHZED
¥R EAL. MEARHRE SOHMEMERRDIS
FW(RBEEHPERBOBEANODE - RERRE) IT
DWT, B FAEYZNGFHFBICKFEULLBRVWLSBTFEZ
5Z5N5EENERZHNRICHEEI S EZTRET
%o EXICSEEF EIC3DOHRT—VICBDBEAL,
1.Global Constraint Model for Microbial Growth

Law

MAEYDIBIEERD, REROEICKUEFIBMA DL
MK FMEZ R Z&ldE. Monod Bll& LTIEK IS T T
W3, ULHUZDBEEIFE A Michaelis-Menten = &R U
THBIEDNS, ZDESBREREFANLSTDDOEL
ERIGLDHDIEEEZISNDZDONEETH D, AAR
TlE. ZOLSBIRZDEVD. MBERRERICETZR
BB ERLEADDOREEVTEENICRES I EE2HFE
HICEERA L. BUBRERIC KBBIFEETTolco CDLS7KHE
ReFeHlcmXeRERBRTHD, LTV KNI
BEATH S (arXiv: 2409.12482),
2.Thermodynamic constraint on the coupling of

currency molecules

ARERSE © WWE #TF  Jumpei YAMAGISHI

RAMRE : EatkeERlZ MRy ¥ —
ZREBEMBEMAT — LA
(FRER &FH)

D RH R IE. ATPYGTP.NADH¥>NADPH7 &,
Y PBEFREDHERE U THRABRERTICEST
ZIEEAF ICL>T/A—NLICHEENTWS, &
NSDEBDFRIENZTNERSREZIES SN —
7. ATP+GDP=ADP+GTP D & 573 B2 F DR i
RIS IE&DAYTILLTWS, RIARTIE. ZDLS%
EEATFAYTIVIDIZNIVEERBETILZEEL,
ROBRZHEPTY NOE—4%HMEANDEZEZBIT U,
e, EEDFHYT IV ITHNERRRAKIZFLSDE
ZOVWTHRLUTWS, ZOLSHRIEREE LD
DEIREES LD >TED, SFEEFOKRTBEZEIELT
W,
3.Dependence of Microbial Community

Assembly on Carbon Sources

EERRETIINIA—RBEDEZRRRELTS
ZIEDSMAIBESNIHEMERDN. HHEENEE
BEENENRTDE, FENDREBEEZEICTOR
BEFREEICITOSEEOETCOIVARTA—T A7
KRB TERIENBEINTND, —A T ZDOLSK
Femergent simplicityy A\ #EICRSBWRFRIFRESZ

—162—



SNIBICHRNZ K SBEBNGIEE TH IO IEEKE
BATH Do I THRAIE. X5 /—ILwaY 7O/ =)L
HEEDHRRBRBRESZ LI5EOMEMER D KA
EEERZTV. MEVERROEEEENEDLSIC
HIGRFRBITRTFELTWDD, RLZDOREENEDK
SRR (EKICREMDO I OR T4 —T 1 V7 ITHRZD DY)
ZHASMCING, T—YRITZEDH TN,

O®[15EH X Oral Presentations

IL.Jumpei F Yamagishi:*Microeconomics of
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Metabolism”, EPCP Yong Scholar Meeting, Online,
November (2024)
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XXIV-032 Exploring the Symmetry Diversification Mechanism via Analyzing

the Morphological and Molecular Aspects of Diadumene Lineata

Segmentation Patterning

Name: Safiye Esra SARPER
Host Laboratory . Laboratory for Developmental Morphogeometry

Symmetry is a fundamental feature of animal
morphology, defined by the number of symmetry
axes that divide the body into identical parts.
Animals exhibit two main types of symmetry:
radial symmetry, characterized by multiple
symmetry axes, and bilateral symmetry, defined by
a single symmetry axis. However, the mechanisms
underlying the diversification of bilateral and radial
symmetries remain unknown. The phylum Cnidaria,
which includes species exhibiting both radial and
bilateral symmetries, offers valuable insights into
the mechanisms of symmetry diversification. In
particular, Diadumene lineata (a cnidarian sea
anemone), which displays both symmetry types
within a single species, presents a unique opportunity
to compare these symmetries and investigate
their developmental mechanisms. The symmetry
type in D. lineata is defined by the segmentation
patterns observed in the arrangement of multiple
gastric pouches (siphonoglyph pouch, first pouch,
and second pouch). This species predominantly
reproduces asexually by regenerating body parts
after being cut (pedal laceration) into fragments. I
established a morphological observation method
that enables detailed analysis of the gastric pouch
patterning process. Time-lapse imaging techniques
were employed to document gastric pouch patterning
at various developmental stages, providing a robust
dataset for further analysis. As the first developmental
step following excision, fragments initially form

RIKEN Center for Biosystems Dynamics Research
Laboratory Head : Yoshihiro MORISHITA

a temporary segmental structure, which persists
until the fragment's size increases sufficiently, often
appearing as multiples. This temporary structure
differentiates into gastric pouches, with the first
gastric pouch forming directly opposite the center
of the excised region. Subsequently, primary and
secondary gastric pouches are sequentially formed
bilaterally around the oppositely formed gastric
pouch. Thus, the oppositely formed gastric pouch
plays a role in regulating the individual’s gastric pouch
patterning and bilaterally symmetrical patterning
contributes to the development of both radially and
bilaterally symmetrical individuals. Additionally,
to identify genes related to segmentation patterning
and regeneration, as well as their expression
patterns, I extracted RNA from samples at different
developmental stages. The RNA will be sequenced
using PacBio technology, and a library will be
constructed. Analyzing the morphological patterning
and gene expression data will provide insights into
the developmental mechanisms underlying symmetry
diversification in D. lineata.

@ Publications

Papers

Review articles

1. Sarper S.E., Kitazawa M.S.: AL A N5 E X 5 &)
&Y D33 #itk 2 4k 1L #48 . Plant Morphology vol 36:
no.l pp.45-52 (2024). Published.
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@ Oral Presentations
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1. Sarper S.E., Kitazawa M., Nakanishi T. and Fujimoto
K.: “Size-correlated polymorphisms in phyllotaxis-like
periodic and radially symmetric tentacle arrangements
in hydrozoan” BARAZRF R, Kyoto JAPAN 2024,

June 20.

2.Sarper S.E., Kitazawa M., Nakanishi T. and Fujimoto
K.: “Size-correlated polymorphisms in phyllotaxis-
like periodic and radially symmetric tentacle organ
arrangements in hydrozoan” Euro Evo Devo 2024,
Helsinki FINLAND 2024, June 26.

3.Sarper S.E.: “Animal Symmetry Establishment and
Diversification” BDR Retreat 2024, Kobe JAPAN
2024, October 24.

XXIV-033 Molecular Controls of Plant Totipotency in Embryogenesis

Name: Ping KAO

Host Laboratory . Cell Function Research Team

In this study, a transgenic reporter line of AT4G21895
(BSB) was established for future single nucleus RNA-
seq to analyze the transcriptional dynamics associating
with promoting and inhibiting totipotency in early
zygotic embryogenesis. BSB expressed in vegetative
nuclei and sperm cells in pollens, in synergid cells and
egg cells in pre-fertilized ovules, and in zygotes and
endosperms in post-fertilization ovules. This reporter
line marks most of the pre- and post-fertilization cells
and allow enrichment and collection of these target
cells from the whole inflorescence by Fluorescence
Activating Nuclei Sorting (FANS). The single nucleus
transcriptomes will be made with 10x Genomics 3’
V3.1 kit with sorted nuclei to infer the gene regulatory
networks involved in acquiring totipotency in
developing zygotes.

In addition, re-analysis on published embryonic, callus
and meristematic transcriptome datasets identified
over twenty candidate genes which may be involved in
the establishment or maintenance of pluripotent stem
cells. Interestingly, many of the candidates are known
to associated with various stresses. For example, ABA-
mediated stress response gene AT5G64750 (ABR1) was
picked up as a potential upstream regulator in activating
up-regulated genes at the beginning of somatic
embryogenesis. A list of T-DNA insertion mutant

RIKEN Center for Sustainable Resource Science
Laboratory Head : Keiko SUGIMOTO

lines of these candidate genes was selected, and the
mutants will be subjected to a set of functional assays
to test their roles. Identification of key regulatory genes
in pluripotent cells will not only expand the current
knowledge but also help decipher the underlying gene
regulatory networks.

@ Oral Presentations

Conferences

1.Kao Ping and Sugimoto Keiko: “Deciphering the
molecular basis of plant totipotency” Heterogeneity
of environments and plants, Aizuwakamatsu Japan,
November 20-22, 2024

@ Poster Presentations

Conferences

1. Kao Ping and Sugimoto Keiko: “Characterizing plant
totipotency” 1" ASPIRE Joint Lab Meeting, Yokohama
Japan, September 9", 2024

2.Kao Ping and Sugimoto Keiko: “Deciphering the
molecular basis of plant totipotency” Heterogeneity
of environments and plants, Aizuwakamatsu Japan,
November 20-22, 2024

3.Kao Ping and Sugimoto Keiko: “Deciphering the
molecular basis of plant totipotency” 2™ ASPIRE Joint
Lab Meeting, Yokohama Japan, December 4", 2024

—164—



XXIV-034 Visualizing the 3D Architecture of Bacterial Photosynthetic Apparatus

Name: Laura BRACUN

Host Laboratory . Laboratory for Protein Functional and Structural Biology
RIKEN Center for Biosystems Dynamics Research

Laboratory Head : Mikako SHIROUZU

We have designed a project to study the bacterial
photosynthetic membrane on the molecular
level, intended to better our knowledge of the
communication and interaction of large protein
complexes involved in photosynthesis. While
3-dimensional structures of major bacterial
photosynthetic complexes have been previously
described and studied individually, open questions
remain regarding the structure and functionality of
the membrane as a whole.

The photosynthetic machinery of purple non-sulfur
bacteria consists of the central reaction center (RC),
light-harvesting antennae (LH), cytochrome (Cyt)
bcl complex and ATP synthase located within the
intracytoplasmic membrane invaginations, called
chromatophores. The RC is tightly surrounded
by a ring of LH antennae forming an RC-LH1
supercomplex in all species of purple bacteria, while
some species exhibit additional peripheral antennae
comprised of LH complexes without the immediate
presence of the RC (LH2). The LH antennae capture
the energy of light and transfer it to the RC in a
series of light-hopping events. The RC then releases
an electron initiating a chain of oxidation-reduction
reactions which result in transportation of the
electrons to Cyt bcl complex, translocation of protons
across the chromatophore membrane generating
a proton gradient utilized for ATP synthesis and
the subsequent return of the electrons to the RC.
However, we still have insufficient knowledge of how
photosynthetic complexes cooperate with each other
in large-scale networks within the chromatophore,
how chromatophores form, or the precise locations of
Cyt bcl and ATP synthase within the photosynthetic
membrane, all adding to a functional and highly
adaptive photosynthetic system.

The main method for structure determination
chosen to carry out this research is cryogenic

electron tomography (cryo-ET). In cryo-ET, whole
cell or cellular compartment is frozen in vitreous
ice, preserving it in near-native conditions, and
subsequently subjected to transmission electron
microscopy (TEM) at multiple angles. Imaged area
can be reconstructed in three dimensions from these
data, leading to determination of organization of
cellular systems in situ. Observing the structures and
spatial relationships of photosynthetic complexes in
their physiological conditions with cryo-ET will help
answering complex biological questions that cannot
be determined from structural models of individual
photosynthetic proteins.

During my first year as an SPDR, I have made
successful frozen samples of purified chromatophores
and collected images of them on the electron
microscope. Ideally, I wanted to image the
chromatophore membrane within the cell. To do so,
I have tested preparing samples of whole bacterial
cells on EM grids by both plunge freezing and high
pressure freezing, and milled them by ion beam
into thin slices suitable for transmission electron
microscopy. I am currently working to expand my
dataset.

@ Poster presentations

Conferences

1.Bracun L., Yamagata A., Shirouzu M., Liu L.N.:
‘Cryo-EM structure of RC-LH1-PufX complexes
from species of Rhodobacter’. 3rd Meeting of the
Photosynthesis Ubiquity Area in Okazaki, Japan.
2024 June 3-4.

2.Bracun L., Yamagata A., Christianson B.M., Shirouzu
M., Liu L.N.: ‘Cryo-EM structure of a monomeric RC-
LH1-PufX supercomplex from Rhodobacter capsulatus’.
9th RIKEN Life Science Retreat in Gifu, Japan. 2024
January 29-30.
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XXIV-035 Unlocking the Secrets Behind DHLC Biosynthesis: A Groundbreaking
Solution to Combat Malaria Spread

Name: Islam Adel Abdelhakim AMIN

Host Laboratory . Natural Product Biosynthesis Research Unit

My research addresses the growing global threat of
antimicrobial drug resistance in life-threatening
diseases, including cancer, malaria, and resistant
bacterial infections. We employ a multifaceted
approach to accelerate the discovery of novel natural
products with unique modes of action, elucidate their
biosynthetic pathways, and unravel the regulatory
mechanisms governing their production.

In our first project, we have successfully identified
dihydrolucilactaene (DHLC), an ultra-potent
antimalarial compound active against multidrug-
resistant Plasmodium strains, suggesting a novel
mode of action. To understand DHLC biosynthesis,
we disrupted luc6, a putative hydrolase, and identified
three new DHLC derivatives with opened pyrrolidone
ring skeleton. While these derivatives demonstrated
the involvement of Juc6 in DHLC ring formation, their
significantly lower antimalarial potential confirmed
that the intact ring structure is crucial for biological
activity.

Our second project focuses on activating dormant
biosynthetic gene clusters in Streptomyces for novel
antibiotic discovery. We have discovered Syol.56,
a non-canonical SARP regulator with unique
capabilities in Streptomyces sp. RK18-A0406.
Expression of this previously uncharacterized
regulator resulted in increased production of
antimycins and led to the discovery of ten new
elasnin derivatives, all showing potent activity against
methicillin-resistant Staphylococcus aureus (MRSA).
We are currently investigating elasnin biosynthesis
and identifying its biosynthetic gene cluster. Notably,
unlike typical cluster-specific SARPs, Syol.56
exhibits a broad regulatory spectrum, influencing
the production of structurally diverse bioactive
compounds including anti-MRSA elasnins, antifungal
antimycins, and anticancer ansatrienins. This finding
overturns the conventional understanding of the
expression induction mechanisms of biosynthetic gene
clusters in actinomycetes and is expected to lead to the
discovery of new natural compounds. (Abdelhakim,
LA, etal, ]. Nat. Prod., 14, 3533-3542 (2024).)
Looking ahead to the next two fiscal years, our
research will focus on elucidating the global
regulatory mechanism of Syol.56 and determining
its promoter sequence recognition patterns. We aim

RIKEN Center for Sustainable Resource Science
Laboratory Head : Shunji TAKAHASHI

to develop a versatile toolbox of optimized secondary
metabolism activators and establish a Syol.56-
driven heterologous expression platform for targeted
activation of unique gene clusters. This work will be
complemented by continued investigation of DHLC
biosynthesis and mode of action, with the ultimate
goal of accessing untapped novel bioactive natural
product reservoirs for therapeutic applications.

@ Publications

Papers

1. Abdelhakim I.A., Futamura Y., Asami Y., Hanaki H.,
Kito N., Masuda S., Shibata A., Shirasu K., Osada H.,
Ishikawa J., and Takahashi S. Expression of Syo_1.56
SARP Regulator Unveils Unprecedented Elasnin
Derivatives with Potent Antibacterial Activity. J. Nat.
Prod., 87(5): 1459-1470, 2024.

@ Poster Presentations

Conferences

1. Abdelhakim I.A., Futamura Y., Asami Y., Hanaki
H., Kito N., Masuda S., Shibata A., Shirasu K., Osada
H., Ishikawa J., and Takahashi S. Syo_1.56, Atypical
SARP Regulator Drives Multi-metabolite Biosynthesis
in Streptomyces sp. RK18-A0406. The 2025 Annual
Meeting of Japan Society for Bioscience, Biotechnology,
and Agrochemistry (JSBBA), Sapporo, Japan, March 4 -
8, 2025,

2.Abdelhakim I.A., Futamura Y., Asami Y., Hanaki
H., Kito N., Masuda S., Shibata A., Shirasu K.,
Osada H., Ishikawa J., and Takahashi S. Syo_1.56,
Atypical SARP Regulator Drives Multi-metabolite
Biosynthesis in Streptomyces sp. RK18-A0406.The 5th
International Conference on Natural Products Discovery

and Development in the Genomic Era, San Diego, CA,
US, January 4 - 9, 2025,

3. Abdelhakim I.A., Futamura Y., Asami Y., Hanaki
H., Kito N., Masuda S., Shibata A., Shirasu K.,
Osada H., Ishikawa J., and Takahashi S. Syo_1.56,
Atypical SARP Regulator Drives Multi-metabolite
Biosynthesis in Streptomyces sp. RK18-A0406. The
2024 Annual Meeting of the Society for Actinomycetes
Japan (SAJ), Tokyo, Japan, September 10 - 11, 2024.

4.Abdelhakim I.A., Futamura Y., Asami Y., Hanaki
H., Kito N., Masuda S., Shibata A., Shirasu K.,
Osada H., Ishikawa J., and Takahashi S. Syo_1.56,
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Atypical SARP Regulator Drives Multi-metabolite

Biosynthesis in Streptomyces sp. RK18-A0406. = #iif
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Tl EINKL 20245 8H24H~8H25H.

XXIV-036 7 7 F > Ml ¥ H 6] 5 3 7' F W FAIBTE IR O R R i B 7

A Constructive Understanding of Signal Initiation Sites Orchestrated

by the Actin Cytoskeleton

YMEOMIEREICITEEROT I F MBS
DEEL. DEPBEEE WS ERICRLBRRNEEH
HUTWS, EDOALZEIFIE T nm. EAFEBENM TH
D, BLDTFIFU4EEY VIV BEDREERICE DI
BOBEVLEHHSINDRAODERE & WS RN AR
N3, —AH HREROYV/ICVEFEER (B nm)
NSZER BENMM) LT KRXBKRESTEET 2.
e, MBROAINARZIFIDKREREEERTHD. Bl
ZILINBEADERIFE0~100nmBEE I D, 250U
feEBRE. 77FYOMMENMENOEERDBTEL
F2ZET MEENSELZ VT FHIVRERD. M
E-AIARTEOEME WNSTERRERHT U2 L%
RET5, U U, EMREICEIT27 0 F U DRERE
FA1FIvIICEEBUTED £cZDEIHLEE>TTr
WE—ELTDTIF Y DEENIERIAY 5 & ISHEE TH
%o Ue B> THRIAETIE. in vitroBERRERAWTT
VFVORMBEEOEBNERZEERILISIEZE
£,

SEER. ETROBEEZE IV F VOB ELRK
IR, in vitro BIEBRRENETFEZHAEDE
Fe BTz e Ulco AT TlE. KBEHKENICT I F
VRGP NAFEEETEE ENEBSE. F/FVD
WEZERI €, KRFORIZE({LIENIE. F—
DIEETHEKE L TEROEEDHEBZRSESI LD
ARETH D, B LT V/I\VBEDRES EDORMREZ IR
MICHREIE S DRENESfo FRABF/I—VITLD
HEOELEACOWTHHIETE, XETFEZAWER
WESEEICEERNBWEBEN RS N,

RicARMeRWT REKNBTIFUEET VN
BTHHIAIELT ATV VICEBL. 2h50DH
BNDOE@RENICDWTHRIEUTco RABBEDF I F
VIERUIADYPATA UV ERBUCER. SAYY
(BEm) MEBREOHBEBEDHZZERBL, IT71Y
Y (#nm) REEICEDOSTEBTESENEEN

R EKSA - LA B Kei YAMAMOTO
ZAMREE | EmkERIZMRtEY 5 —
BRMMERREY ZARF — A
(FMBR =k %A)
ICRENTco — A PVFVOYRIEWN ST 1 U V5
BOMEER. BBRERGTRNICHFIZNSZ e bh
h, MEBOEEICIGUTTFIFUERY VI BOHEE
NREEINS 2V EFERMRBESNc. ULED
BRIEIBETILIVVNELTREAEINTE D, EEE
B BAEELLVCGRXERP TH S (*Yamamoto K.,
*Miyazaki M., bioRxiv, 2024) .

O®[5EHF X Oral Presentations

1. Yamamoto K., Miyazaki M.: “Optical control of actin
polymerization on the supported lipid bilayer”, The
Biophysical Society Annual Meeting, Los Angeles,
USA, 2H (2025)

@RAY—F&K Poster Presentations

1. Yamamoto K., Miyazaki M.: “Optical control of actin
polymerization on the supported lipid bilayer”, The
Biophysical Society Annual Meeting, Los Angeles,
USA, 2H (2025)

2.Yamamoto K., Miyazaki M.: “Optical control of
actin polymerization on the supported lipid bilayer”,
Mechanical Self- transformation of Living Systems
2024 Team Meeting, Aichi, Japan, 128 (2024)

3.Yamamoto K., Miyazaki M.: “Optical control of
actin polymerization on the supported lipid bilayer”,
RIKEN BDR Retreat, Hyogo, Japan, 108 (2024)

4.Yamamoto K., Yamazaki Y., Aoki K., Miyazaki M.:
‘BBEVYEHERELICBITIZTZIFVEGDIEE", The
76" Japan Society for Cell Biology, Ibaraki, Japan, 78
(2024)

5.Yamamoto K., Miyazaki M.: “Optical control of
actin polymerization on the supported lipid bilayer”,
Gordon Research Conference Cytoskeletal Motors,
Portland, USA, 78 (2024)

6.Yamamoto K., Miyazaki M.: “Optical control of
actin polymerization on the supported lipid bilayer”,
Gordon Research Seminar Cytoskeletal Motors,
Portland, USA, 78 (2024)

7. Yamamoto K., Yamazaki Y., Aoki K., Miyazaki M.:
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“Development and application of an optogenetic tool
to control the actin polymerization”, [IUPAB 2024,
Kyoto, Japan, 63 (2024)

8. Yamamoto K., Yamazaki Y., Aoki K., Miyazaki M.:

“Development and application of an optogenetic tool
to control the actin polymerization”, International
Symposium on mechanical control of biological self-
organization, Kyoto, Japan, 6H (2024)
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Elucidating the Mechanisms of Hair Follicle Stem Cell Fate Regulation through Extracellular

Matrix and Adhesion Molecule Dynamics

LHREMDEM TRFH DBEETR T IS,
AT KUY X (ECM) AARAIRGEEIZRcT, LM
U. R DECMBD°ZDEAE L ENFDELEN
BLUOYENERN HEOKRSZEVPHEBOREZE
DESICHELTWBDMNCDWTIE, T ICEBEI I
TWRWONRRTH D, TNETOHR T, B
WFEZZAVWTCECMBIRETFEREPERICEET DR
RAECEORREEBRIESMCINTE L, —A T ECM
ODREEENTA1FIIVR (D FEHKE. 7Y TU, §—
VA —=I\=) MEEPEBICEDLSBEEESEZZD
NEWSHEAHDEBHIFAEGENTWS, ZOEND
FHIF ECM OEIREZFIRL U BRIE T 2 RMDRIEHK
B&LicHh s EIcHkRRET o

KR TIE. CORBZRRT B/cod. FcBEREA
BIEFRIBEESATAAX=I VI FiEERFEL. ECM
DRZEBMNYAF 30 AR DOIRS 8V PIEBFREIC
52 3RRERZHBIZIEZBIBLTNDS, FFICK
BOETHREICEBL. TORELEEMEMITICRITS
EEECSMREOBEERZBRIAIZIEZENELTH

o BEAEMICIE. BEERDEREZARIEUVRIETZIL
T EEEDFHNEDLS B0 = LB EZE
FIELTWEIERESMNCT B EEHFLTVS,

AARICIF2DDEER T 7O—FMH 5, (1) ECM
DFOEMERIET DEMOFAK. (2) BEEEDEEZE
AR T 271 TAA—I VT ROBETH 5,

(1) ECMAFOMEHZIRIET B1chicid. BEFOD
FERETD. B F2REIED. H2WEH
FORFEMUWDFICBERZ D EWVWScFED N
BLird, COEMDZsH. CRISPR/Cas9v A7 L%
FRULIEY =Ty NBIRFOA Y/ 7 HIEN A BE 74
CRISPRon/off Y D ADFFEEEESH TS,

HREKA @ KE #5F  Kohei OMACHI

RAMRE | LR EHREY 5 —
HRENRERTRF — A
(FFEBR BER#BE)

(2) EEEOFERFTHEZZ7I VR FOEEZ S
ATAAX=I TG B8, GFP/ v I+ I ADESR
ICERDBATND, BEFEMICIE. £2RcDNAIY LS
IR ZAWCGFPRIGEIGFERIRSEINI T —%ZF
B, BEHRTABRRRIETILET Ty N
VEOEEPHIBICHEEEZIRWGFPBASIOX
D)= 0 EREU, CORIV—ZV T TELN
EFEAIERIC/ v I YR IREER L, FDHEET
fZEEHT NS,

INSOEDEMHICED, ECMTAF U ADKLER]
HHEI IR R K OEBIC 522 EZRESM L. F
AR EE MM ICR T D ECM OF - R EIDBENE

ST EN RSN,

@55 £ Publications
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1.Lona-Durazo F., Omachi K. Fermin D., Eichinger
F., Troost JP., Lin MH., Dinsmore IR., Mirshahi T.,
Chang AR., Miner JH., Paterson AD., Barua M. and
Gagliano Taliun SA. :*Association of Genetically
Predicted Skipping of COL4A4 Exon 27 with
Hematuria and Albuminuria”, ] Am Soc Nephrol, Jan
1;36(1):48-59 (2025)*

2.Koyama Y., Suico MA., Owaki A., Sato R., Kuwazuru
J., Kaseda S., Sannomiya Y., Horizono J., Omachi
K., Horinouchi T., Yamamura T., Tsuhako H., Nozu
K., Shuto T. and Kai H. : “Trimerization profile of
type IV collagen COL4A5 exon deletion in X-linked
Alport syndrome”, Clin Exp Nephrol, Sep;28(9):874-
881. (2024)"
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2. KETHESE : “HRREAN R U w I AN EREN 9 % _E R D
FELBEEM" JST ACT-XAMIRR AW E,
FIEBEFRE. AR/ - HEEENEY Y —. 2024
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£, 20255F1H9-10H, KR - /SFYVZw 7)Y — KR

@R A5 —HFK Poster Presentations
1. KET#EYE, Jeffrey H. Miner. BtJR#E : “Developing

Platforms for Simultaneous Manipulation and

Visualization of Extracellular Matrices In Vivo'. %

MZEEAVILFESIVECM E3EIFEARE. LBE-
LRV Y= 20245 7H24-26H

2.Kohei Omachi, Hironobu Fujiwara : “Generation of
Laminin-EGFP Mouse Lines for Visualizing Laminin
Dynamics in Tissue Development”, RIKEN BDR U k
U—h. B - 77V TIEE 2024510823-24H

3. KETHEE, BEIRME " EEEYCFIIANRETS
BRETEUHIE", 2024 FE ST/ ABILRIIRE.
I\ 7 JREE, 20245F12H26-27H

4.Kohei Omachi, John D. Lueck, Jeffrey H. Miner:
“Anticodon-Edited Transfer RNA (ACE-tRNA)
Therapy as a Potential Nonsense Mutation
Readthrough Strategy in Alport Syndrome”. £5130[E]
HABEHZR/H1020BREEF S/ 5H98B HA K
BFoaRKR BRAY ., 2025838198 (FE)

XXIV-038 Uncovering the Specific Roles of Phytohormone Co-Receptors Using

Artificial Molecules

Name: Jekson ROBERTLEE

Host Laboratory: Molecular Bioregulation Research Team

The major classes of phytohormone receptors have
been progressively identified through decades of
research. Many phytohormones act as ligands for
protein-protein interaction with their co-receptors.
Auxin phytohormone, for example, which plays
vital roles in almost all aspects of plant growth and
development, is perceived through the dimerization
of [TIR1-TAA] co-receptor pairs. However, it is not
easy to study and uncover the signaling mechanisms
of those receptors due to their genetic redundancy.
For instance, the Arabidopsis genome encodes 6
[TIR1/AFB] and 29 [AUX/IAA] co-receptor proteins
to perceive auxin. In this research, I aim to identify
and develop artificial molecules that can bypass the
complex genetic redundancy of phytohormone co-
receptors to uncover the roles of each receptor in
regulating plant growth and development.

Identifying potential biologically active
phytohormone analogues and plant growth regulators
by testing thousands of compounds library directly
to the plants (phenotype-based) consumed a lot of
resources, such as the need for a spacious growing
space, time-consuming and laborious. Setting up a
standardized growing condition and quantifying the
responses in a large-scale experiment is technically
challenging. Moreover, phenotype-based screening
tends to overlook the specific molecular process of
certain signaling pathways of interest, and genetic

RIKEN Center for Sustainable Resource Science
Laboratory Head : Shinya HAGIHARA

redundancy may obscure the effects. To overcome
this bottleneck process, I am developing an in vitro
technology to evaluate the binding of auxin co-
receptor proteins.

In this fiscal year, I have improved my system from
analyzing hundreds of samples to thousands daily.
Automatization can further boost the system as a
high-throughput screening (HTS) assay system. I
have been using the system to screen about 4000
small molecules that can act as auxin antagonists, and
several potential hit compounds have been found. I
am currently checking their reproducibility and their
effects on the plant. Besides screening for potential
auxin antagonists, my system can also evaluate the
binding affinity of auxin-like compounds to the co-
receptor proteins. Many compounds exhibiting auxin-
like effects in the plant have been reported. However,
whether some reported compounds directly bind to
the auxin co-receptor proteins is yet to be elucidated.
Therefore, I also plan to evaluate the binding affinity
of such compounds in my second fiscal year.

@ Oral Presentations

Conferences

1. Robertlee J., Nishiyama K., Shimizu S., Hagihara
S.: “Development of chemically inducible protein
heterodimerization (CID) in the plant: an additional
molecular tool to build a synthetic biology platform”,
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The 65th Annual Meeting of the Japanese Society of

Plant Physiologists, Japan, Kobe, 2024 March 17.
2.Robertlee J., Nishiyama K., Shimizu S., Hagihara

S.: “Development of chemically inducible protein

heterodimerization (CID) in the plant”, The 41st
Annual Meeting of the Japanese Society for Plant
Biotechnology, Japan, Sendai, 2024 August 30.
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Physiological function analysis of hatching factors for cyst nematodes.

EYIE. RRABERENZE 25580 Fehdht
L. &R - REBREOREH V. REAOHEIS - IGE. A
EOEMEDII 2= —yavICHALTWS, Bt
BXEYE (Hatching Factor: HF) &, fEIDRICE 4
UCKIBRBENES ERCITREEERTHDI VAN
VFATDBEFSISETUES. EMDORTEEK
INZIEYTH Do TDIEHHFIFV AN Y F a8
BROFEELTHIDSHEMNEITSNTE D, 19994
I HAENSY S/ IVLE VA (SEA) DY v A E
VAN EYF 2T TBIHFE U TCEBIRIES N, U
MU, TNUEZORARDEEEDHESI NS HF DR
HAVAEERBRRERICOVWTHREDREF ILEETH -
foo 2020FBICAD, IR I v HAEV RN Y F 2D
ML EYMEELTYS/I7 LB (SEB) % BgiE
ERESIN., NI SEDODESRELR TN EERTE
iz, —A T HF OB A A EBEAE SEYICE > TR
FR ANy F20BESETLES " TEDHTHD,
EMICES>TEDKSBEREZRICLTVWSDMIELD
TETH 2, ARBETIIHF DIEYIC & >TDEIBHEAE
ZHSNMCT B EZBENELTWS, INETIT, SEA

&KL - L FEKR  Ryota AKIYAMA
ZAMRE  REERBZMEREY Y —
R A7 LAHEF — L
(FFER FH #X)
ESEBMN YV HAEVRMN Y Fa0ICH T 25 EER
HFEULTHRESNTW2, RFEERFE=DYS/TUL
EYEULTYS/IILEY COBBREERES{T o7,
BSREWC EICSECIEY v AMEV RNz Favlcxt
T BMLRMESEME N SEB ¥ SEA & R T— SR EE
WZ EZBASMI LTz, o REEIFHF OBV ICH T
DHEEHETHSNCTIFENNDZRB/HICHFD
A ENEDLSBEHTHFEINDZION ZHIT UL, Z
DHER. BREBLPVYBORZICE>THFDEEN
FEIN. FICBRRZEZHTZOFENBEETH D
EEBASMICUTe, 2D ENS, HFIFERY U VS
WOt REDRZZHET TEMICE > TERBEKREIZR
LTWRDOTIREBWNEFEEIND, SRIE. FFITR
BRZEFHTTCOHFOHEEICEB U CRITZED DF
ETH Do

@R A5 —%3K Poster Presentations
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Muti-Omics Analyses Toward Elucidation of Rebooing Mechanisms of Developmental

Programs During Limb Regeneration

BSVWBLREZEOMEBZAV AR, SHEBE
ICRITP BB L TFHERERDOEREBETTRO
HLUMENRB SN, InETICBEIREWIHERRE
BEHBHITEIERFELThoxcl2/I3NFBIEE CHE
SNize 2B hoxcl2/131FEERFTH DI, 7/
L EICRETIHERREGFHOIONFYEEHOD
FNZENIERL. T/ L0714 RO FUigsEZbz
HFoTERNELFORRZHFEISEEZISND, LN
L N5 hoxc12/13 DFZRER AR B & i T 0D 5 3R Il 1
NDBEEIKRBEATHD, JONFUNDFES KRR
THolco T TARBRETRIIVFAIVRAT -5 i
ERICHBBEICEITZEERFhoxcl2/13IC £%E
GEFRRDOT/ LT RGHIEEEZRA T SR
X BNy

SEEF, BUOFEE—PE DRIV TILEILL
NIV ThZYRIU T =L GBIz FHI) & ATAC-seq
(vaOxFVEEA) 7—5ZBE 9 % scMultiome R %
To7co HIE/NILY ATAC-seqZEHEIL T\ R TET

MEEKSL : %& #3X  Yoshifumi ASAKURA
RAMREE : kR EHRtE Y 5 —
FERAIATRF — L
(FAER #HFT Z354)

B EIFREGD, INICEDEHIZICDOWTEGEFRIRE
|EVOXFVHEAEEWCH DT TF— IS URAT
ZITSTENTE S, BYDOFEKDFMICT/ LT
1 RGETFREHEHEEZMRIATES. BRICBAL
T—HEBRBIBZIENTE, 2OT—FZHEVWT. B
EICBWTHEEABEER FEN ED & SR HIEER
ZRWTRIRZFEINZDH. 2L TEDORRIFANZ
HRREC EICHRIAY DI OBRITZITRoTce ZDIHIT,
EEEETFORBEMBEBUCHRATS/ vd—FTr>
HiE (/LA LETELGFEI-RUAVES) ZHEU
feo MATZ DB BIEE WS ZERRRE S ERKERRE
CFRIREOEOEREZ MG EZERL. B
FICAWEz, ZZToEonhiz/Yyad—T1 YV EBIEE
BRFICHUCORRFEERTHEI YN\ T—DF
NIMEBTH Do St REMICINS DIEMHEIZ D
REMITZESD Db, HBULRIIPEEZRANS
ZETHURBAICE TR ECFRIFHEEEOREBEZE
B9
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Elucidation of Translational Control Mechanisms in the Circadian Clock by Novel High-

Throughput Ribosome Profiling Method

IR EDZ < OEYIFBHKEHC KD BROZE LICK
UTCBEIGLTWS, M24FEEBHOERFRIEV X L%
SHHT TR OXAZ XL INE TRAWICH
RINTEl, BEOMRTIIEICEEHEHOAEMNS
BHESH AN =X LZF2ERFREDERBENEATL
%, TD—AT. BELRAULEY NIRRT YDOFZE
B9 TEBER) OFEIE. BEICFEMTZLEITOTOERE
UCRS<EIHBEIIRICEWTIFERI T TE L, Lh

HRERS AR @K Naohiro KAWAMOTO
RAMRE : FRAERAE
EIBERNA Y R 7 LAECEHRE
(FFER =& EXER)
LR, —EBOREHERFORREEI B Y XLRKER
PUXLDEE - REMICEETHDAREMENIERHT S
WENTNIBRHTWNS, FclZEINSDOHRIFERI DR F
ICRESNTHD. HAREHIUIe > TEL 28R
HOL2RZEFT 5 ICITEENLZ T TO—FHRETH
%, 12U, HERFETEBIRROBEMRZ BRI B1coiciE
BRISTA ST REDY Y 7L AR ITHICLIELD
D, MBENRBITZTDIDENHDEVWSERMMICKE
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%, HEEEE. COFFEEIOACXFIFICIBAL.
HEFRIRBI DR ZMHAT %, AMARICLDIBYBIEK
STEERROEEBRZESMICL. BREIEICLZTRE
BIEANZZLICDOWTCERRZ BT,

AEEF, 3.5HE2RBAADY O XFXFHEIC
U HT-Thor Ribo-seq# KU RNA-seqZ{T5>Z & T,
HRE LV mMRNABIRY X LAD2EFZBESMIC U,
AWNEBED. mMRNAZEDOZEF AW EIFROATEHY X
LZRTHD, BEEHRDEOE—IHNIL 55 DR
E. BIREBEOHEZRE T 2EREF/c, £ico KB
WORBEIMBEDSIOEMNT T BEEYEHLN LRT
BZLUEINSBIFUEENERT D E W, —R, BHIC
RIDELOBEREERDIFDIENTE e, SE. BE -
BROMBERRICEE L. BEICKREFELRVWEIRRUX A
EBRANZZILDRH 2O, EWolcBWEEH, BB
RENERIRIREN OB AR OERZBEIE Y,
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1. Tomuro K., Mito M., Toh H., Kawamoto N., Miyake
T., Chow S.Y. A,, Doi M., Ikeuchi Y., Shichino Y. and
Iwasaki S.: “Calibrated ribosome profiling assesses the

dynamics of ribosomal flux on transcripts”, Nature
Communications, 15(1) (2024)*

2.Kawamoto N., Nakanishi S., Shimakawa G.:
“Light Wavelength as a Contributory Factor of
Environmental Fitness in the Cyanobacterial
Circadian Clock”, Plant And Cell Physiology, 65, 5,
798-808, (2024)*

3.Fujita T., Wakigawa T., Kawamoto N; Kurihara
Y., Hirose Y., Hirayama T., Toh H., Kuriyama T.,
Hashimoto A., Matsuura-Suzuki E., Mochida
K., Yoshida M., Matsui M., and Iwasaki S.:
“Synchronization between chloroplastic and cytosolic
protein synthesis for photosynthesis complex
assembly”, Mol. Cell, submitted*

O@[15EH X Oral Presentations

1.Kawamoto N., Mito M., Ohbu S., Iwasaki S.:
“Translational landscape of circadian rhythms in
plants”, 25th Annual Meeting of the RNA Society of
Japan, Tokyo, June (2024)

@/RR5—% 3k Poster Presentations

LARERK, KFEFRE, KEREL. SREARER - “18¥ic
BIFZHAY X LBREEO2EER . HB31EBAKHE
EVFRAMAR, Bl 11H(2024)

2.Kawamoto N., Mito M., Ohbu §., Iwasaki S.:
“Translational landscape of circadian rhythms in
plants”, International symposium on Multifaceted
Protein Dynamics, Fukuoka, Sep (2024)

3.Kawamoto N., Mito M., Ohbu S., Iwasaki S.:
“Translational landscape of circadian rhythms
in plants”, Ribosome meeting in Japan, Tokyo,
November (2024)

XXIV-042 i — RN B DIPEIC B 220 FE 45— 3 > ORI

Neuronal mechanisms underlying spatial navigation in the hippocampal-entorhinal circuit

InFET BEOECOMNEZRH T 2 THEHIEH
RDNEATWD INDSBENTZRDAEBEDE
BIEHRzRE T 2 EHEAIRBELE > Tc. SEEF. RN
REICEWT BEDMUETIRIEL Ihh5BEHTS
FRDABICH U TERAZRFRICKRIRT 2T FRINE
Filifg) 2R B Ui LZ2RZEFEICHEFK LI (Ouchi &
Fujisawa, Science, 2024),

sl BEOMENZEREZFHNDICENME
TEDLSICHENTINZEETDIENTED, DK

ARERKSE : KA EF Ayako OUCHI
BAWRE : MRRemrte > s —
REZE AR ASREEEMEF — L
(FTBR BEX®)
SIREMBH. FTET—> a3V, EICBECIRA
B EDKERDHREENBERT 2, BHICIE. 5
FriEs EWSZa—AYNEEL. FEDHTER
ITHIETERICHBITHPEEDMUBEZRHT 5. —A. IR
WEEICIE. TR cWSZa—OYhEEL. X
A DR FRICYU DG ZEIBTZESITTER TS
ET EFETANORODERREHEET 5, INS5D
FITAB A o4& FHE RS O 1R SR B < & D XN O SR AR AY
BEIN., EERBHZESEEISNTE 2, LML, B
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AHIRE, ZEEADE ZICWBH ZITET S EHEMICD
WTORBRIFEATW D, S SEDBEIT S
RONMBOZEEIERZRH T DEMHEAEREL ST,

F9. FYNCEHEERANTBREEZZEI B, &
N 2TmOEADEBICEWT, Eff EO2AFTICH
KDOKR—hZREBEL. TV MNIZFDZODOHEEREET S
ZETHRMMNEZSNDEWVWSTTEIRETH D, KIR—
NORIBZD LT DEEL, RABNEROBERNESE
BT 52 ET IRITHD2RITT TOREMZEREEIC Uiz,

RIC, COTHBEBZTO>TCVWBREZDTYNDIRA
FERLIOBEICE TR EeE. YUy 70—
BlBZRAWCRREZTofc, TOHER. RAREICHL
T YR IND SBH T I+ FEDFRDZE
BFOMBICH U TR FRORRZ/F O —AVERRE
L. M FRIRI B S ATz, 2OFRIREFHlR
(F. BEDOMEB CIIMEFRREZ LI ETABICTL
TRFIBEVINSERIET RO EREITHRENS
ELTWB ZENBESHICIRD T,

SEFER U CFANEFERE. Zhh5BNHEE
IREROMBEDZEREERZ TR - BT 2/cH. BN
METEDLSICBE T INEHET D L TEERKE
ZHESEEZS5ND AAREREIG. BPPENIEITD
EERECIEY —NCROSREROERICEM TS
EHfFE N,

@t LK Publications
GEE09)

1. Ouchi, A. and Fujisawa, S.: “Predictive grid coding in
the medial entorhinal cortex”, Science, 385, 776-784,

2024. "

2.0Ouchi, A., Toyoizumi, T. and Ikegaya, Y.: “Distributed
encoding of hippocampal information in mossy cells”,
bioRxiv, March 2024. in revision.

(FRERFCE)
L AKA¥F MRAKREICE TSN ROEBERZRY

Za—OYOERER, THERRZENY I X1, BARHR
BE2S 2024535

(X&)
1. BEX &, KAFF “Cutting Edge Research”, CBS

Magazine vol.8

@®[E* X Oral presentations

1. KAEFNRARBICHIFTD RO ZEBIERZE FH
IRIRTRIER, FEZARIARS REREBEG
2024, B4, 20245118 (3BE)

2. ARANEFROREZFAITZZ2—AVOERR,.
EREDRHDF v )T ~—0, BACZIAFTETFH#E
X, 2024108 (B)

@/RAY—H &K Poster presentations

1. Ouchi, A., and Fujisawa, S. “Grid representation for
predicting future pathway”, RIKEN CBS Retreat
2024, Shizuoka, November 2024.

2. AAEF BERERAKEICK TSI ROZREE
W I 27 )y FRR) . BA7/EHEHRERZRR,
@R, 2024578

3.Ouchi, A., and Fujisawa, S. “Grid representation for

future spatial information in the medial entorhinal
cortex” , FENS Forum 2024, Vienna, Austria. Jun
2024.

XXIV-043 Investigate the therapeutic effect of immune cell therapy in the tumor

microenvironment

Name: Yun-Hsuan CHANG

Host Laboratory: Laboratory for Developmental Genetics

Solid tumor microenvironment, which consist
various types of cells, creating favorable environment
for supporting the tumor growth and metastasis.
Notably, the tumor heterogeneity attributing to the
highly immunosuppressive microenvironment in the
tumor microenvironment (TME) is the major cause,
leading to the therapeutic failure. Thus, the innovative
therapeutic strategy for solid tumor is needed.

Recent years, cancer immunotherapy which enhance

RIKEN Center for Integrative Medical Sciences
Laboratory Head : Haruhiko KOSEKI

the cytotoxicity of antitumor immune cells and
modulate the antitumor immune response in the
TME, is considered as an advanced approach for
alleviating the tumor progress and increasing the
overall survival of cancer patient. In particularly,
the genetically modified immune cell therapy, which
can precisely target and kill the tumor cell, further
release the various type of cytokines to promote
the antitumor immune response, is approved as the
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standard treatment for the patient with hematological
tumor. Furthermore, recent studies suggest that the
genetically modified immune cell therapy is promise
in treating the patient with solid tumor.

However, at present, the alteration of the various
tumor associated antigen and immune cell exhaustion
in the TME are the major challenges to develop the
novel immune cell therapy with high therapeutic
efficacy for the patient with solid tumor. In the
present study, we aim to develop a revolutionary
cancer immunotherapy with the potential to boost
antitumor activity of immune cells, and revert
immunosuppression in the TME, for treating solid
tumors. In detail, the crucial features of TME and
tumor associated antigen heterogeneity will be
investigated and identified by a multivariate analysis.

According to the outcomes, the genetically engineered
T lymphocytes will be designed and constructed,
then, applied to the models of solid tumor. The
therapeutic potentials in restoring defective tumor
immune surveillance and enhancing antitumor
immune response, further attenuating the tumor
progress of solid tumor, are expected to be observed
in this innovative cancer immunotherapy.

@ Oral Presentations

1. Yun-Hsuan Chang, “The therapeutic potential of
mesenchymal stem cell-derived extracellular vesicles
(MSC-EV) in human disease”, The 96" Annual
Meeting of The Japanese Tissue Culture Association,
Tsukuba city, Ibaraki, Japan, June 27-28, 2024

XXIV-044 Mirror Neuron System Underlying Decision-Making in Social

Interactions

Name: Binglun LI
Host Laboratory: Brain Functional Dynamics Collaboration Laboratory

Thirty years have passed since the first description
of mirror neurons (MNs) in the macaque monkey
premotor area which exhibited the fascinating property
of discharging when both performing and observing a
goal-directed action. After that, MNs were reported in
multiple brain areas in humans and other primates and
have been suggested to play important roles in social
interaction such as learning by observation, imitation,
understanding others’ intentions, empathy, and vocal
communication. However, after years of debate, their
functions, mechanisms, and developmental history in
ontogeny and evolution remain unclear, because studies
about MNs were mainly conducted in the human
with non-invasive but indirect recording, which lack
single-cell resolution. Clarifying the identity of MNs
would greatly benefit from single-cell level recording
in a primate model. In this study, I aim to elucidate
the neural mechanism of mirror neuron system
(MNS) using calcium imaging in behaving common
marmosets.

To achieve this goal, I first designed an observation-
execution task, in which head-fixed marmosets were
trained to perform and observe the same action in turn.
The task setup could be run fully automatically, with a
vibration meter sending a feedback signal to a reward
system to train the marmoset to minimize its head
movement when performing the task, which is essential

RIKEN Center for Brain Science
Laboratory Head : Masanori MATSUZAKI

for calcium imaging in task-performing marmosets.
Three adult marmosets were implanted with headplates
for head fixation. Then, they were trained to observe
movies shown on a monitor and perform a grasping
action to receive a reward between the movies. After
training, all three marmosets learned to sit still without
head movement while waiting for the reward, and grasp
the reward without looking directly. Furthermore,
the eye and body movements of the marmosets were
tracked during the training. The marmoset’s body
parts, such as hand, shoulder, elbow, eyelid and pupil,
were identified by DeepLabCut. Our preliminary
analyses of pupil movements indicate that the training
marmosets” eyes tracked the actor marmoset’s actions,
which suggest that the training marmoset focused on
the monitor during the training, and understood the
action shown by movies. Moreover, the tracking of the
training marmoset’s hand behavior suggested that the
marmoset could perform the grasping action stably
under head fixation.

With the marmosets performing observation-execution
in turn under head fixation, we will be able to identify
MNS-related brain areas in the marmoset by one-
photon calcium imaging and examine the mirror
activity at the single-cell level using two-photon
calcium imaging.
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@ Oral Presentations

1. “Exploring the neural basis of mirror neuron system
through calcium imaging in marmosets” Young
Investigators’ Seminar, RIKEN CBS, Wako Japan,
Jan. 10th, 2025.

@ Poster Presentations

1.Binglun Li and Matsuzaki Masanori:“Exploring
the neural basis of mirror neuron system through
calcium imaging in marmosets” the 3rd Joint Poster
Presentation for Young Scientists, RIKEN CBS, Wako
Japan, Sep. 12th, 2024.

2.Binglun Li and Matsuzaki Masanori:*Exploring
the neural basis of mirror neuron system through
calcium imaging in marmosets” CBS Retreat 2024,
Gotemba-City Japan, Nov. 28-29th, 2024.

3.Binglun Li and Matsuzaki Masanori:*Exploring
the neural basis of mirror neuron system through
calcium imaging in marmosets” 4th project meeting
on “Biology of Behavior Change™: Brain Dynamics x
Behavior Change, Atami Japan, Dec. 12-13th, 2024.

XXIV-045 ZZ[] b5 > A7) T b= LRI &L DM ARIERTEE AP D267

35 5 TR EL O iR

Deciphering Convergent Pathology of Schizophrenia Through Spatial Transcriptome

Analysis

AMRDOEMIE, BE—HlEREREDERNI VR TY
Th—LEMIcE>T REROERLGHERFESRE
BILFHOERBICLOIHBREZASMNCIZIET
H %o
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R\, ZORMIF2022F ICHRES NI LLEIIFTL
WERITTH D, RBREDE>TOWRBWIENS, KEF
ETREITERROMILZITolc, NDEBRFE DOMRE

AEERKSL - P [E Takumi NAKAMURA
ZAMRE | MNERREMREY Y —
DT EHRERRTF — L
(FMER BH &)

. BHIEOREE. ERESROAEZT TLU. LK
KREBRRZAVT BEVIARBICEWTHLEREEER
AT 127D Stereo-seqT —F DB %5E T Uiz,
BonlcT—YDREF v I E{Tolc& 3. B—HliE
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DIFEREEIC. MEXFEOLBREBICERLS 2
BONBEIRZIESMNCT Z2RENH S,

O[I5EH K Oral Presentations

1. Takumi Nakamura, Takashi Tsuboi, Tadafumi Kato,
and Atsushi Takata. “Functional analyses of genetic
risks for autism spectrum disorder identified by rare
variant studies”, NEURO2024, Fukuoka, July(2024)
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Identification of a Novel Gene Expression Regulation Mechanism by AIRE that Suppresses

Autoimmune Diseases

BAEFAIRE (FHORREEE £ Mg (MTEC) IC&1F
SHEBERENBECTIR (TSA) B FORREZFEL.
HORERBOREMNFICEERZIERLLTWS,
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REEE. TNEFNOMIECHY 7y MFEBIC
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DHER UTzo SEICKRIRBOEBTICEFL. UTDZ &%
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[1] mTEC I$FEMAIRE REY I RICE TS mTEC
DAL ENREE T O—H 4 MAX—5—BITTRHMIILIcE
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MEMEARY TEYRDEIENMETLTVWSRE £
B AIRE RIEY I RICFEBURRERNH ST,

(2] 28 AIREREVYVATIEZI£RMHBTES
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ARBEKSE - BE 8X Takahisa MIYAO

ZAMRE | EHERERREY T —
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mTEC IEMAIREXRIBY VAN, 25 AIREX
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FOREHEE MTEC D EHlEHZ, B> b
BEDAIREMNME-TWRZEZREBLTWS,
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@:5 EHF K Publications

(REFwX)

1. Mio Hayama, Hiroto Ishii, Maki Miyauchi, Masaki
Yoshida, Naho Hagiwara, Wataru Muramtatu,
Kano Namiki, Rin Endo, Takahisa Miyao, Nobuko
Akiyama and Taishin Akiyama :"Direct and indirect
RANK and CD40 signaling regulate the maintenance
of thymic epithelial cell frequency and properties
in the adult thymus", Front Immunol. 2024 Nov
29:15:1500908*

2.Hiroto Ishii’, Rin Endo’, Sanae Hamanaka’,
Nobuyuki Hidaka®, Maki Miyauchi, Naho Hagiwara,
Takahisa Miyao, Tohru Yamamori, Tatsuya Aiba,
Nobuko Akiyama and Taishin Akiyama :"Establishing
a method for the cryopreservation of viable peripheral
blood mononuclear cells in the International Space
Station", NPJ Microgravity. 2024 Aug 9;10(1):84"

3.Yuya Maruyama, Yusuke Ohsawa, Takayuki Suzuki,
Yuko Yamauchi, Kohsuke Ohno, Hitoshi Inoue,
Akitoshi Yamamoto, Morimichi Hayashi, Yuji
Okuhara, Wataru Muramatsu, Kano Namiki, Naho
Hagiwara, Maki Miyauchi, Takahisa Miyao, Tatsuya
Ishikawa, Kenta Horie, Mio Hayama, Nobuko
Akiyama, Takatsugu Hirokawa and Taishin Akiyama :
“Pseudoirreversible inhibition elicits persistent efficacy
of a sphingosine 1-phosphate receptor 1 antagonist”,
Nat Commun. 2024 Jul 19;15(1):5743*
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XXIV-047 Identification of RNA-binding protein regulators of immunogenic
non-coding RNAs through CRISPR knockout screening

Name: Ahmad Lugman Bin ABDUL FATAH

Host Laboratory . Laboratory for Retrotransposon Dynamics

The study of endogenous elements such as human
mobile elements, i.e., retrotransposons that trigger
innate immunity, is an emerging field that can
potentially be manipulated for cancer immunotherapy
and autoimmune disease treatments. These include
endogenous RNA immunogens, which are inhibited
by the host proteins to avoid immune triggers in
normal conditions. This project aims to identify
both RNA-binding protein regulators and the
corresponding RNA immunogens. Firstly, the
genes will be identified by a genome-wide CRISPR
knockout screening using a fluorescence reporter for
immune response (interferon-stimulated response
element (ISRE) and Nuclear factor-kappa B (NF-kB)
promoters). In this fiscal year, several cell lines with
ISRE-tdTomato, NF-kB-EGFP, and NF-kB-tdTomato
cell lines have been generated. A monoclonal cell
line A549 with ISRE-tdTomato reporter cassette
and Cas9 has been optimized for the genome-wide
CRISPR knockout screening. The Cas9 shows ~99%
knockout efficiency in a control sgRNA experiment
against EGFP (sggfp) in this cell line. Using a genome-
wide CRISPR library with ~100k sgRNA targeting
all human genes (~4 sgRNA per gene), we find that
the positive population is <1%, making analysis
difficult; revival screening (repetition of CRISPR KO
screening using selected sgRNAs) will be performed
to enrich the positive sgRNAs for higher reliability.
The enriched sgRNAs will be screened for potential
immunogenic RNA regulators. In addition, the NF-kB
reporter cassette will also be optimized for a separate
screening experiment.

To screen for immunogenic RNAs, I am developing an
identification method by fusing RNA sensor MDA5
with two candidates: RNA tagging (RDE3 from C.
elegans) or proximity labeling (APEX) proteins. The
tagging protein, RDE3 was found to add poly(UG)
at the 3’ end of RNA, which makes it possible to be
combined with single-cell RNA sequencing using
poly(UG) primer against the tagged RNA and sgRNA
with poly(UG) code (combination of Perturb-seq
and RNA tagging). Hypothetically, this method can
identify immunogenic RNA to the corresponding

RIKEN Center for Integrative Medical Sciences
Laboratory Head . Tomoichiro MIYOSHI

sgRNA in a high throughput manner. I am currently
testing the efficiency of poly(UG) addition in human
cell lines. Another candidate is APEX, which can
biotinylate RNA in close proximity to the fused
protein MDAS. Identification of protein regulators
and the corresponding immunogenic RNAs will add
more target candidates for immunotherapies.

@ Publications

Paper

1. Yano N., Chong PF., Kojima KK., Miyoshi T., Lugman-
Fatah A., Kimura Y., Kora K., Kayaki T., Maizuru K.,
Hayashi T., Yokoyama A., Ajiro M., Hagiwara M.,
Kondo T., Kira R., Takita J., Yoshida T. Long-read
sequencing identifies an SVA_D retrotransposon
insertion deep within the intron of ATP7A as a novel
cause of occipital horn syndrome. ] Med Genet.
61, 950-958. (2024) doi: 10.1136/jmg-2024-110056.
“published”

Review article
1. Lugman-Fatah A., Nishimori K., Amano S. Fumoto

Y., and Miyoshi T. Retrotransposon life cycle and
its impacts on cellular responses. RNA Biology. 21,
11-27. (2024) doi: 10.1080/15476286.2024.2409607.
“published”

@ Oral Presentations

International conference

1. Lugman-Fatah A., Watanabe Y., Uno K., Ishikawa
F., Moran J.V. and Miyoshi T. A network of
interferon-stimulated genes regulates human LINE-
1 retrotransposition, 19" World Immune Regulation
Meeting, Davos, Switzerland 2024, 12" - 15" March.

@ Poster Presentations

International conference

1. Lugman-Fatah A., Watanabe Y., Uno K., Ishikawa
F., Moran J.V. and Miyoshi T. A network of
interferon-stimulated genes regulates human LINE-
1 retrotransposition, 19" World Immune Regulation
Meeting, Davos, Switzerland 2024, 12" - 15" March.
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Elucidation of neural mechanisms of perception generation using ultra-wide-field two-

photon microscopy
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XXIV-049 Cortico-Subcortical Neuronal Circuits Integrating Aversive Emotional

States with Decision-Making

Name: Tomoya OHNUKI

Host Laboratory: Laboratory for the Neural Circuitry of Learnin and Memory
RIKEN Center for Brain Science

Laboratory Head : Joshua Patrick JOHANSEN

Our decisions often vary with our emotional states.
For instance, during anxiety or fear, our predictions
and choices tend to be more cautious and pessimistic.
While it is well established that emotions influence
decision-making, the neural mechanisms integrating
these processes remain a longstanding mystery.

To address this, we developed a novel cognitive
task for rats that induces aversive emotional states
while allowing us to assess their impact on various
aspects of reward-based decision-making. Behavioral
analyses revealed that aversive emotional states led

rats to overestimate decision uncertainty, without
significantly affecting sensory discrimination
accuracy or task motivation. During this task,
we recorded neural activity from the mPFC and
identified neurons encoding sustained emotional
states over several hours. Additionally, mPFC neurons
represented decision-related information that varied
on a trial-by-trial basis. Notably, some neurons
exhibited activity patterns closely correlated with
emotion-driven changes in decision-making behavior.
However, population-level analyses revealed that
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emotional and decision-related information could
still be independently decoded from mPFC activity.
These findings suggest that the mPFC represents
emotional states, decision-making processes, and
their integration through distinct neural coding
strategies, employing both specialized subpopulations
and distributed population-level activity.

We are currently investigating the neural circuits
causally involved in integrating aversive emotional
states into decision-making through pathway-
specific optogenetic manipulations. Previous
studies have demonstrated that stress-induced tonic
noradrenaline release from the locus coeruleus
(LC) disrupts prefrontal cortex function and

impairs decision-making. To explore this, we have
successfully implemented fiber photometry to monitor
noradrenaline dynamics in the mPFC of rats engaged
in the task. Our ongoing analyses aim to uncover
the relationship between noradrenaline release and
the maintenance or switching of emotional states,
with a focus on identifying critical task epochs for
optogenetic interventions. Furthermore, we are
working to express a GPCR-based opsin (eOPN3) to
selectively inhibit presynaptic transmission from LC
neurons projecting to the mPFC. Building on these
findings and our first-year progress, we aim to further
advance the project in the coming year.

XXIV-050 Elucidating The Circuit Mechanisms of Insight in the Mammalian Brain.

Name: Hongshen HE
Host Laboratory : Laboratory for Circuit and Behavioral Physiology

Rapid learning and decision-making are essential
for survival. Unlike slower trial-and-error learning,
insight-based learning involves a rapid transition
from poor understanding to full comprehension, yet
the underlying neural mechanisms remain elusive.
This study investigates the hippocampal CA2 region,
focusing on its intrinsic and extrinsic pathways to
understand its role in memory processing.

Intrinsically, we recorded neuronal activity from
CA2 and its neighboring regions, CA1 and CA3,
using a multi-unit drive array during a memory task.
To probe CA2’s role, we also transiently silenced its
pyramidal cells via chemogenetics, revealing distinct
contributions of CA2 to hippocampal dynamics.
During rest, CA2 inhibition reduced synchronization
across regions (CAl, CA2, CA3). During new
learning, CA1 place field formation slowed, and CAl
pyramidal cells showed reduced excitability during
pauses without CA2 input. At the network level, a
convolutional neural network revealed subregion- and
state-dependent spatial coding changes that mirrored
single-cell observations. These findings highlight
CA2’s critical role in coordinating hippocampal
dynamics across behavioral states. Ongoing work

RIKEN Center for Brain Science
Laboratory Head : Thomas John MCHUGH

integrates theoretical models to explore how CA2
enables network flexibility during memory tasks
requiring reorganization and updating of retrieved
information. Extrinsically, we identified a novel
pathway from CA2 to the basal forebrain. Using
anatomical, behavioral, and physiological approaches,
we uncovered a bidirectional regulation by CA2 that
modulates cholinergic tone, influencing memory
processes via feed-forward inhibition in the basal
forebrain. This pathway enables the retrieval and
updating of familiar and novel external information
while functioning as a switch between online
(encoding/retrieval) and offline (consolidation)
memory states. These findings position CA2 as a
pivotal regulator of memory processing, capable of
dynamically shaping hippocampal activity to adapt to
cognitive demands.

Together, these results uncover novel roles for CA2 in
memory processing through its intrinsic and extrinsic
pathways. By governing hippocampal dynamics and
modulating interactions with the basal forebrain, CA2
emerges as a key player in the neural mechanisms
underlying rapid learning and decision-making.
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Development of micro-laser driven by single cel firing for al-optical electrophysiological
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1. D. Kawasaki, T. Endo, “Enzyme-containing-hydrogel/
TiO2 Hybrid Photonic Crystal for Label-free
Detection of Small Molecules” Sci. Rep. (Submitted)

2.Ryosuke Nishitsuji, Daiki Kawasaki, Kenji Sueyoshi,
Hideaki Hisamoto, Tatsuro Endo “Investigation of
multivariate analysis of surface-enhanced Raman
scattering spectra using simple machine-learning
models: Prediction of the composition of mixed self-
assembled monolayer on gold surface” Soft Computing
(Accepted)

3.D. Kawasaki, R. Nishitsuji, T. Endo, “Dealing with
plasmonic crystal biosensors: Sensitivity assessment
of nanodisks/nanoholes arrayed plasmonic system
for label-free DNA detection” Biosens. Bioelectron., 15,
116659 (2024)

4.D. Kawasaki, R. Nishitsuji, T. Endo, “Nanoimprinted
Plasmonic Crystals for Cost-Effective SERS
Identification of Methylated DNAs” Sensors, 24, 12
(2024)
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Direct measurement of self-propulsion driven-diffusion of single enzyme molecule

using nanofluidics
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1. Yamamoto K., Ito Y., Tanaka N., Tanaka Y. and Ota
N.:“High-refractive-index glass device fabricated by

room temperature bonding”, J. Micromech. Microeng.
34127001 (2024)*
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I.Inutsuka Y., Yamamoto K., Kuroda M., Okada
Y.:“Single-shot label-free nanoscopy for quantitative
organelle visualization on standard commercial
microscopes”, bioRxiv 2024.12.31.630894

XXIV-053 Automated Development of Databases of Histological Brain Imaging

Data in Alzheimer’s Disease

Name: Charissa Ting Amanda POON
Host Laboratory: Brain Image Analysis Unit

Integrative Computational Brain Science Collaboration Division
RIKEN Center for Brain Science

Laboratory Head : Henrik SKIBBE

The present study aims to develop an automated
pipeline to create databases of analyzed brain
imaging data for Alzheimer’s disease (AD) research.
Specifically, we aim to create one database to
centralize images from transgenic mouse studies by
aligning microscopy images to a common reference
space, and another for brain images from human AD
studies. The significance of this work is two-fold: First,
aligning images to a common reference space would
allow visualization and analysis of imaging data
from different studies, strains, and subjects, greatly
facilitating cross-study comparisons. Second, the
automated pipeline would improve the reproducibility
and robustness of image analysis in AD research
because it reduces manual work, and thereby the
associated human bias and error.

The plan for FY2024 consisted of acquiring datasets
and developing a prototype of the image processing
pipeline.

Microscopy brain images from transgenic mouse
models of AD have been generously provided by
laboratories at RIKEN (Saido, Sasaguri, Miyawaki

labs). Neuropathology images from 83 AD human
patients have also been acquired from the Seattle
Alzheimer‘s Disease Brain Cell Atlas (SEA-AD).
The image processing pipeline consists of four steps:
1.Image registration (aligning brain images to a
common template space),
2.Image segmentation (classifying voxels depending
on whether they show objects-of-interest or
background),
3.Classification (segmented objects-of-interest by
factors such as shape and location), and
4. Downstream analyses (e.g. colocalization
analyses).
We aim to use deep learning techniques to automate
and optimize the pipeline, particularly the first three
steps.
We developed an automated image processing pipeline
that consists of the same four steps as listed above,
and tested its feasibility on a large dataset of gene
expression images of the marmoset brain (>20,000
images). This work was a collaborative effort that
benefitted from the expertise of collaborators within
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RIKEN, in Japan, and abroad. We curated the outputs
of the pipeline, the processed images, into a database,
mirroring the workflow of this project. This work was
presented at the Japan Neuroscience Conference. The
manuscript is currently under preparation.

Deep learning algorithms were explored for two
steps in the pipeline: image segmentation, and
image registration. For image registration, a novel
3D method that restricts image deformation
to the XY-plane, thereby avoiding undesirable
Z-plane deformations, was developed. For image
segmentation, we built a meta-learning framework to
combine segmentation outputs from multiple deep
learning segmentation models to create segmentation
maps that are better representations of the images.
This is necessary for segmenting images in which it
is difficult to separate the signal from noise, which
is a common problem in biomedical imaging. This
work was presented at the Medical Imaging with Deep
Learning conference.

We are also developing strategies specific to the
human datasets. For example, the SEA-AD dataset
contains layer-specific tissue masks, which can be
leveraged for image registration. Preliminary results
are shown in Figure 1.

Figure 1. Registration of a brain section from the superior temporal
gyrus (moving image) from a human AD subject to the CerebrA
brain atlas in the MNI-ICBM2009¢ template space (fixed image).

@ Oral Presentations

Conferences

1. Poon, C., Byra, M., Rachmadi, M.F., Schlachter M.,
Decroocq, M., Xu, B., Fulcher, B., Shimogori, T. and
Skibbe, H.: “A 3D gene expression atlas of the adult
marmoset brain”. The 47" Annual Meeting of the
Japan Neuroscience Society, Fukuoka Japan 2024,
July 24-27.

@ Poster Presentations

Conferences

1.Poon, C., Byra, M., Shimogori, T. and Skibbe,
H.: “Meta-Learning for Segmentation of In Situ
Hybridization Gene Expression Images”. Medical
Imaging with Deep Learning, Paris France 2024, July
3-5.
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Stewardship for cooperation of global human collective behavior using artificial agents and

robots
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2.Kazuya Horibe and Michael Crosscombe, “Workshop
Organization: Evolution, Criticality and Creativity in
Collective Intelligence”, Artificial Life, Copenhagen,
Denmark, July (2024)

3.Kazuya Horibe and Naoto Yoshida, “Acquisition
of implicit world models via domain adaptation
in homeostatic meta-reinforcement learning”,
Theoretical and Experimental Approaches to Goal-
Directed Behavior, Bilbao, Spain, October (2024)

@R A5 —H3K Poster Presentations

1. Kazuya Horibe, Midori Ban and Keisuke Suzuki,
“Investigating the effects of chaotic aperiodicity on
flicker light-triggered hallucinatory phenomena”,
Association for the Scientific Study of Consciousness,
Tokyo, Japan, July (2024)

2.Kazuya Horibe, “Toward the Biology of Cognition:
Organizing the Relationship between Autopoiesis
and Agency”, Aware and Alive (ASSC27 Satellite
Symposium), Sapporo, Tokyo, July (2024)

3.Kazuya Horibe and Naoto Yoshida, “Emergence
of Implicit World Models from Mortal Agents”,
The Intrinsically Motivated Open-ended Learning
workshop at NeurIPS 2024, Vancouver, Canada,
October (2024)

XXIV-055 Integrating Linguistic and Non-linguistic Information for Narrative
Descriptions of Android Robots

Name: Bowen WU
Host Laboratory . Interactive Robot Research Team

In this research, we developed a novel co-speech
gesture generation model based on diffusion models
to improve the naturalness and synchronization
with the speech. The model takes as input audio
signal and output a sequence of joint rotation
angles corresponding to human skeleton hierarchy,
which can be used to control human-shaped agents.
Through objective measurements and a user study,
we confirmed that the gestures produced by the
proposed model are perceived as more natural and
synchronized with the speech than previous models.
Moreover, for the generation of longer speech,
we proposed a strategy to merge two consecutive
generated segments, which outperforms traditional
merging methods. Furthermore, we included the

Guardian Robot Project
RIKEN Information R&D and Strategy Headquarters
Laboratory Head : Takashi MINATO

facial expression generation along with the gesture
generation as facial expression is also closely related to
speech. Although the system can be directly applied to
virtual human-shaped agent, it is difficult to directly
map its output to physical robots due to different joint
configuration. To tackle this problem, we developed
a data-driven method to realize the retargeting from
human data to robot joint command. In the present
work, we specifically focus on the retargeting of facial
expression due to the difference in the representation
between facial expression and human movement.
The proposed method utilizes the differentiability of
neural network which predicts facial blendshape value
from command value to perform gradient descent
with respect to the command to find the optimal
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value. The experiments show that the proposed
method achieved a higher accuracy of retargeting
compared to other baseline methods including a
trained forward network, proving the effectiveness
and necessity of the proposed method. These
results would not only contribute to the final goal
of realizing an integrated system for android robot
multimodal behavior generation, but also deepen
our understanding on how human perceives android
robots.

@ Publications

Papers

1. Wu B,, Liu C., Ishi C.T., and Ishiguro H.: Speech-
Driven Gesture Generation Using Transformer-Based
Denoising Diffusion Probabilistic Models, in IEEE
Transactions on Human-Machine Systems, vol. 54,
no. 6, pp. 733-742, Dec. 2024

2.Wu B,, Liu C,, Ishi C.T., Minato T. and Ishiguro H.:
Retargeting Human Facial Expression to Human-like
Robotic Face through Neural Network Surrogate-
based Optimization, IEEE/RSJ International
Conference on Intelligent Robots and Systems (IROS),

Abu Dhabi, United Arab Emirates, 2024, pp. 4724-
4730

@ Oral Presentations

International Conferences

1. Wu B,, Liu C,, Ishi C.T., Minato T. and Ishiguro H.:
Retargeting Human Facial Expression to Human-like
Robotic Face through Neural Network Surrogate-
based Optimization, IEEE/RSJ International
Conference on Intelligent Robots and Systems (IROS),
Abu Dhabi, United Arab Emirates, 2024, pp. 4724-
4730

@ Poster Presentations

International Conferences

1. Wu B,, Liu C,, Ishi C.T., Minato T. and Ishiguro H.:
Retargeting Human Facial Expression to Human-like
Robotic Face through Neural Network Surrogate-
based Optimization, IEEE/RS]J International
Conference on Intelligent Robots and Systems (IROS),
Abu Dhabi, United Arab Emirates, 2024, pp. 4724-
4730

XXIV-056 The Development of Tunnel Junction AlGaN-based 220-230nm LEDs
for “Human Safe” Disinfection and Sterilization Applications.

Name: Muhammad Nawaz SHARIF

Host Laboratory : Quantum Optodevice Laboratory

Toxic mercury (Hg) lamp has been used for the
applications of deep-ultraviolet (DUV) LEDs
including water sterilization, surface disinfection, and
pathogen contaminations. The exposure of the living
organism to the Hg-based UV lamp may severely
damage the living cells and may cause multiple
diseases including cancer. AlGaN-based DUV LEDs
are environmentally friendly and have multiple
advantages such as low power consumption, compact
size, ease of carry, and ease of installation. In the
far-UVC region, the 220-230 nm emission range is
found to be very effective for the above applications
in the manned environment. The external quantum
efficiency (EQE) and wall plug efficiency (WPE) of
AlGaN 220-230nm lights are still far behind in their
realization and commercialization when compared
to UVB LEDs. AlGaN-based far UVC (220nm-
230nm) LEDs face several challenges including higher
threading dislocation density, lower hole injection
efficiency and light extraction efficiency etc. Herein,

RIKEN Cluster for Pioneering Research
Laboratory Head : Hideki HIRAYAMA

we first studied and identified the main challenges
that need to be investigated. Simulations studied
have been carried out using the SILENSe STR tool
at the first stage to theoretically optimized a far
UVC LED. Multiple parameters are considered for
the optimization including the number of quantum
wells, the thickness of the quantum barrier and the
polarized doped p-AlGaN layer. The simulations study
shows that by using a higher number of quantum
wells the carrier injection efficiency (CIE) is increased
while the internal quantum efficiency (IQE) is
reduced due to a lower radiative recombination rate.
These results help in the selection of the number of
quantum wells and optimization of active regions.
The optimized structure was experienced in the
MOCVD reactor and carefully grown over a locally
manufactured AIN template. The results show that
polarized doped p-AlGaN layer 1.2 mW light output
power at CW condition can be achieved at 232 nm
emission wavelength. The highest efficiency reached
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0.35 % which can be further improved by working on
the n-AlGaN layer. However, it was identified that the
emission was not consistent over the entire sample
which can be improved by working on MOCVD
reactor conditions. EL spectrum was calculated at
40 mA injection current using electrodes at multiple
positions. A strong peak appears at 232 nm emission
wavelength. In addition, this structure is going to be
utilized by increasing the number of quantum wells.
Currently, the performance is improved but still
needs to be further optimized for the 220-230nm LED
structure.

@ Publications

1. Muhammad N. Sharif, Jingshu Yang, Xiaokun Zhang,
Ke-Fan Wang, Proposing lead-free Cs2Snl6-nBrn for
silicon heterojunction-based tandem solar cell, Solar
Energy, Volume 281, 2024, 112893.

2.M. N. Sharif, J. Yang, X. Zhang, Y. Tang, G. Yang, K.-F.
Wang, Tailoring Electronic Properties of 6H-SiC with
Different Composition of Silicon by First-Principles
Calculations. Adv. Theory Simul. 2024, 7, 2400245.

3. Muhammad N. Sharif, Jingshu Yang, Xiaokun Zhang,
Yehua Tang, Gui Yang, Ke-Fan Wang, First-principle
calculations to investigate electronic and optical
properties of carbon-doped silicon, Vacuum, Volume
219, Part A, 2024, 112714.

4.Hafeez Ur Rahman, Khalid. Ayub, Nawaz Sharif, M.
Ajmal Khan, Fang Wang and Yuhuai. Liu, Advantages
of A1GaN Tunnel Junction in N-Polar 284 nm
Ultraviolet-B Light Emitting Diode, ECS Journal of

Solid-State Science and Technology, vol 13, 2024.

5. Ayub, Khalid, Banaras Khan, Yuhuai Liu, M. Nawaz
Sharif, M. Ajmal Khan, and Hideki Hirayama.
"Achieving zero efficiency droop in highly efficient
N-polar AlGaN tunnel junction-based 254 nm DUV
LED." Optics & Laser Technology 180 (2025): 111567.

6.Taiga Kirihara, M. Ajmal Khan, Yuya Nagata, M.
Nawaz Sharif, Yukio Kashima, Hiroyuki Yaguchi,
Yasushi Iwaisako, and Hideki Hirayama, “Theoretical
and Experimental Investigation of transmittance
in 225+1 nm far-UVC LED grown on c-Sapphire.”
Under preparation.

@ Oral Presentations Conferences

1. Sharif Muhammad Nawaz, M. Ajmal Khan, Yuhuai
Liu, H. Hirayama," Achieving Zero Efficiency
Droop in Highly Efficient N-Polar AlGaN Tunnel
Junction-based 254 nm DUV LED, 21'"* China
International Forum on Solid State Lighting &
the 10" International Forum on Wide Bandgap
Semiconductors (SSLCHINA & IFWS 2024), Suzhou,
China, November 18-21.

@ Poster Presentations Conference

1.Hafeez Ur Rahman, M. Nawaz Sharif, M. Ajmal
Khan, Fang. Wang, Yuhuai. Liu, “Optimizing TE/
TM-Mode Engineering for Enhanced Performance in
AlGaN UVB LED."21st China International Forum
on Solid State Lighting & the 10" International Forum
on Wide Bandgap Semiconductors (SSLCHINA &
IFWS 2024), Shenzhen, China, Nov 18-21.
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