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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 2022. The outline of the programs is as follows.

The programs

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

researchers from Japan and overseas.

Program Features

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

engineering, and any other fields related to research now being conducted at RIKEN.

SPDRs must have a PhD at the time of application, and must be able to independently pursue research
themes decided on the basis of what they want to pursue and how that fits in with the research being

conducted at RIKEN.

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

carrying out their research.

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

guidance from the laboratory head.

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

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

Since the program started, there have been a total of 1907 SPDRs and 153 FPRs and there are currently 158
SPDRs (as of August 2023).

August 2023
RIKEN
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Measurements of Spectral Change of Vector Mesons in Nuclei

AFROEMIE. /A\ROYOBEEHN/\NOVOREED
HEEDORERTRESNIEBNGEE THDIIEERR
HICRITedlic. RTNLFEFORFENTOEED
MEBERTOEENHZAEL. ZDEZHEICTHE
IBIETHBo

—RIR T A — IEBICEWTHEFIE3 DDA —Ih
SERENEN, ZOEE (938 MeV) [FEED T +—
Iy T AEBICL > TEZEEDEMM (BMeV) &
HBUTHEREICEWV. ZhiEh-1 ZILETED B RN
EWSEEBTERIN. LL{RIFTANSNTWS, LML
COMEEBEENICRIE U RRIIEETH D, 2T
AR CTEPEFOEENHZERANETSET &
EORIRZRAY 5,

AR TIIRERFZANTEHET 2T MNUFEF. FIC
PHEFOEENHEZEFHBEFNBEEFrRILNS
BT SIETAES %, oPEFIIBFE—LERTF
IENICIBE T 5 ETERT 2N RARFICEFBE
DERERELGITETFEFIREICERSN. &H
BICAFTIT 2, PERLGBEDHZAT T ZcHICF. K
EOHETHFHFOPISBEFHEFEZRMENDER

MEEKS : BE K Koki KANNO
ZARRE | CRINERSBRZHR 57—
FREFRIZEMRE
(FFER ZF #E)
RECTRAETDUENDH D, ZDledHlc. HEgREL TN
NAY 7S04 REHBEMENZ2BETFRERARF L
VATRHBRORREEED TE .,

AEEE EELTICARIMNOXA—=FT —ITA VR
N—JLUT=E#/\ROY T 54 Y Rig R RO MR Z ST L
foo REEETHERIZEBFE—LEBVWT, AEBEERAKED
KHETAIYY VT EITofc, HMRT —YRITIEIR
HEHHELWTWED, FRELL/A\ROY T S4 Y RigHEN
AHEBEFIINULTI 1 1EOREFEREL. AHBETF
EREDNERTRETETWSZEN D 5Tz, FTRER
BEBICL>THEBR SN CHERTORME/N\ROY
T4V RREBOESREMBOREN. BESEF
BETHBIEDDD olce SHRIF2023FEICFELTW
ZYET —IEREICHE T TREROBEBETS,

@:% %X Publications

(FREFHS

1.Satomi Nakasuga et al., : “Commissioning of
the electron identification system for Dilepton

measurement in pA collisions at J-PARC”, Nucl.
Instrum. MethodsA 1041 (2022) 167335






FBER AR e E

2019 FERHA






XIX-001 SPECTRAL ANALYSIS, ANALYTIC NUMBER THEORY, AND
APPLICATIONS TO MACHINE LEARNING

Name: Eren Mehmet KIRAL

Host Laboratory . Mathematical Science Team

In classical machine learning, one constructs a
loss function from the data and the model, and
tries to find an optimal value 6% which minimizes
the loss function. The classical approach suffers
from robustness issues and even though has
yielded impressive results, is difficult to analyze
mathematically. The Bayesian approach to machine
learning on the other hand tries to find a distribution
q(0) on the parameters such that minimizing the
expectation of the loss is is balanced with maximizing
the entropy of the distribution. The introduction of
mathematical objects such as the entropy functional
and the space of probability distributions gives a
much richer structure to play with. Working with
members of the Approximate Bayesian Inference team
from AIP, I developed a learning rule which updates
distributions on parameters of a machine learning
model. The Bayesian problem is distinct from the
classical learning problem.

The team leader Emtiyaz Khan had already developed
a learning rule for distributions given by exponential
families. This work used the exponential family
parameters heavily, the updates could end up
producing inadmissible parameters (and would
have to be projected back) and the calculation of the
gradient only feasible in special cases. However apart
from these drawbacks was able to recover many of
the popular and well functioning learning techniques
used in the machine learning field.

In our work we have focused on candidate probability
distributions which are parametrized by the action

Generic Technology Research Group
RIKEN Center for Advanced Intelligence Project

Laboratory Head @ Kenichi BANNAI

of a Lie group. Lie groups are mathematical objects
that had prominence in both analytic number theory
and theoretical physics. Then our learning updates
are given using structures on the group such as the
group operation and the exponential map of the
group. Specializing the result to certain groups we
obtain novel learning rules which have different and
hopefully more human-explainable behaviors than
classical ones.

On the side of analytic number theory I am working
on writing Voronoi formula for SL(3) modular
forms with a view towards converse theorems. This
combines my two previous works on generalized
Voronoi formula and SL(3) Kloosterman sums.

@ Publications

Papers

1.Kiral, Eren Mehmet & Nakasuji, Maki, “Parametrization
of Kloosterman sets and SL(3) Kloosterman sums.”
Advances in Mathematics, Vol. 403, 2022, pp108392,

@ Oral Presentations

Conferences

1.0ur submission has been accepted to be presented at
AISTATS 2023 in April.

@ Poster Presentations

Conferences

1.Kiral, Eren Mehmet poster presentation at Young
Mathematicians Challenge March 14, 2023 &HF %

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

SETIT 4000BU LOKBRAZENER TN TL
ZhN. BEPEESENEROREF IR CRBERE S
H5DHEV, T TRAREZLBNICRIATE5ER
DEENKRHENTND, ZThiTlE, REFEERIERIDE
RERERAE (LR AR ofssElrz, BRe
BAOHMENSHEEITZENDRETH D, ZDFTHERAR
BRBELOZORIEBEORKRET Y RO—TICEWT,
HOZIEUHELEDFORBAHRER/ —F1V (B
EYR) ONBZMDIEIE, MEE - REFBBE®.
IR EDKOBEYORFREERT D L TEETH D,

(W31 RIBERE&ABOEEE E7I)LEEHR)
RERDOEIAFTES DI (Notsu et al. 2016, 2017,
2018, 2019) #HrRL. R/ —F1 VAIBEPD FHED
O ZERDCEEEMNELT A% - ToRO—TD
TANEL (B - BIE - 58T) - RIDEDXEZE - X
RIUV G REIC LD ELIBRERBUCETILEEE
HEHTWND, ZUTRENICFRRERED SHEBURA
FTOYBBEL B EDHEELELTLTRSTE
TIEBERIZIEZHIBLTWS, AFFRESIF2021
FEXTICRBEECRERBEICEBUCETILETED
ARz ¥ ANRERE. RO XEKUV BEHICK
BIERIGFEZRND ANl b ZERIGRY hT—
VHEETIVDEBEERBEDHEEED I, TeFNED
HBRZHEICPOFRBED XERFENAFHOIYRO—
TIEBFBIEFEICEZDEEICOWTERLICTRD
BHRNETEHT, (Notsu et al. 2021, A&A, 650,
A180) ChSDETERFBRICSIESHE. 2022FEIFE(IC
AEEIAMRICEB LY ANELOFERBHEDON T
BEZERUCABCFEEEDRER - STEZEDT
Ffo. RIAXERABROCEEEDERIE, RBRE-
BREXRKEHA - KBERNINKE (B2 - NKE) 80 -
BREOKRZHBINI 2 L TEEETH D, (e.g., Notsu
et al. 2020, MNRAS, 499, 2229) ZZ THEFEDHE
EETHIESTE (e.g., Ueda et al. 2019) k&, ¥ X
ROEIEARICEET 2EENFET BHEE. FDOED
SOMHANESNZETEEENT A S . ARAMAIE
BICE W THERRBEENER SN D AEEENRE S

HREKS © BE KX Shota NOTSU
RAMRE : FRAERAS
RHAE - RETHARE
(FFER IRH mx)
nTW\3d, Ohno & Ueda (2021) (. H,OR /=51
FHETOY ANBERICHESFEE (BRER) OFED.
BRUEVEICEOAERRJOEMBEZSEHHAEALS
5EZRUlc, UDLZDRXTREEZEDFOMEKZE
EUR LT ZNZThORKE - REOHZERUICEH
BIEZETILEZRABLTED, ABEEROFERALE
& IFRICHSHTIFIRVMRIE TH > T

FITHRRESITESBREZEDTELHR - FANME
FRIGEY NIV EETIVERWC LT, SR
DT TauriMBOREBOFMB L ZBETEZITL.
FENTFOMBPRER-BRITHEMEML (C/Ot) 0%
bR EZRANc, 2D TCHEBERATOEKD FRETE
ICRBEN G R D EY. BHEE - MHLZEMBED
SR I 2 REEDERGEHED T, INSDE
BiER - Bz ReoHricEsmmXZ The Astrophysical
Journal IR, BEHZER T2022F9R8 ICHRAHT
%%, (Notsu et al. 2022, ApJ, 936, 188)

e, RBRERAEDILZEBEMRDOABZXEHIH
REMRALEOHE - KL, IE5DELEIFRXA
B 7Z2bAT7IAM—RHEDELEDND—DELT2022
FARFICBE SN,

(MF2: RIRERE & MBDLZEE BAMFR)

(AR TEROBARETILGIEMROBERDBED L.
FBROIRHAREERS EHHURKRERED CO, H,0
R/ =AM UBPEMGEE D FHERERSEZEN
EUIEALMAEERE D FIERBAIDRRZ1To1c. £
DREBARELIEEZR TR, ALMAEERICLD
BRANRITSN, RET — T8I - MXAEEEDT
W2, 2D, RHFMEERHN Co-PlzHh 25 ALMA K
BER 7OV MFAUST ICHSINURBREREDOH
BOCFEIET — 5 DERTICED AT (2023F153R
£ BERXHUED) FD RRRZRNZERDZE
ShEBBOUFDILAIMEBREEEFEZRAVTORR
EXFONFEREANICOIMDBORE, BiRmERAD
BAREBZ B RT —< DFRRICHERAYICEDE
AT,



ZOM. RBREXRE - REAXERABOD FERES
BI(HOEIRIRE) DA T YVRBREEVWSEADN S,
BHORNR - BIK L= 5 K& B (GREX-PLUS,
ngVLA, LST, TMT#R &) OERICHEESMLTL
%o 20224 (CIFLST(REBY 7 I UK LR E) OHAE
YA TV AEEOFHERECZE(FPANOTIAN—)
D—BELT, RIBREREFOD FERENT AT VXD
EOHREEBY LU GREQRMICHIT#EE) , GREX-
PLUSBRAIME L - MERFEREAIZIY > 3Y) [LDWT
FRIEIRET A N—E LT2021EN S ARKICS LT
D, 2022FICIFHBIRVA TV RT VI DREZIT>
72(2023%F1 BIRTE. ARICHE T EEH).

@t LK Publications
(BEHR)

1.Notsu, S., Ohno, K., Ueda, T., Walsh, C., Eistrup,
C., Nomura, H., “The Molecular Composition of
Shadowed Proto-solar Disk Midplanes Beyond the
Water Snowline”, The Astrophysical Journal, 936,
188 (2022)

2.HFEAX, EEERRETI ONO—TEMABO{LZ
AL H,0 2/ —=F 1 Y ERDEXIRBE", RXAR,
vol. 115, No.4, p.252-262 (2022548 %)

@[5EH X Oral Presentations

1.Shota Notsu, “The Molecular Composition of
Shadowed Proto-solar Disk Midplanes Beyond the
Water Snowline”, A half century of millimeter and
submillimeter astronomy: Impact on astronomy/
astrophysics and the future, Miyakojima Mirai
Souzou Center & City Hall of Miyakojima City,
Miyakojima, Okinawa, Japan, December 15-18th
(2022)

2.Shota Notsu, “X-ray-induced chemistry of water
and related molecules in protostellar envelopes and
disks”, Molecules in Extreme Environments: Near
and Far, Mitaka Campus, National Astronomical
Observatory of Japan (NAOJ), Tokyo, Japan,
November 23-25th (2022)

3.5, K OPERNE - ERNMRFEHEE
JEOTID IR RIARE R - Eﬁxﬁi"ﬂ"fljl
2040 F DA~ Z?E)'C—?—Eﬁnr, B2EEXF R
F /¢ ESHARE, 118140 -158 (20224)

4. 52K HORX/—F( VEURICHBEZR DR
MRERABOFMARE, BHHE, SHE7 X
A\ AOY—2022 AR, FRKRFE SHAERZEHR

t>%— 118108 -11H(2022%)

5.Shota Notsu, “Chemical layered structures in the
NGC1333-IRAS 4C disk”, FAUST plenary meeting
at IPAG, Institut de Planétologie et d’Astrophysique
de Grenoble (IPAG), Université Grenoble Alpes,
Grenoble, France, September 27-29th (2022)

6. B EAKN, BNETF, F LB,  RIERIRAMERE
2 GREX-PLUS B0 RBRERAB YT
A7, BARERZER2022FUEHEHER, REDKX
BRIy RETE Y3y, 0G-06, 1 - EOYT - ¥
T 2B (RBEKE) + A1 (17 Uy RE
f#) , 98208 -22H(2022%)

7.EREAR, K/NEIEE, IRHEE, KFIHR, B)IHhE,
BNEF, ‘ALMA 5 FEREA TESEEE Class 0
R 2 XA TRAS15398-3359 D FH#& H,0, CO, R/ —
ZA4Y7, BARXER 202ENFER, B - REFR
(2K v 3>, Pli8a, FRAZEA+EF v~
IR + AV SV (T Uy REEE) , 98138 -15H
(2022%F)

8. BN, “HAKE KT D C/N/O/S TR PRI
% F‘H%{b?c‘:o)ﬁéi_+§ﬁ:ﬁﬂ—]“‘“'lé”, RNZERTIHA

= 2022, HBREAET KEERLIE ZEHNR—
)b 8H22H -25H(20224)

9.BFEMN, KBMIE, EHEX, BNEF, Catherlne
Walsh, Christian Eistrup, “H,O X ./ — 21 Y LUE
EEEER ORAXRERDROKTEERLZE i“,
Z:iﬂzﬂzj BEES (JpGU) 2022F k=, Eyyay:

BHICEITMEDT R EEL, %Eﬁx\/t, 5H22H
-27E (2022%F)

@/RR5—%3k Poster Presentations

LEEAX, ‘HOR/—F A VLLRICEEEZR DR
IMRERMBOFMEFAEIE, $350 BRBD VR
IL 2022 TEHRANE - FEYBEFOLND 1 &5
BRABFERICAIT T, AZvEAUE, 12A21H-238
(2022%)

2.Shota Notsu, “The Molecular Composition of
Shadowed Proto-solar Disk Midplanes Beyond the
Water Snowline”, Symposium on Next Generation
Astrochemistry, Koshiba Hall, Hongo Campus,
University of Tokyo, Tokyo, Japan, November 29th-
December 2nd (2022)

3.EEAK, REMIE, EHSR, HNEF, Catherine
Walsh, Christian Eistrup, “H,0 X /—Z 1 Y LDURIC

e ORKBXRERMABOREAFESIL B

13‘%3% 2R & BEEE - HA{LEHERBKTT ", BARR
EMFR2022FUFHER, PA-29, V- £OYT - ¥
TARE(RBEKFET) + AV ST VYRR
&) , 9A20H -22H (20225F)
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Exploring star, protoplanetary disk, and planet system formation with

radiation multi-hydrodynamics simulations

RARSEEROER L EDOBEEZLANICEHS
MCT B EEBNET B, HF. FILVERFRE
DERREERFEDEFRICKD. MRERICHDIHE
ROFMABENBRANICHS MR >TETWS,
ZOERBEOHRICIE, CNETOERENKELRETIL
EHEBNBVWHDHZHH, RERELETILOD
7y FIT—RhDEI N B,

SEEOMRTIF. XEREWSFETEENICE
CHOYMBRRICEREY TRIARET > oo KEHLE
FEREDEN - XIEHRICLDZDOABICH D HA
NINASNERITDZIEKOD I EZET, flziE XE
ROBRETH DFRARERABIFRAZITENS
AMEBTHZIH, KERICID AR EDN D ERE
DESBERAAKBEIEERNA N Y UL TULE S,
Fie. EOBRETHZ2AFEICOVWTHABICSER
DENDHNIECOXRRICBINLEEF B EFEER
U. EERICEDN D E TR T HRADEET %, &
D& Dlc. REKRBREOEAFELPEEZHIEIT S
e, RXFHICEERBRRERTH D, £l FHOBEF
DMWSIREFXRT, REBRAT—ILHASNIBEIT =)L
DRFEZTEBNICERI ZIRRTH B 6. KXFEMW
ICRERWV,

ULHULABNS, ZOBRRICOVWTOERNSIER L
FREERICIFBRINTWERW, fIZIE, AR MBS
NIERKIC—EBIFERKICLEDRET 20 EICHEVEE
BREBBAINBWEDTIEARDNRET 2 ENTER

Wo TDZEFEMNBEBRIIBBLEN. EENRE
RIFB/ONTRSITENRENS ORFEHEISRLA
S5NTWERWN, FICBAMNICAEXRRERRE T DRI
DESBRABIFEELBD L RENEZTERL
PIWHNEWSHEICHEADZ . ERERBIBE

AREKSL © 8 ETF Ryohei NAKATANI
RAMRE : FHRFFRAE
RHE - REEHHARE
(FRER IkH BEx)
ZRPYT 5 L THERDOER T EEN
3BHTEETH B,
COMBICEEENS A BAIFHERKOER%E
BRIZLETOLAEEBRIEREZRIEBL . BITHA
ETIBEEBEYI 2 L—Yavick2BRiEETS
FiEZRAWHEZITUV, 583X % The Astrophysical
Journal IC TR UTze Fio. EICH S FIEHR/RT —
IWORKICE L TRKOMAZ, Bt - ELFE%ZE
BUBNSEBL, ZNEFNICDVWTEN ZEHRU .
BICHIOMIIRIAR T, ERERICBRUCERKE
BNSHFEREENTIMEEIOI T/ MCHE
mu. AlZAWT—% @iTE8bY — /L& BT
FEUlco INETFHTT —IBRTLTWIBAEICH
NT, ARMFENT0-100MF 1278 > feo

$it

ICIBEd 2 &

@5 L3 Publications

(REFHX)

1.0hno Y., Oyama T., Tamanai A., Shaoshan Z.,
Watanabe Y., Nakatani R., Sakai T., and Sakai N.

“Laboratory Measurement of Millimeter-wave

Transitions of "CH,DOH for Astronomical Use”, The
Astrophysical Journal, 932, 101 (2022)*

2.Mitani H., Nakatani R., and Yoshida N. :“Stellar
wind effect on the atmospheric escape of hot Jupiters
and their Ly a and H « transits”, the Monthly of the
Royal Astronomical Society, 512, 855 (2022)*

3.Nakatani R., Takasao S. :
Photoevaporation Base: Linking the Property of the

“Anatomy of

Launched Wind to Irradiation Flux”, the Astrophysical
Journal, 930, 124 (2022)*

4.Komaki A., Nakatani R., Kuiper R., and Yoshida
N. :“The effect of ultra-violet photon pumping of
H, in dust-deficient protoplanetary disks”, the
Astrophysical Journal, arXiv:2202.02804, submitted.
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One-dimensional electron systems with strong spin-orbit interaction and

the superconducting junctions

BEFHEEERZE I D IRATBTFRIB 7 T ILIRME
TEBRLCEAXRT Y T4 I v —RIE (TLL) EFEN D
REERDZZENAENTWVWD, TLLIFEFRD A%
S5YHEEZRHDOIRTEFRICH U TEBNICERAT
BERHGRESZ2DDTHDIH. ZDRMEDER L
BERERZR D,

KMEHABE TR BOWAEVHEREEREZET 3
INAs EFHIR TOTLLOIRZ BEWZ EBRNICRET S
ZET BWAEYVEEEEERZ RO TLLOR %
RATZ e EBIET. AEVEEREERANTLLIC
BOWTEETHZI2ONESHEERTZIET. 5%
DTLLICET 2B, AEVHEREERBICET %Y
BAE#Y %,

E5lc, BWEFHMEAEERAZE IS TLL AL
GEROERICEWVWT. BEEERFD Y — /- &
B 22BOEFNZADTLLANEDNEEST S0 —/—
WABMBEROBHZITW., CORTEBWICEREIN
TWREREIS TCONIATFTRNFORRE ZDEMZIT
S5, ¥NIATFRFOERITICIE. ¥+ EOBERDATE%:
FELTWS, ZOREAVWDZET BREXTICE
BRAICREE S N TELBIBEIMIC L 2 B8/ EF
HIRERICE > TR DI BEEIS TONYI T FH
FOEBRHELZRILET 2,

AEEEHSSIC. EEERICEShTWdE—L
Y RNEBICHRT 2BEEY M A—RWR KLUR
BYIEITYUHRICOWVWT, BREOERET—F
DEBEEZEEULCERZTo . JE—L Y M
GLIEI2OY a7V VEATIEH. —ADESER
n3yatE7VY YERND S —ADMEEICHKEFHE
TR, D, AET 2EHE L FROESZBE
B)L-7OFICANT, AEKRS TCHEEZHIHT S
REETOHN. TOBRIC/INA 7 ABRE BLEEEBRD
RHOAVI I VAL DESNBHEROEEZER
TEIRENH D, CNZEEMNICTHET 272 DEER
TV BIFICEWTA VIO 5V 2 2ERBULFE
IKEBLEC R BONDBEROBENA LTS
Ehbholc, Fle. BENTW YA A— KRR &

REKS - WE H% Sadashige MATSUO
ZARRE : BIRYERZHR LYY —
ETHEEYRTLARRITIL—T
(FFER 183 BB
KUVBEYI TV VYHMRNA VT I IV RICHKT
Ztrivial b DT, Je—L Y MERICHEKL
D THBD I ENRIEICR Tz, Fhee T—F DS
Em VN FlAT — MEEZBEEY 1A —
KRR BLUEEYa w7V VyNRICEL THEY
3 ENTBEE TR o T,

@:5 EHF X Publications
(FEFR)

1.Sadashige Matsuo, Joon Sue Lee, Chien-Yuan Chang,
Yosuke Sato, Kento Ueda, Christopher J. Palmstrom,
Seigo Tarucha, "Observation of nonlocal Josephson
effect on double InAs naonwires", Communications
Physics accepted

2.Kento Ueda, Yosuke Sato, Yuusuke Takeshige,
Hiroshi Kamata, Kan Li, Lars Samuelson, Hongqi
Xu, Sadashige Matsuo, Seigo Tarucha, "Quasiparticle
trapping at vortices producing Josephson
supercurrent enhancement”, Phys. Rev. Lett. 128,
207001 (2022) selected as Editors’ Suggestion

3.Kazuyuki Kuroyama, Sadashige Matsuo, Jo
Muramoto, Shunsuke Yabunaka, Sasha R. Valentin,
Arne Ludwig, Andreas D. Wieck, Yasuhiro
Tokura, Seigo Tarucha, "Real-time observation
of charge-spin cooperative dynamics driven by a
nonequilibrium phonon environment", Phys. Rev.
Lett. accepted and selected as Editors’ Suggestion

O@[5EF K Oral Presentations

1.Sadashige Matsuo, Takaya Imoto, Tomohiro
Yokoyama, Yosuke Sato, Tyler Lindemann, Sergei
Gronin, Geoffrey Gardner, Michael Manfra, Seigo
Tarucha, "Josephson diode effect emergent from a
coherent coupling of two Josephson junctions", The
24th International Conference on High Magnetic
Fields in Semiconductor Physics (HMF-24), online,
July 5, 2022

2.(Invited) MESX. “BLEZGICEIZYITTE
AE—RYEORRK” F10EIDSEFHHEY O #
BR TEEAR—IXEFT/\ A ADBREREEE,, ¥
B R AR A WPI-MANASR(H TV )
IBEA—T ¢ RU L, 2022568178

3.(Invited) IME&EX. "7 L —IZI7H3FHMEODHT



FEBAY a7V R BeRILAYEFZERUEZ
M#ER. FILUERAZBEERT v /VR 202243
A23H

4. FARNE B, WEH X, Aranya Goswami, Connor
Dempsey, Mihir Pendharkar, Joon Sue Lee,
Christopher Palmstrom, #E 5. BIRMBER AR E
TEF/MRERNZBLEEROBXAGE B A

MBERETTERIFERKES, AV T4, 20225F3H15
H

S5.EBEN, THEAN, REFH, SHKX, K Li L.
Samuelson, H.Q. Xu, TAE &%, BFBFE. "HED
ERNTFRIVAICLDInAsHlIIRY 3 7V VERICE
|32RBEEERDIER" HAYMEZSFE77OFERK
=2, AT 202253815H

XIX-005 Zu~F UGB - SRS EBEO I 7 a Bz T

Biophysics of chromatin remodeling: toward microscopic understanding of cell differentiation

Z< OEMIREY TIE. B—OZREIIN S HaMb
IC& > THRABEEIE > IcfilanNE £ N2, Thid.
FZIEFE—DDNADHMN S ZNZENOMEEICKEL
BT IRIRNICRIEIN2BENH 2 2 & 2B
LTW3, BEDY—T VY VY - BEHERINTOES
IE& D XU LAY —LDRE/INY —>DE(LE
FEICHBLTRIZ7OYFUBEELN. 2D &
SRERBEICECEL> TWS I ENBES N ERS
TETW5,

ZD &S BLREHI/INY — > DEBWVWIC L BEEDE
btEEDLSICEBETEDZNE WSHBEICIDED 2
O, E AN VEMEHOMN/NY—VESDRVWIOXF
VERNLATY THICBEBRT 2FEEZRAREL TV
%, BEEMICIE. EX MY VRO BENERICDNASH
EEEIDIFEBICEST ST &T E X N VEBEIES
DIRT—=>%12X 7 LAY — L (12mer) B THlfH
LizRW (96mer) 7 OXF VA BERT 2F 5%
EZRL, BIEEE T ZONIILERL LIz, 207
AXFUHEICDOWT BEEY Y OYF V#iE % i
TEHEEZLONTWRYVINVEDEEEICLSHE
BEZ L E—NDTFERITLZIEEBIELTERREED T
W3,

AEERFIC. 2E2RFBEMEZAWV —2F8
RIDWT, EROBINZTS> & EHICHEREOMR L
ZEELUTCEHREZITV. SEIERTEFILEE
/Y —>ZEDEBRI AN F Y OBEREIT> I,
Fle. BEFEABEBEZBW—DFEEPXFILE
AN YZAWCREIOYF Y OBER - HEK

R E KRS © FH FfG  Yohsuke FUKAI

RAMRE | EotkeEREMRtEY 7 —
EAIEREYEE BN BREF— LA
(FFER NNlO&&

{LETIDOREGEZTV, wmX{bZzBiEL TifR%Z
ST,

Iolc, HENAZ 7O0—F & LT, MERMNAMEE
HL-60% FA WL\ T, SEilifgEdn OREDHERMICHE
3EEZSNDZEETHMEBREEZERRL. HIgEDD
REICEDLBIRAFZHESMNMILELSELTWS, S5
345 IC— R mRNA-seq DRI ETS> & &
IZ. BEETZY 7Tz 7 ORMITIEN U, FITLI
BE{tERAWCESRBIEDY 7 b 1 7 BaSiCPy OF
HKEFEBL, BRSBICTRERZT> o, £o. AR
EBITICAWSIHICHARELULONI NIRFRNZ Y
F> Y T Uz 7 LapTrack I D W TEITREE % 1T
W R ZEREL TRIEL .

@5 LK Publications
GCES:00)
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Development of a Fluorescent DNA Replication Reporter and Its Application to Genome-Wide

Screening of Hi-C Nuclear Compartment Regulators
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Development of the high-speed super-resolution optical microscope system and mathematical

analysis of the membrane traffic dynamics of a budding yeast based on high precision

measurements using that system
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Functional Analysis of Predictive Coding Circuits for Decision-Making in Zebrafish
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XIX-009 = Global and Quantitative Analysis of Neuronal RNA Granules

Name : Marek Konrad KRZYZANOWSKI

Host Laboratory : Laboratory for Protein Conformation Diseases

Translation of mRNA into proteins is the final step
in the expression of protein-coding genes and it is
increasingly clear that dynamic regulation of mRNA
translation is crucial for normal brain function.
In neuronal cells, delivery of specific mRNAs to
dendrites for local translation is important for spine
development as well as modulation of synaptic
strength and consequently underlies higher brain
functions such as learning, memory and emotions.
Delivery of mRNAs to the dendrites occurs in the
form of RNA transport granules, which contain
ribosomes, translation factors and RNA-binding
proteins. However, despite the potential significance
of RNA granules for higher brain functions the
mechanisms governing assembly and regulating
neuronal RNA granules are unclear. Moreover, there
is currently no single published method to isolate
them from a variety of sources, such as brain or
cultured primary cells, to follow their dynamics or
disease-mediated changes in a global and quantitative
way.

In earlier stages of this project I performed screening
for protein enriched in RNA granules, which

RIKEN Center for Brain Science
Laboratory Head . Motomasa TANAKA

unexpectedly included several proteins involved
in translation initiation. In the final part of this
project I focused on investigating deregulated
translation initiation in neuro-psychiatric disease
model mice. To this end I developed methodology to
purify pre-initiation complexes from mouse brain.
One variant of the method involved separation of
40S small ribosomal subunit on two subsequent
sucrose gradients, showing good exclusion of the
60S ribosomal subunit and presence of translation
initiation factors. In the second variant I performed
immunoprecipitation of eIF3 component. Western
blotting showed enrichment of various initiation
factors and 40S ribosomal proteins, again excluding
the 60S ribosomal subunit. This suggested that
purification of the pre-initiation complexes was
successful. Next, the obtained complexes were
subjected to relative quantification mass-spectrometry
analysis, which confirmed enrichment of 40S
ribosomal proteins and translation initiation factors.
Among the results I found several proteins to be
deregulated in the mutant mice, which are promising
candidates for a follow-up study.
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Name: Nur Zeynep GUNGOR

Host Laboratory : Laboratory for the Neural Circuitry of

Relief is a state that arises when an aversive experience
ends. We observed that one function of relief is to
produce learning about the environmental stimuli
which are associated with safety to facilitate future
harm-reducing behaviors. We also observed that relief
can buffer the impact of negative experiences and
provide a state for emotional recuperation. As such, we
propose that relief is a critical built-in mechanism to
increase the chances of survival and help animals cope
with a dangerous environment. Central amygdala is
a brain area involved in fear learning and expression,
and contains a moderate number of enkephalin (ENK)
expressing cells. Our preliminary data show that the
enkephalin cells in central amygdala (CeA-ENK)
play a critical role in mediating functions of relief
described above.

We hypothesized that CeA-ENK cells could be
important in learning about the environmental stimuli
which are associated with safety. Thus we developed
a platform relief learning task where the animal is
rescued from the hot-plate by a platform (rescuer
platform). In control mice, this experience increased
mice’s preference to rescuer platform compared to a
familiar other platform. Interestingly, we observed
that when the CeA-ENK cells are inhibited, this
preference is abolished. We also hypothesized that
CeA-ENK mediated relief could be important in
buffering the negative impact of aversive experiences
and mediate both short and long-term recuperation.
In the short term recuperation task, the animals
were exposed to tail suspension stress and then put
into their home-cage for 20 minutes before receiving
anxiety tests. While the stressed animals with normal
CeA-ENK functioning recuperated well from tail
suspension with the home-cage recovery period, CeA-
ENK inhibited animals showed increased anxiety-like
behaviors. Similarly, in the long term recuperation

Learnin and Memory
RIKEN Center for Brain Science

Laboratory Head : Patrick JOHANSEN

experiments, we observed if CeA-ENK was inhibited
during a highly aversive hot plate exposure test, 10
days later animals exhibited high associative fear
memory. Furthermore, their memories were more
resistant to extinguishing when these memories no
longer signaled threat, compared to control animals.
By selectively expressing calcium indicators in the
pENK-cre-knock-in mice line and using a miniature
microscope mounted to animal’s head, the activity of
CeA-ENK cells was imaged in vivo. When the animal
received electrical foot-shocks, a strong sustained
activity outlasting the foot-shock exposure was
observed. We also found that separate subpopulations
of CeA-ENK cells were active during aversive hot-
plate exposure and afterwards, when animals are
recuperating from the hot-plate. Similarly, we
observed separate active subpopulations during
aversive tail-suspension and home-cage recuperation.
Event-triggered single cell analysis showed that some
CeA-ENK cells get activated during recuperative
behaviors such as grooming. Also, some cells are
activated by consumption of rewarding food such as
chocolate. We will conduct further work to reveal the
network dynamics and their relationship to behavior
during stress and home-cage periods.

Overall, our results suggest that CeA-ENK mediated
relief signaling is important in learning about
the stimuli associated with the ending of aversive
experiences and recuperation from negative
experiences.

@ Oral Presentations
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1.Recuperation as an active state. Cajal Quantitative
Behavioral Analysis Workshop. Champalimaud
Center for the Unknown, Lisbon, Portugal. May
2022.
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Understanding the mechanism of intergenerational inheritance of metabolic disorders via

the oocyte epigenome and placenta
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MICROCIRCUITS USING

EXPERIMENTAL AND COMPUTATIONAL APPROACHES

Name: Vladislav SEKULIC
Host Laboratory . Laboratory for Circuit and Behavioral Physiology

Project 1 - Dissecting the contribution of inhibitory
interneurons to memory engram formation

A prominent experimental research question in
neuroscience is to study how ensembles of active
neurons in the hippocampus that are causally linked
to memory expression and recall - so called “engram”
cells — are formed during active mnemonic processing
during behaviour. This involves studying the link
between cellular activities during engram formation
and behavioural states, as well as linking how those
activities emerge from microcircuit dynamics. One
of the most important contributors to microcircuit
dynamics in the brain are inhibitory interneurons.
Although they comprise only 10% of the total number
of neurons, they are incredibly varied in terms of axonal
targets, neurochemical markers, and physiological
properties including firing patterns during endogenous
network rhythms. As such, they play a fundamental
role in determining the output activity of the principal
excitatory cell population that performs information
coding in the brain. Interneurons dictate when, and
which populations, of excitatory cells can integrate
input streams and produce outputs and hence can
dictate the flow of information downstream from the
circuit.

One prominent type of interneuron in the hippocampal
CA1 area is the oriens-lacunousm/moleculare (O-LM)
cell that receives primarily local excitatory input from
principal pyramidal neurons and, in turn, projects to
the distal dendrites of the principal cell population,
thus forming a classic feedback inhibitory loop.
However, a recently discovered dis-inhibitory pathway
involving O-LM cells shows that they also inhibit
another inhibitory cell type, the Schaffer collateral-
associated (SCA) interneuron. Thus, O-LM cells seem
to be able to simultaneously inhibit the distal principal
cell dendrites where sensory inputs arrive, as well
as disinhibiting the more proximal dendrites where
contextual information arrives. Since these two input
streams are required to be simultaneously active in
order to induce burst firing and novel plasticity in CA1l
pyramidal cells, the question of how these two circuit
pathways for O-LM cells interact and affect memory
formation in a behaving animal in vivo.

RIKEN Center for Brain Science
Laboratory Head : Thomas John MCHUGH

To answer this question, I expressed a fluorescent
calcium indicator, GCaMPé6f, in the hippocampal CA1
region of SST-Cre mice, which allows for targeting of
genetically defined populations of dendrite-targeting
interneurons containing primarily O-LM cells. I
also transfected SST cells in CA1 with chemogenetic
receptors (DREADDs) that allow on-demand activation
or suppression of O-LM cells when injecting the
clozapine-N-oxide (CNO) agonist intraperitoneally in
mice prior to behavioural activity for novel memory
formation. I also implanted gradient-index (GRIN)
lenses above the CAl region and used miniature
endoscope cameras (UCLA Miniscope) to record the
output activity of pyramidal cells in real time, in vivo,
during memory encoding and retrieval after DREADD
activation or suppression of SST-Cre (O-LM) cells. I
found that, surprisingly, upon activation of O-LM cells,
pyramidal cell activity was increased; conversely, with
inhibition of O-LM cells, pyramidal cell activity was
drastically reduced. Incidentally, studies have shown
that O-LM cell death upon early Alzheimer’s disease
is correlated with reduced memory expression. These
results were also seen in another group of mice that
had a virally delivered c-fos activity marker (immediate
early marker of plasticity) expressed in CA1 pyramidal
cells, with elevated c-fos expression in mice with
activation of O-LM cells, and almost completely
abolished c-fos expression in mice with O-LM cell
inhibition. The directionality of behaviour followed the
anatomy and physiology results, with mice exhibiting
increased freezing upon O-LM cell activation, and
decreased freezing (an indicator of impaired memory)
upon O-LM cell inhibition.

Thus, it seems that in vivo, the disinhibitory pathway
of O-LM~»>SCA~>Pyramidal cells is more dominant in
skewing the balance of input to contextual coding from
CA3 onto proximal CAl pyramidal cell dendrites.
However, further work is required to causally test the
disinhibitory pathway of O-LM to SCA interneurons.
For the remainder of FY2022, I am injecting mice
with a plasticity-dependent synaptic tracing technique
called dual-eGRASP that will allow for testing of
whether the ensuing changes in synaptic contacts onto
CA1 pyramidal cells after O-LM cell manipulation,
e.g., activation, results in increased synaptic boutons



along the proximal dendrites. This, and future work
along these lines, may help us more deeply understand
how engrams are formed in the hippocampus. Since
O-LM cells are preferentially impaired during onset
of Alzheimer’s disease, determining precisely how
hippocampal circuits are affected by these changes can
help us develop novel treatments for alleviating the
symptoms or slowing the progression of the disease.

Project 2 - Elucidating mechanisms of rapid memory
formation in the brain using computational modeling

The ability of the brain to learn rapid representations
of the environment and enact motor output to ensure
an organism’s survival is an ongoing research topic in
experimental as well as computational neuroscience.
The dominant model used in artificial neural network
approaches consists of simplified, point process
representations of neurons that lack spatial structure
and that often use a rate code to encode information.
These models have nevertheless shown a remarkable
capability to learn complex relationships between
inputs and to generalize their learned representations
to successfully categorize unseen exemplars. However,
a wealth of experimental data from neuroscientific
studies from the past few decades have demonstrated
novel principles of plasticity and learning that have
not been fully explored in the context of large-scale
artificial neural networks. In particular, neurons are
now known to be composed of spatially-extended
dendritic processes containing a range of voltage-
and calcium-gated ion channels endowing them
with a rich repertoire of computational functions.
In typical neocortical or hippocampal pyramidal
neurons, dendritic integration of synaptic inputs is
organized into two electrotonically segregated zones
that, together with the expression of voltage-sensitive
calcium currents in the distal dendritic regions, endow
pyramidal neurons with backpropagation-activated
calcium spike (“BAC”) firing, leading to a burst of
multiple action potentials in the somatic output region.
Burst firing has been shown to be a critical component
of cellular long-term plasticity in vitro (LTP).
Additionally, recent in vivo investigations in mice have
demonstrated induction of place fields in particular
locations on a track after intracellular current injection
in hippocampal neurons, leading to induced dendritic
plateau potentials and burst firing. Remarkably, the
timing of the induced plateau rapidly binds the activity
of a neuron to the specific configuration of sensory
information representing the location of the animal
at the time the burst firing was induced. Indeed,

the conjunction of two different input streams in
the proximal and distal dendritic integration zones,
coupled with dendritic calcium-evoked burst firing, has
been suggested as a general mechanism for association
and learning in cortical and hippocampal networks.
During FY2022 I have worked on a computational
modelling project where I have applied these principles
of BAC firing and plasticity in a computational
neural network model to investigate their effects on
network learning and generalization as traditionally
performed in artificial neural networks. I adapted a
two-compartment leaky integrate-and-fire model of
cortical pyramidal cells with a somatic spike generating
mechanism and dendritic calcium current capable of
exhibiting BAC firing. I tuned the model to find a range
of noisy somatic and dendritic Poisson rate synaptic
inputs able to shift the model between somatic-only
single spike and dendritic calcium-dependent burst
firing regimes. A network of BAC firing neurons was
then constructed in the Brian simulation framework
and applied to a paradigmatic digit recognition task
using the MNIST database of handwritten digits, a
common benchmark in artificial neural networks. The
image intensities of the digits were first transduced
into a “burst code” using an input layer of BAC firing
neurons modified to be more electrotonically compact,
and these inputs were then fed into an association
layer of BAC firing neurons endowed with a spike
timing-dependent plasticity (STDP) learning rule. The
requirement of conjunctive input processing used as
the baseline BAC firing model in the learning layer
introduced novel challenges in network configuration
and input representation. For instance, using standard
spike timing-dependent plasticity (STDP), burst
firing in the information coding network was skewed
towards long-term depression (LTD) due to small
spike leads in the post-synaptic burst, compared to the
presynaptic burst, leading to the negative portion of
the STDP curve dominating even though the bursts
were largely co-incident. I thus used a modified STDP
rule (“skewed STDP”) by scaling up the time constant
of the post-synaptic ordinary differential equation
(ODE) while keeping the pre-synaptic ODE the same.
As a result, the penalty of post-synaptic spike times
preceding pre-synaptic spike times in a burst was
reduced, while preserving appropriate LTD in salient
cases. This allowed the network to encode input digits
in increasingly non-overlapping populations of output
neurons, a key requirement for learning input patterns,
thus performing a traditional artificial neural network
task more efficiently using biologically-realistic
bursting neurons.
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Neural Circuit Basis of Puberty Onset by Leptin Signal
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@%:3 Poster Presentations
1.Goto T., Abe T., Kiyonari H., and Miyamichi
K.: “Dynamics of kisspeptin neuronal activities

in the pubertal female mice under various food
conditions”, Neuro2022, Okinawa, July (2022)
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Single Quantum Source Capable of Manipulating Electron Spin at
Room Temperature Based on Carbon Nanotubes
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@55 _E3 % Publications

(REFHX)

1.D. Kozawa, X. Wu, A. Ishii, J. Fortner, K. Otsuka,
R. Xiang, T. Inoue, S. Maruyama, Y-H. Wang, Y. K.
Kato, “Formation of organic color centers in air-

suspended carbon nanotubes using vapor-phase
reaction,” Nature Commun. 13, 2814 (2022).*

O®[5EH X Oral Presentations

1.D. Kozawa, X. Wu, A. Ishii, J. Fortner, K. Otsuka,
R. Xiang, T. Inoue, S. Maruyama, Y. H. Wang, Y
K. Kato, “Formation of Organic Color Centers in
Air-Suspended Carbon Nanotubes Using Vapor-
Phase Reaction,” JSAP-Optica Joint Symposia, the
83rd JSAP Autumn Meeting 2022, Miyagi, Japan,
September (2022).

2.D. Kozawa, X. Wu, A. Ishii, J. Fortner, K. Otsuka,
R. Xiang, T. Inoue, S. Maruyama, Y. H. Wang, Y. K.
Kato, “Formation of Organic Color Centers in Air-
Suspended Carbon Nanotubes Using Vapor-Phase
Reaction,” 8th Workshop on Nanotube Optics and
Nanospectroscopy (WONTON 2022), Madison,
Wisconsin, USA, July (2022).



XIX-015  Ultrasensitive SERS Microfluidic Chips Fabricated

by Photonic Methods

Name: Shi BAI

Host Laboratory: Advanced Laser Processing Research Team

In FY2022, two studies were carried out: 1) formation
of ultrafast laser induced periodic surface structures
on zinc oxide plate; 2) laser near-field reduction of
gold ions to build up plasmonic structures.

For the ultrafast laser induced periodic surface
structures, the laser processing conditions were
optimized to fabricate homogenous periodic surface
nanostructures on zinc oxide substrate. The strip
array was fabricated by a linearly polarized beam and
dot arrays were fabricated by the elliptically polarized
beam. For the elliptical polarization, it was revealed
that the orientation of dot array was related to the
rotational direction of polarization, resulting in
formation of clockwise or anti-clockwise dot arrays.
Formability of the dot arrays also depended on laser
pulse duration. We compared the dot arrays fabricated
by pulse laser beam with a pulse duration in the range
of 223 to 2000 fs. The dot arrays with a period of 150 -
250 nm were fabricated at 2000 fs using a wavelength
of 515 nm. We further found the laser processing
induced the surface defects (oxygen vacancy) in the
zinc oxide substrate. Due to the increased surface
defects, the property of zinc oxide was modified.
In detail, the induced surface defects were verified
by XPS and Raman spectra. The FWHM of peak
at orientation (002) became broader in XRD and
the intensity of Raman peaks at 576 cm™ increased.
Moreover, the photoluminescence of zinc oxide
showed a blue-shift. The increased oxygen vacancies
also improved the performances of surface-enhanced
Raman scattering (SERS). The SERS substrate was
fabricated by deposition of gold nanoparticles on
the zinc oxide nanodot array using an ion sputter.
We evaluated the SERS performances for different
thickness of gold nanoparticle layer to create a robust
SERS platform.

In this year, we also explored the laser near-field
reduction to fabricate periodic gold nanostructures.
A novel gold precursor, containing chloroauric acid
and trisodium citrate, was developed. The laser
beam irradiation though glass microspheres enabled
focusing the laser beam at the backside of microsphere
to form hollow gold nanostructures due to the
laser reduction of gold ions. We found that adding
molybdenum disulfide quantum dots into the gold
precursor, the reduction rate of gold ions was highly
improved because of photochemical effect.

RIKEN Center for Advanced Photonics
Laboratory Head : Koji SUGIOKA

@ Publications

1.Bai S., Obata K. and Sugioka K.: Femtosecond Laser
Near-Field Reduction for Fabrication of 3D Gold
Nanocluster Array Assisted by MoS2 Quantum
Dots. Frontiers in Physics 2022, 503*

2.Bai S., Hu A., Hu Y., Ma Y., Obata K. and Sugioka
K.: Plasmonic Superstructure Arrays Fabricated by
Laser Near-Field Reduction for Wide-Range SERS
Analysis of Fluorescent Materials. Nanomaterials
2022, 12, 970"

3.Bai§., Ren X., Obata K., Ito Y., Sugioka K.: Label-free
trace detection of bio-molecules by liquid-interface
assisted surface-enhanced Raman scattering using a
microfluidic chip. Opto-Electronic Advances 2022,
210121*

@ Oral Presentations

Conferences

1.Bai S., Obata K. and Sugioka K.: Hybrid
Femtosecond Laser Processing for Fabrication of
Glass Microfluidic SERS Chips for Ultrahighly
Sensitive Sensing. 16th International Conference on
Laser Ablation. Matsue Japan 2022, April 24-29.

2.Bai S., Obata K. and Sugioka K.: 1D and 2D LIPSS
Formation on ZnO Substrates by Polarization
Control of Ultrafast Laser and Applications to
SERS for Trace Detection. The 23rd International
Symposium on Laser Precision Microfabrication.
Dresden Germany 2022, June 7-10.

3.Bai S., Obata K. and Sugioka K.: Comprehensive
Research on LIPSS Formation on ZnO Substrates by
Ultrafast Laser Irradiation. Conference on Lasers
and Eletro-Optics PacificRim. Sapporo Japan 2022,
July 31 - August 6.

4.Bai S., Obata K. and Sugioka K.: Laser Near-Field
Reduction of Metallic Tons for the Fabrication of
Plasmonic Superstructure Array. JSAP Autumn
Meeting. Sendai Japan 2022, September 20-23.

@ Poster Presentations

1. Kawabata S., Obata K., Bai S., Miyaji G. and Sugioka
K.: Novel Surface Nanostructuring of Crystalline
Silicon by GHz Burst Mode Femtosecond Laser
Pulses. 16th International Conference on Laser
Ablation. Matsue Japan 2022, April 24-29.

2.Kawabata S., Obata K., Bai S., Miyaji G. and Sugioka
K.: 2D LIPSS Formed on Crystalline Silicon by



GHz Burst Mode Femtosecond Laser Pulses. The
23rd International Symposium on Laser Precision

Microfabrication. Dresden Germany 2022, June
7-10.

XIX-016  Microfluidic Assisted Synthesis of RNAi-based Cancer Nanomedicine

Name: Hei Man LEUNG

Host Laboratory . Nano Medical Engineering Laboratory

The objective of this research is to develop
microfluidic system for synthesis of RNAi-based drug
delivery systems for cancer therapy. Current research
focused on separate exosome using microfluidic
device and utilize the captured exosomes as drug
carriers. Recent studies show exosomes exhibit great
potential as drug delivery carriers due to their high
biocompatibility, low toxicity and long circulating
lifetime within the body. Microfluidic devices, with
a peptide-modified ZnO nanowire surface and
patterned with pillars inside the microchannels, are

RIKEN Cluster for Pioneering Research
Laboratory Head : Yoshihiro ITO

used to capture exosomes. The purpose of peptides is
to target the surface protein of exosomes. It has been
found that the presence of micropillars increases the
concentration of exosomes captured. It is suggested
that the presence of improves the capture efficiency by
enhanced mixing within the microchannels. Future
study will be on loading the captured exosomes with
small RNA molecule and evaluate its potential as a
drug carrier.
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Analysis of Finite Size Scaling Property of Random Matrix and its Application to High
Dimensional Dependence Graph Edge Filtering Certification
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A Generalization and Refinement of Floer Theory in Gauge Theory
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Z DRI, Aliakbar Daemi, Christopher Scaduto.
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@5 LK Publications
(REHRX)

1. The groups of diffeomorphisms and homeomorphisms
of 4-manifolds with boundary, Hokuto Konno and
Masaki Taniguchi, Advances in Mathematics, 409
(2022)

2.A note on generalized Thurston-Bennequin
inequalities, Nobuo Iida, Hokuto Konno, and Masaki

Taniguchi, International journal of mathematics,
(2022)

3. Filtered instanton Floer homology and the homology
cobordism group, Yuta Nozaki, Kouki Sato and
Masaki Taniguchi, to appear J.Eur. Math. Soc

O®[5EH X Oral Presentations

1. Relative Genus Bounds from Floer K-Theory, MSRI/
SLMath, Gauge Theory (Semi)-Virtual Seminar, 11H22H

2. Intantons, special cycles, and knot concordance II, part
3, /\YRILEXF—,11A8H

3. Intantons, special cycles, and knot concordance II, part
2, \YR)Ltz7F+—, 118 1H

4. Intantons, special cycles, and knot concordance II, part
1, /\>YRILEZ7F—, 10A31H

5.Concordance Invariants from Equivariant Singular
Instanton Theory, MSRI/SLMath, FHT Program
Seminar, 9H21H

6.Singular instanton knot homology and Rasmussen
type invariant, 7 — VI +—, 8A31H, URL

XX-003  Origin of Multiplicity in Low-Mass Star Formation

Name: Nadia Mariel MURILLO MEJIAS

Host Laboratory: Star and Planet Formation Laboratory

During FY2022, I worked on two main research
projects related to the physical structure of protostellar
systems and the factors that dictate multiplicity in star
formation.

The physical structure of protostellar systems is
studied through observations of different molecular
tracers. The distribution of different molecular tracers
depends on temperature, density, and chemical
reactions. One of the key factors in understanding the
dynamics of star and planet formation is the location
where a molecular species undergoes the ice-gas phase
change. This location is termed snowline. A grid of
two-dimensional (cylindrically symmetric) physico-
chemical models were used to study the effect of
physical structure (presence of protoplanetary disk,
outflow, envelope density) on the snowline position of
different molecular species. The models demonstrated
that source luminosity, presence of disk and envelope
density are the key factors in determining snowline
location. The results of these models were published
in a major astrophysical journal (Murillo et al., 2022,
Astronomy & Astrophysics, 665, 68), presented in a
poster with proceeding at an international conference
in Chile (Physics and Chemistry of Star Formation:
The Dynamical ISM Across Time and Spatial Scales),

RIKEN Cluster for Pioneering Research
Laboratory Head : Nami SAKAI

and presented in several university seminar talks.
The grid of models was made publically available, and
has set the base for future collaborations with other
research groups.

Multiplicity is ubiquitous in stellar systems, but
the factors that determine multiplicity are not well
defined. My project focuses on studying the factors
that determine protostellar multiplicity in the low-
mass regime in the Perseus Molecular Cloud. This
project is based on observational data, using both
single dish (Nobeyama 45m Radio Observatory,
APEX) and interferometric (ALMA/ACA, SMA)
data at frequencies between 80 to 370 GHz. The data
enables the measurement and derivation of physical
parameters from molecular cloud to protostellar
disk scales. The amount of data, analysis and results
merits a set of papers to describe the individual
scales. The first of these papers is currently in the final
preparation stages and is expected to be submitted
before the end of the current fiscal year. This paper
describes the gas temperature, spatial distribution
and density in relation to protostellar multiplicity at
molecular cloud scales. The results find a correlation
between amount of mass and multiplicity, but a lack
of correlation between temperature and density.



Additional papers that explore the same parameters at
different scales are under preparation. Analysis of all
the collected data was also started during this fiscal
year. The results of this project have been presented
in talks at two international conferences (Science
with LLAMA, Argentina; Physics and Chemistry of
Star Formation: The Dynamical ISM Across Time
and Spatial Scales, Chile). A brief overview of the full
project is given in a proceeding from the conference
in Chile, and presented at one university seminar.
The broad span of the data provides a good basis
for collaboration, which is the basis for a research
collaboration trip to Taiwan (Dec 2022 - Jan 2023).
Additional observations with Nobeyama 45m Radio
Observatory to observe other regions with the same
technique as in Perseus are underway. The additional
observations aim to determine whether the factors
that influence multiplicity in Perseus are also found in
other star forming regions.

During the past year, I have become involved in
laboratory experiments. One experiment involves
infrared spectroscopy, which is carried out at SPring-8.
Another experiment aims to study silicate grain size
and coagulation with a commercially available dust
sensor. Both experiments are relevant to astrophysics
since characterization of dust properties are crucial
to understanding dust continuum observations
and physico-chemical modeling. Participating in
experiments has allowed me to develop professionally,
gaining skills and experience in a very relevant and
crucial branch of astrophysics. Thus, I am capable of
carrying out research in observational, numerical and
experimental astrophysics.

@ Publications
1. Murillo, N. M., Hsieh, T.-H., Walsh, C., “Modeling
snowline locations in protostars: Structures within

protostellar cloud cores”, 2022, Astronomy &
Astrophysics, 665, 58

@ Oral Presentations

1. N. M. Murillo, “Studying the formation and evolution
of multiple protostellar systems”, National Tsing
Hua University Institute of Astronomy colloquium.
Virtual.

2.N. M. Murillo, “Formation and environment of
multiple protostellar systems in Perseus’, University
of Costa Rica, Costa Rica.

3.N. M. Murillo, “Formation and environment of
multiple protostellar systems in Perseus” Science with
LLAMA, Argentina

4.N. M. Murillo, “Formation and environment of
multiple protostellar systems in Perseus” Physics and
Chemistry of Star Formation: The Dynamical ISM
Across Time and Spatial Scales, Chile

5.N. M. Murillo, “Modeling snowline locations in
protostars”, Pontificia Universidad Catolica de Chile
Department of Astronomy colloquium, Chile

6.N. M. Murillo, “Modeling snowline locations in
protostars”, Universidad de Chile Department of
Astronomy colloquium, Chile

7.N. M. Murillo, “Modeling snowline locations in
protostars”, Universidad de Valparaiso Institute for
Astronomy, Chile

8.N. M. Murillo, “Star Formation: physics and
chemistry”, outreach lecture given at three high
schools: Liceo de Poas, Colegio Superior de Senoritas,
Colegio Yurusti, Costa Rica.

@ Poster Presentations

1.N. M. Murillo, T.-H. Hsieh, C. Walsh, “Modeling
snowline locations in protostars”, Physics and
Chemistry of Star Formation: The Dynamical ISM
Across Time and Spatial Scales, Chile
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Microscopic Description of Many-Nucleon Systems with Realistic Nuclear Force

and Study of Hadron Interaction
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1. Coraggio L., De Gregorio G., Fukui T., Gargano A.,
MaY. Z., Cheng Z. H., Xu F. R.: "The role of three-
nucleon potentials within the shell model: past and
present", Prog. Part. Nucl. Phys., Accepted”.

2.A. Ohnishi, Y. Kamiya, K. Sasaki, T. Fukui, T. Hyodo,
K. Morita, K. Ogata and T. Hatsuda, "Femtoscopic
study of coupled-channel baryon-baryon interactions
with S = 2", Proc. of Sci., 380, 212 (2022).

3.Y. Kamiya, K. Sasaki, T. Fukui, T. Hyodo, K. Morita,
K. Ogata, A. Ohnishi, and T. Hatsuda, "Femtoscopic
study on the A A-N = interaction", Supl. Rev. Mex.
Fis., 3, 0308124 (2022).

O[15EH X Oral Presentations

1. Fukui T.: " A0 I EEERICL2BWVED T Z25 —
BEDEBICAEIT T, KIRAIZKRMARZTRFKZIC
BIIBI IR —YEOHER , KRAIZKZE, 108
(2022) .

2.Fukui T., Coraggio L., De Gregorio G., Gargano A.,
Itaco N.: "AAZIL3EADT VYV IVEEEBEWKZDR
E > EIE B ", JPS 2022 Autumn Meeting, Okayama
University of Science, Okayama, September 7 (2022).

3.Fukui T.: "Theoretical study of three-nucleon force",
GPPU Seminar, Graduate Program on Physics for the
Universe, Tohoku University, Sendai, Japan, July 15
(2022).

4.Fukui T.: "Shell model study of chiral three-
nucleon force", Physics of RI: Recent progress and
perspectives, RIKEN, Saitama, Japan, May 31 (2022).

5.Fukui T.: "Shell model study of chiral three-nucleon
force", Developments of Physics of Unstable Nuclei
(YKIS2022b), YITP, Kyoto University, Kyoto, Japan,
May 23 (2022).
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Systematic Nuclear Spectroscopy of Neutron-rich Nuclei to Clarify the Astrophysical

Environment of Heavy Element Synthesis
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1. Mukai M., Hirayama Y., Watanabe Y.X., Watanabe
H., Koura H., Jeong S.C., Miyatake H., Brunet M.,
Ishizawa S., Kondev F.G., Lane G.]., Litvinov Yu.A.,
Niwase T., Oyaizu M., Podolydk Zs., Rosenbusch M.,
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Studies in Complete Picture of Accretion onto Black Holes through Multi-Wavelength
Observations, Numerical Simulations, and Modern Statistics

REME (UE THE) 2N LTIy IR—ILAD
BEREX. FEHOROBULWERREROIXILF—IR
TH2. ABIFZDORESHICLDXENSEBRETE
ERBOXZRET %, Ffc. BEBRBOKRFIIHRLRLE
MEBEHRBICKDRBEERICET D0, ABAEN K
BZET 2, Lich' > T HBOXEZBHOEAITES
BEOYEEERIT ZHDEWNEHTH S, LML,
NETREZRERARGRANTEL WO, BEERS
DEFERIELKEBEINTEST. YWENEZENRED
HEZEHEEEFET S,

SEER. 77vIR—I)LARDORBE LR EE
BzRL. BANBSTHIEHNE (HERELEBOD
EDEER) ORBOMRZHROICT oIz, BFEFH
BTRIDBAREICLD T IR NEFENDZRFE
MY %R T SS Cygld100FE U LICE>TF I ~\—
ANEEDIRUTELHABNBERTETHIH, 2021
E2ANSUIESLK PURN—RNEEBHOXFIN DM

WREKSZ © A& BEF Mariko KIMURA
ZAARE : FERAFASR
BRBEBARRIEMBBEMRTF —L
(FFER #B|F BiH)
R IRBEBIRIREER U, FhfcBld. XIREFEHAD
RSN S, BEIRAOMEDIEINNCOREDEE
BREEHHL TV ESERB LT W28 (Kimura
et al. 2021, PASJ, 73, 1262). #fE>¥3al—¥y 3>
ICKBIREEZEIT oo ZDIER. MIEDIBINFTIESS
Cyg DEBRERZHATEI, HELSEEINDSH
ZNHEBEREEA—/I\—TO—92ZENDETHZIED
Mofce BEK. COMRICAWHESTEI-REHER
L. 7oV M—ILEEDHB CREIZHAANREZHIRT
BEFZIT> TV,

Fle. BHERXRTEL, AIEXERICH U TXIR
BRI ERNICRRLUTWS, 22T X THAENT
HEZH -1 AT2021afpi EWSEFREDF I R—Z ~
= X IR ERFENICER TEAI LTz ZDRER. XIRANRY
NLARICEERERA Y DBWMERIH DI EEFHE Ul
I5IC. HERED¥RERBEL /LT3 BHEDH
BEEDHBNGEFEOREIEEXTT/NSVAIREEDLH
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BERF. TV IR—ILEZDTF TN =AM
TILDOEREEEEO X - TRXARRKERANT 5%
RITHTH D, Fo. 2023FHTE LT FEDOXREE
XRISM Q¥ E8ER:A 7 £ —X D Guest Scientists D— A
ELUTGEHE N6, SS Cyg DRD L FREAZ 5T
B TH 2,
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R, RIRYT, KESDH A, MNEEAR—. VSNET team
fttl - TEEHTE SS CyglCHB T D202 FDRE BN ELE
EZDRBREROER. BEARXFESUEEFR
WRE, 9A(2022)

XX-007 77754 LY k7u—z2HOBOMGEOH LW TFEO R
New Approach to Non-perturbative Quantum Field Theory Inspired by Gradient Flow

JS3T74Ivh70— (GF) OFEE R T—YHEDE
FROFEWMEWRIZDZFLWIEETH D, GFARRI
—BOILMARR T ZOBTEZISNSHLLWI—I5
(7O—15) OBEEKIE. FRRDIAHEDEEET
BHAREDHBRNEWSHEEZR D, AiFFTIEGF ZAW
T BOETFROFIBBNFEZREI®LSETIH
HCTHDo REEDHEIFZDDOT—TICEDBAR, —
DlF, BRI GF DHZDER. 65— DIFGFZAW:
BHENT—IRIMEDENOME TH S,

BRI GF DB DEHDOHE TIE. SU (N) Yang-
Mills BSRICE WTIRIBS N GF DA EIE. BABRET
HBDEWSHEEIC, T—IWIMENEEREEZRLT
W5, = IHEBEERUANDHEEER% & GF DK
F—RRICERTIRARW, —A TRBEIEIFIERE ICR AR
WHEDTS. T —INRHEERZEDBETEHE
RICTDZENTBETH D, CDBR/EMRITT D &I
GF A B DB EREE WS EENFIIRELTVNED
N MEBHRLGEKRERPTZIEICEN D, AAETIE
GF DA E%EBXI I iWess-Zumino R (TEA L. #&D
ABARBIRINGA=F T Z T OLSICEHE IR ZITWT
O—ABRXEBRIT22ET HEERZSOBYE
7O0-ESNENFRICHRZCEZ, FERDAHTEEE

AREKS - Fith 5  Kengo KIKUCH
SAMEE  $IBAE OS5 A
(FAER #HEB%E)

BYRAIEERGICE > T BEIOE2REICE WTRLUT .
Zhickh, HZEOBREICEUTET — IS REI L
THHEAEERLET7O—AEXOEAGREDZERN
ATEEL 72D, GFDZERIEKEEREEN LN D &IT
AR

GFZRWBEHENYT — IR E DN DO E T,
GF (LB ER iz, BROEEBEEZZTIC. HRE
REEHOEEEEZER7O—BEICE IT2EEEE
DB EMNTES, GFOEDEREDHEEFEZIE,
FKEDIRW, BYGKFEHZERTED, £ TER
FI DN O L WKEFZERZ 7 O—5ZAVWTE
U BBEZARNDHUWENFEZRRE U, Bk
KICiZU (1) By oy ZER T U TBRITZITV. IR
T U GF AR ZERK. BiTll. U (1) v I g
HTEERNBRTHIMEEEERICHEDL . BRIBAD
SHEIFEGF SABEDRWE SEEFRWTETEZITV. ER
LT, 7O—FEOEBRBRICEWTZOHREEZHD
OlcBBEWSEF HIRIERZF

NSO RBRIFCF ZAWIZDERDH U WLE
WFEEE5Z. ZOICENBZILT 26D TH D, AR
DREICKD, FIcBYBNFZ TO—F 252, FARIE
MUK D ZANBRINED ZEMNHFIND,
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Pinoneering MeV gamma-ray astrophysics

BAVREP, FEANRREFRNIRROBERSR
BT ZZENTESZEI00 keVH 5810 MeVDE
BimmRIE. FEHTRABCPFEBRREYEZHES
BANT ETRNT ZENTERWN, UH L, TOFIHTE
BEncBER. IhExTt+otal aREDOMeV A
UNIRREBRHFEERIDINENH D, 2T, 2030
FROMeVAVVIRBEFANZEIEL. REDORET
LI YTPCEAWZIY TRy AXTIC LD R EREAIE
BRTGRAMS, ZESHT WS,

REEIF. GRAMS ORAT — Y RINFEZHILT D
ZEHERNEL, AV NV ERBOBERBERFED
MAERICEDIBATIL, £9. MLEMZ156 & LRI
EERBERTZINITVALEERELELY 7NV 7%
FHELUIz, Thic. MeVAYVIRERETILPERERSE
TORKIAVNBNNY T ZOVRETFTILES EICU
BN AERAT -5 ICBRISIET KRV al—
Vavho&BRT—5 DEITE TTS end-to-end DY
Tal—YavIL—LT7—VERRITDIENTES,
Ffe. GRAMS THW2RAEZILI VI LT7OY LY
v avFYN\—0FREICAEF, SIPMZRW7)ILIY
VUFL—YavHDREYATLADREFE DT 1. 87K
EWSEKBRIRET CEMERIBER T U Y TORFE &
SIPMORET LIV T TOEBREEFMEED D&
DTE RERICEBAT DHRERIATLDHKE A
ZEDHDIENTER, INSZHEIC, [IKEBRDEE
MaiRst - RN TEEICRRD, RER. REEICFET
3 ITPRITIRERICH I T EE R EIT> TV S,

WITLT MeV AV VIRZB<ME 92Ty ViRE
B IKCEBUEXBEAZT o fco AYNIREETIE.
BEFNSIRILF—ICIESIND I ETHY VIRA G
INZEEZSNZD, ZFOERICH DR FHIIEEE P
YBBRIENKERHICR>TWS, Fhld, RXIRHEIET
AEWEBEZFDONICERZEAWT AV ViREE LS
5039% &AL, ERETOXRRADRELEREL
foo TOMRR. HHHEEORBRT —ILTOX REE
DEEZHESMCUTc, COREZEENMEIF. HEDO0R

AEXERS © KH EE  Hiroki YONEDA

RAMEE : CRIIERSRBZFMEE Y 5 —
BIXIF-FHYBMEE
(FTBR FI &)

ENSOEREFUEFENSO/NIILT—EANTEH T 2E
BRT EROV Y TROF—RBEENFISEY
R OEFR TR & LRFHED—BUTWB I eI o T,
INICED EIRILF—HHOERL, FEFEZR
RETBAREEZLIDEDZDIENTE,
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Development of first-principles methods for quantum many-body systems based on
functional-renormalization-group aided density functional theory

YMBEEREERTZLHOIIOBKFOLANILNS
TR LI ERIPIBORETREED—DOTY, BFP
FF#. RAEBREWS L RREZLIRT 2DICALH
WENTWBSFARD—DICERENRE#EIER (DFT) %D
9, ZODFT = NB#H<DcHE (FRG) LWSIiFDIE
MDAETRIRTDIET DFTZHETHEVSDOMNA
MRFEDEN TS, FMIFEEXTOMRE T BEFRVPE
BRI DIGAZBL TR BEBEEZ R > IcRO#fTZ
HKEIVTZIENTEFR UL, COFEZISICHRARIE
BIEZZREEDBEVWEDET BioHICE. BEFIRDI
ROEDANDEBEERDET, —DDT7A T 7 & EFE
FKELTWBEBFEOFEZED AN, FRGTHENS
FEAOEZZ1—ZILRXYrT—2 (NN) TKRIET 22
ETEVWHEIRNTEEARDOIRZID ANDEWNS
HEDTY, AEERZOERLEER L. FICORTHRE
WS BHRISRICHIT BB ZIT8>fco ERRICTDRIC
BWIFRGOAEBAEEMEBICLDBEERSEIFSZ
EERLELTZ,

FRGZRWMOT—TELT, Va7V VESDRE
ICEIDEAE U, Y37V VERIKBITZYat
TZYAIEDEMNZIIINZTVERT YV vILRICH S
EFNFENG—HNFERULSBEDICETET, 2Dk
HHIEDALRFELTERICERATEERY, FicY3
TV VESLEBERERCIET AFREICIBI N
FORDEWEYZ 2L -3V TEFT, TOLIBFR
T RIBECNFOREERZIEESNICRSY—ILE LT
FRG Z Wz T2 WE Ui,

COFMEERRIC, ZHRRTOHEDRBRZENL
T BEERMEICEWVTRNSEEZONDINT—BIE
BOEERIVENE VSR BITRVE L, 2070
JrUhTIR. BREEDEFENFTHENIFSHEE
HRECEZERT VN VEERWCHS—BTER
fRITT 22 EEBRELTWELID. ZORITICIEH %
5 22BN TEEFEZITVE U,

HEEKL : #HE & Takeru YOKOTA
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Precise measurement of the transverse single spin asymmetry of neutral

pion at high energy polarized proton-proton collision

Name: Minho KIM
Host Laboratory . Experimental Group

In June, 2017, the RHICf experiment measured the
transverse single spin asymmetry (Ax) for very
forward n° and neutron productions in polarized p +
p collisions at Vs = 510 GeV at the STAR experiment
which is one of the high energy collision experiments
at the Relativistic Heavy Ion Collider. The Ay is
defined by the left-right cross section asymmetry of a
specific particle with respect to the beam polarization.
Ay for very forward particle production allows us to
study the spin-involved diffractive particle production
mechanism. During FY 2022, I analyzed the neutron
data and started RHICf-STAR combined analysis.
To develop the detector for a possible very forward
neutral particle measurement in the future, I also
joined the ALICE FoCal-E group and was analyzing
the beam test data which was taken at CERN-SPS
using high energy electron beam.

The neutron analysis follows the procedure of neutron
photon separation, neutron reconstruction, unfolding,
Ay calculation, and background subtraction. Through
these procedures, preliminary result for the neutron
Ay as functions of xr and pr was released. Theoretical
calculation based on the a, and n exchange model
predicted the Ay would increase in magnitude with
pr but it was estimated only in the pr range of pr <
0.4 GeV/c. In the preliminary result, in xr > 0.46, the
Ay increased following the pr even in the pr range of
pr > 0.4 GeV/c. In pr > 0.25 GeV/c, it also showed a
clear xr dependence which has not been observed and
expected before.

To understand the non-zero Ay for very forward n°
production, RHICf-STAR combined analysis has been
started. Detector correlation between the RHICf and
STAR detectors will provide us a clue to understand
why the Ays for both forward and very forward
n’ productions have comparable magnitudes even
though their expected production mechanisms are
totally different. As the first step, RHICS library was
revised in STAR format and submitted to produce
the official data at STAR. We are waiting for STAR’s
review now.

ALICE FoCal-E is a sampling calorimeter which
is composed of silicon and tungsten. It consists of
low granularity (lcm x lcm) pad layers and high

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

Laboratory Head : Yasuyuki AKIBA

granularity (30um x 30pum) pixel layers. We are
contributing to the pad detector development and
analyzing the beam test data to estimate the detector
performance. In the quick analysis, clear longitudinal
shower profile was observed. However, since detailed
calibration and analysis conditions to select the true
electron events were not properly applied yet, precise
detector performance will be studied taking into
account those factors this year.
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Investigation of Planet Formation Process through the Simulations of Chemical and
Physical Evolution of Protoplanetary Disks and Observations of Chemical Composition of

Exoplanet Atmospheres

1995FCHHTDRAZRE(KEGUNDEEDRED &
E2ZE) HFERSNTUR, IREXTIC5000fE £
DRAZEDHEEDNMESNT VD, HIATIE, WD
DDEEICDVWTRIDICZHEE D BN E I
5NBEDICH>TEco RRDIELZHEBDIBERIF, =K
EORHBE. FLEERORAXRERABROREZ
T2 FEND &35,

SEEREIC. ADHEE, TIE2ERFEOEDEDH
HIRDZAWTHA LB EEE(RELEEOHHE
EOXRE) ORXKDARY MUIZDWT, BIfE{T o7,
BERRRIRAZRECREEENEKRTHO NS, &
ARELDELEBNSHEEGEANAIETH D, DI
O, BEEERIOHAZBLTAKIOYIE - tFiB
BOEBREEILED, tZEBROREICEEREE
ZRETRINRUA N OEAIMIRIEZT >/ I &
& RAXRERKOBAIICE>THIERBICEETH D,
BATICHe>TE FEELDHRARBERFKF O,
BE—FEBNLGD FORNBHEZET. RARE -
BREXIDEHDEDEANRY MNUETE I— N exojax
(Kawahara, Kawashima et al. 2022) #/\ZJLk=7F
VEVTAINOECEMERED/N Ny T —Y EHAED
T2 THMBEEZTolc, TDRER. INXTH
FZORAEICH U TITONTWLAE - FABERI S LR T,
AIOEEER P REBEDERBELRHNICES L
NTE, RNEKE - BEEERIOEFEHEE ILHE
IXANDHFEREVWT, INFTEIEBEIHIERRER
E) BT —7IcdLTiThbnNTE k. SEIDLSICH
DEEA T —F I LT B—TRIBRBD FOIRINERET
BEEBAIEREEEZT oIc AARISERN TS %,

MREKS IS BHEK  Yui KAWASHIMA
RAMRE : BRI
IRHE - BREFEBRMEE
(FTER R AEXR)

e, HEDRBENBSNBLWRAXRERTOSH E8E
AllEEVWT, BRO—FBORMLRY ZEB>TVSDOH
ERRE T TORFORIGRY AN DREM TS DN
SEIDEH B TREDKEIPAY > OIRUHR' A N CE
B ER—BERITBEREENH D ED DD 0T,

MAT \YIILFHEREZHAWCHALLETE
HAXDHEHD 106315c DAKDANRY MLITx U
T BENINETCICHREU TS LESEX - LERIG-
EETINERVCERZITVL. KROBFEBRLIUCE
DEREDHIRET oo TORREREZRILELTH
=Lz,
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XX-012  Topological quantum links, knot theory and unidirectional

magnetoresistance under broken symmetry
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Host Laboratory . Strong Correlation Quantum Transport

The interplay between broken symmetry, electron
interactions, topology and superconductivity is at the
frontier of condensed matter physics. A growing zoo
of quantum materials exhibits this interplay, including
TaAs (the first Weyl semimetal), RhSi (topological
chiral crystal), CosSn,S; (magnetic Weyl semimetal)
and Co,MnGa (hosting a topological quantum link)
[1-7]. In the present work, I explore two aspects of this
interplay: the experimental observation of the first
topological quantum link [1]; and non-reciprocal diode
behavior under broken inversion symmetry [8-10].

Quantum phases can be classified by topological
invariants, which take on discrete values capturing
global information about the quantum state. Over
the past decades, these invariants have come to play
a central role in describing matter, providing the
foundation for understanding superfluids, magnets,
the quantum Hall effect, topological insulators and
Weyl semimetals. We introduce a remarkable linking
number (knot theory) invariant associated with loops
of electronic band crossings in the mirror-symmetric
ferromagnet Co,MnGa [1]. We disentangle this system’s
rich topological structure through bulk-sensitive soft
X-ray and surface-sensitive vacuum ultraviolet angle-
resolved photoemission spectroscopy. We directly
observe three intertwined degeneracy loops in the
bulk Brillouin zone three-torus, T°, such that each
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loop links each other loop twice. Through systematic
spectroscopic investigation of this linked loop quantum
state, we explicitly draw its link diagram and conclude,
in analogy with knot theory, that it exhibits linking
number (2,2,2), providing a direct experimental
determination of the topological invariant. On the
sample surface, we further predict and observe Seifert
boundary states protected by the bulk linked loops,
suggestive of a Seifert bulk-boundary correspondence.
Our observation of a quantum loop link motivates
the application of knot theory to the exploration of
quantum matter [1].

As another example of the interplay of symmetry with
topological quantum matter, I am examining novel
low-dimensional superconductivity probed by exotic
non-reciprocal response [8-10]. Recently, my laboratory
developed a high-quality epitaxial interface between
the Bi,Te; thin film platform and the superconductor
PdTe,. This unique superconducting topological
heterostructure exhibits a remarkable giant, switchable
unidirectional magnetoresistance associated with
inversion breaking and superconductivity [8]. I consider
new non-reciprocal phenomena enabled by this novel
materials platform, associated with superconductor-
proximitized quantum anomalous Hall states, semi-
magnetic TIs and skyrmions. My work will open the
way to new superconducting spintronics devices, exotic



two-dimensional superconducting states, and Majorana
braiding.
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Magnetic hopfions are three-dimensional (3D)
topological spin textures (TSTs) characterized by the
Hopf invariant. Although its total emergent magnetic
field, a quantity that usually determines TSTs’
dynamics, vanishes, hopfion still possesses entangled
spin dynamics including translation, rotation, and
dilation. However, a proper connection between the
dynamics of hopfion and its emergent magnetic field
has not been established yet. This year, we solved this
problem by systematically investigating the hopfion’s ac
dynamics. The spin’s Berry phase of a hopfion indicates
that the dynamical modes of hopfion are coupled
through two terms: the emergent toroidal moment and
the emergent magnetic octupole component. Therefore,
the dynamics of hopfion is determined by the emergent
magnetomultipoles instead of the emergent magnetic
field itself. Furthermore, the presence of the emergent
toroidal moment also suggests possible nonreciprocal
response of hopfion as it breaks both time-reversal and
inversion symmetry.

Then we performed spin dynamics simulation to check
the hopfion dynamics under an ac driving current.
When the current is applied along to the hopfion’s
symmetry axis, the hopfion shows a net translation
and rotation along the applied current direction, which
can be regarded as a nonreciprocal motion. When
the current is applied perpendicular to the hopfion’s
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symmetry axis, the hopfion shows net translation and
rotation perpendicular to the current direction and thus
can be identified as a hopfion Hall effect. Moreover,
both these dynamics are proportional to the current
amplitude nonlinearly. The corresponding equation
of motion is derived, revealing that the nonlinear
translation (rotation) is induced by the emergent
toroidal moment (magnetic octupole component). So the
nonreciprocity/hopfion Hall angle can be manipulated
by switching the chirality and polarity of hopfion.

In addition to hopfion’s spin dynamics, we also studied
its counterpart, the electrical response of hopfion.
We showed that the emergent toroidal moment is
effectively a vector potential and could couple to an
electrical current in a similar manner. As a result, the
hopfion gives rise to nonreciprocal magnetoresistance
(nonlinear Hall effect) under an electric field applied
along (perpendicular to) its symmetry axis. Similarly,
the nonreciprocity and nonlinear Hall angle are also
determined by the direction of the emergent toroidal
moment. Such rich electrical responses of hopfion can
be employed for its experimental detection. These results
uncover the vital roles of emergent magnetomultipoles
in nonlinear hopfion dynamics and provide an
alternative approach for the potential implementations
of hopfion in 3D spintronics.
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Developing new organic semiconductors with
high transport property for device applications
is an essential part of my research topic. In my
previous study, a diradicaloid molecule with high
semiconducting performance based on the quinoidal
benzo[1,2-b:4,5-b’]dithiophene structure (DTBDTCN)
was synthesized, and an unprecedented link between
the diradical character of organic semiconductors and
organic magnetoresistance (OMAR) was discovered.
Recently, a new quinoidal molecule based on
benzo[1,2-b:4,5-b']diselenophene (DTBDSCN) was
synthesized. According to the theoretical calculation,
DTBDSCN has a diradical character and could work
as a spintronic material. Variable-temperature electron
spin resonance (VT-ESR) spectra were measured
for DTBDSCN powder. A ESR signal was observed
over the full temperature range. Unlike DTBDTCN,
the ESR of DTBDSCN showed decreasing signal
intensity as the temperature was raised from room
temperature to 150 °C, although the change in signal
intensity at variable temperatures was small. If we
can have a good explanation of this phenomenon,
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this new material could be a promising material to
explore the relationship between quinoidal structure
and spintronic effect. In addition, several new organic
semiconductors were developed for the applications
in organic electronics. A new quinoidal molecule
based on thieno[2',3"4,5]pyrrolo[3,2-g]thieno[3,2-b]
[1,2,3]triazolo[4,5-e]indole (TPTCN) was synthesized.
TPTCN showed electron mobilities up to 0.4 cm? V!
s! in organic field-effect transistor (OFET) because of
its planar conjugated structure and low-lying energy
levels. I also synthesized new conjugated polymers
based on dithieno[3',2"3,4;2",3":5,6]benzo[1,2-d][1,2,3]
triazole (DBT). They could work as electron donors in
organic solar cells, and the optimization of their device
performance is ongoing.
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Deep-sea alkaline hydrothermal vents (HVs) are
of fundamental interest as potential origin-of-life
reactors. Here we conducted a detailed structural and
compositional analysis of alkaline HVs collected from
Shinkai Seep Field in the southern Mariana forearc,
and discovered a hidden property of HVs similar to
cell functions. We observed an organized hierarchical
inorganic structure in HV precipitate. The inorganic
wall contains a periodically stacked lamellar structure
with a thickness of ~ 10 um, in which the sublayers
consist of consolidated plate-like brucite nanocrystals
with ~ 100 nm. TEM analysis show that individual
crystals contain porous nanostructures shown as
local density variations. Slit-like nanopores with sizes
ranging from 2 nm to 100 nm were observed in nitrogen
adsorption-desorption isotherm analysis due to the
multi-hierarchical stacking of plate-like structures at
different scales. From the synchrotron X-ray diffraction
analysis, a preferred orientation of brucite crystals was
observed in the inorganic wall of HV, and nanocrystals
were arranged in a concentric manner radiating from
the fluid channel. The alignment was continued for
millimeter scale, which can offer long-range ionic
transport through the inorganic HV walls. The aligned
nanopores also showed surface charges that varied
depending on the type of adsorbed ion. The periodic
band patterns and crystal arrangements found in the
HV are features that mainly appear in the far-from-
equilibrium (FFE) system where chemical and physical
processes are combined. Structurally, repetitive banded
texture was also recognized in the HV, and at the same
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time, periodic zone formation of brucite OH bonds
was observed, suggesting the HV formed under FFE
system. Based on these properties, we demonstrated
that HVs selectively transported the cation or anion,
and converted ionic gradients (NaCl, KCl, and pH)
to electrochemical energy in a process similar to that
observed in cellular systems. Our findings show that
natural chemical disequilibrium originating from
geological setting drives the ordered structure, and
consequently built and accumulate the functions in the
HV system. This suggest that chemiosmotic conversion
can be prevalently observed in hydrothermal fields and
that there may have an evolutionary link to the cellular
function for harnessing energy from ionic gradients. In
addition, this will bring new insights into technology
by providing new materials and design strategies for
energy conversion and ion transport applications.
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Japan, Sep. (2022).
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Reconstitution of the archaellar motor using artificial cell-membrane microsystems
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VIO BEDEENERE Ule, Tic. HEEE Alphafold ©
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Resurrection of Ancient RNA/DNA Polymerase
~Unraveling a Mystery of Origin of Central Dogma~
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Spatiotemporal Imaging of Biological Macromolecules by Complementary Use of
Cryo-electron Microscopy and Molecular Dynamics Simulation
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phyB @ cryoEM £ R £ H &5 21T o foo JEMETY phyB
FECREZE LD IEERTENEITMRTRELT
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BREHETRIREDBRVWRFLRERGIESN I, &
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Evaluating Evolvability of Vertebrate Embryonic Morphology by Mathematical Model and
by Comprehensive Measurement of Cell Migration and Signal Molecule Distribution.
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Study of the coordination between three processes driving tracheal invagination
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lateral surface straight”, 45th annual meeting of MBSJ.,
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Development of single cell RNA-seq method for three-dimensional tissue retaining spatial
information of each cell and its application to stem cell research.
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Towards a principled deep learning framework for genomics

Name: Hector CLIMENTE GONZALEZ
Host Laboratory: High-Dimensional Statistical Modeling Team

In recent years deep learning has made celebrated
advances in computer vision and natural language
processing. This success is partly attributable to finding
new ways to exploit the data's underlying structure. For
instance, convolutional neural networks process images
by leveraging spatial correlations between the pixels.
Deep learning has also made great strides in solving
genomic problems, often surpassing solutions based
on classical statistical models. In this project, I focus
on models whose input is a DNA sequence and whose
output is a prediction on that sequence (e.g., whether
or not it is a promoter). However, the community is
less active, and the results are more modest. Some
challenges specific to genomics explain this, including
the high cost of obtaining data, the heterogeneity of
biological problems, and the lack of structure.

Most architectures in genomics are similar to VGG,
an 8-year-old computer vision model. Hence, the
following research question: do advances in deep
learning for computer vision lead to advances in
genomics? What about natural language processing? If
that were the case, we could advance deep learning in
genomics by transposing advances from those fields.

Generic Technology Research Group
RIKEN Center for Advanced Intelligence Project
Laboratory Head . Makoto YAMADA

We have identified four areas in which inspiration from
other fields could help, and constated that advances in
these areas lead to advances in genomic tasks. Besides
experimenting with advances in other fields, genomics
presents particularities requiring targeted designs. We
are exploring adequate tokenization and exploiting
double-strand symmetry. Lastly, we provide a deep-
learning library for genomics, torchomics, which will
help researchers prototype new ideas.

After establishing this framework, I will apply it to
predict the effects of variants and mutations from the
surrounding sequence. For that, I will use the best-
performing model from the aforementioned study to
the biological outcome of interest (e.g., gene expression
prediction) and compare the predictions of the wild
type and the mutated sequences.
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Capturing Snapshots Of Dynamic Protein Structures In Amyloid Formation

And Disaggregation
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ETHA Y UAIE I BEREEEEMEROREEBIE
UTzo BRRIBRAVOIF Y —ZHER U, KRADHIC
BT A UNAERRUICEDTHHERRERED
BIET PI0O4 RORRERIGERICRELRT
LLWEEEASYr/O070—t/LOBRREICKII U .
(2) VA ABFBEMIRICE D7 IO1 ROEELLE
Sup35IFREICLD2TEE DO K (Sc4.
Sc37) ZKRT %, NSRRI ROVEDRIGME
NEG-STHD, ZOBEZHRI ZERFT7IOCNR
DERERISANZZXLDFERBEICEWTEETH S,
AREEIFSc4, SCITHMAD=RITTEEZREL (%
TRERT) . SS5IChRERICHREEOEIEICH T
UTco BURE RISFBEICDOWTIFRHORELH
NETHDD, FRRGEHZLER, REFUER. &
REFOEREZHIIRDIAD I8, sSEBFRICT—%
=B 9 %,
e, SROMRICEIS, PILY\AN—HKDORE &7

290 )AVEFYRNTREL. REBRFIOACRZIN
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“The single-particle cryo-electron microscopic
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60th Annual Meeting of the Biophysics Society of
Japan, Hakodate, September (2022)

2. Takashi Nomura “Time-resolved structural analysis of
amyloid disaggregation reaction”, M ZE£5EIHK (A) 70
ART=IENZRE-EEFOR, TE, 118 (2022)
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1. Takashi Nomura, Yoshiko Nakagawa, Yusuke Komi,
Shingo Tamai, Motomasa Tanaka ‘Structural dynamics
analysis of amyloid disaggregation’ FiTZ F 5813 (A) &
OZRT—VIEFE _ERERE, £R, 77 (2022)

XX-028 MEASUREMENT OF CHROMATIN ARCHITECTURE, AND
ITS FUNCTION IN REGULATING NEURONAL ACTIVITY

Name: Fangke XU

Host Laboratory: Laboratory for Neurodiversity

To study the chromatin and gene expression changes
after the C4da neurons (somatic sensory neurons
located in between muscles and epidermis) receive
external stimulations, I proposed to apply DamID-seq
for in vivo C4da neurons isolated after changing their
activities. DamID is a technique similar to ChIP, but
it is not as wildly used as ChIP due to some technical
limitations. However, it was more suitable for samples
with smaller number of cells when the project was
started. With the updated sequencing technologies, it
also becomes possible to apply ChIP-seq to a smaller
number of cells. In the past year, I have successfully
customized ChIP-seq and ATAC-seq for FACS-
sorted C4da neurons. The sequencing library profile

RIKEN Center for Brain Science
Laboratory Head : Adrian Walton MOORE

shown by bioanalyzer from ChIP anti-h3k27ac from
~1000 C4das is similar to mouse samples against the
same histone marker. ATAC-seq library profile from
~600 C4da also displays correct peaks representing
mononucleosome, dinucleosome and multinucleated
fragments. I will continue utilizing those protocols to
study the chromatin changes and the targets of key
transcription factors upon stimulations.

It is well known that da neurons are essential for the
larvae to make quick behavioral responses to external
stimuli such as rolling. But whether longer-term
effects could be generated to cause more systematical
changes in the larvae is less studied. Therefore, the
specific genes that in response to da neurons’ activity



changes would be the key to understand the long-term
consequences better. I have found that nutrition intake
is reduced after C4das are activated. Some genes that
are potential targets of the key transcription factor, cut
(ct), can also affect nutrition intake. The CUT level also
changes upon c4da activation based on previous data.
Therefore, I am interested in whether those genes can

be direct targets of CUT and whether their expression
level will change after c4da activation. Initial RNA-
seq experiments will be soon submitted for sequencing
within this month. I am also looking forward to finding
out more genes that may mediate the long-term changes
and affect the animals’ overall fitness.
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Integrated Analysis of Heterogeneous Biological Data by Coupled Tensor Factorization

RAVAFZLAPRER Y =T oY —mEESHENBER
DFEARMOKREICLD. EAHRZERT HEIBROE
AT - BROVWENICETAIE N, REDOBELEYOD
AR RE BAVWERRZABICIGASN TV, U
MUBNS, COLSBERT —FIFARAHT —FIR—

ICBEBESNFITTVBEDD, HRENZENSZE ZKF
A2 BRBTIIRW, FERDIEREMCEHAIL
fo. BEODRBDZ/N\AAT—5 (T BE/N\1HAT7—
57E92)=fRALT EMENERRZE5IEdRE
LW, AARTIE. ARBVNEHHITEET —FYRET
ZREAT. BHICHOMEREOMRBLREE D DIFE
ISERY2ZEEERZ D, ARARDBRICKD. BIET S
EaRFHEOHABIIMESIN. HRIZ 2 =T 124D
FUWE R ORI N DRENIFTE S,

KEEEF. ToVILa@E=zFAALT 1#il2 RNA-Seq
T SREBEEEREREIZREB/N\vT—Y
scTensor @E‘ﬁi’é#ﬂ%'?ﬁﬁbto Ffo. TOVILIEA—
T—DNRECRBICONT, T—ITFAIINERILT DL
WSBEERDHZIENS, T—FD—EREITZXEVIC
ERUTHAY % Out-of-core &, IELODERIF

ZEBICHIAT 2R/ - R =FIA bTCRE%/\‘y’T—
Y DelayedTensor ZRH Ulc, £fe. T —YBENEH
BTVIYINT—FTERBICTVVILABNTZDLSIC
IBHDREE/\vT—I mwTensor zEFE Uz, I’
fEmwTensor =7 X /B FINS, TV /N0 EHEEER
TR BEEICEAL W& TH D,
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1. Detecting time-evolving phenotypic components of
adverse reactions against BNT162b2 SARS-CoV-2
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vaccine via non-negative tensor factorization, Kei
Ikeda, Taka-Aki Nakada, Takahiro Kageyama,
Shigeru Tanaka, Naoki Yoshida, Tetsuo Ishikawa,
Yuki Goshima, Natsuko Otaki, Shingo Iwami,
Teppei Shimamura, Toshibumi Taniguchi,
Hidetoshi Igari, Hideki Hanaoka, Koutaro
Yokote, Koki Tsuyuzaki, Hiroshi Nakajima, Eiryo
Kawakami, iScience, 25(10) 105237-105237 (2022/10)

2.Improved MeSH analysis software tools for farm
animals, Sabrina T. Amorim, Koki Tsuyuzaki, Itoshi
Nikaido, Gota Morota, Animal Genetics, 53(1) 171-
172 (2022/2)
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solute carriers (SLCs) D1 L OBEHEZE

Functionalization of Solute Carriers in Hematopoietic Differentiation

MEEE _SEEE2E L. fiEARRELR STV
%, > T, MREANSHBERNICHBEZERET B/cHICE
HORBEINFET Do TORRNBRBRENA AV F X
IVOZENLEL. ATPERENERY FIC K2 REENEX. B &
VTV RR—=F =N UIcBEBN % R TH S, Solute
carrier (SLC) 13400 LD T77IU—XVIN\—%ET 3
By IN0BETHD. NSV RAR—5—& U THBET %, 7
S BBAAY, BB XRTFR, BLUEYI VR
ESRBKBENE = BEKRTFHICERAMEEL.,
FROYEREDEREEHFICEST . MxUIchE
(FHEREANICREWTRE Y —R P27 HILDFEUTHEE
L. MREARHOMFEAREY OHLICES I 5, e,
M A ICHEWRE TOT7 7LD E(LT BT
ENEIS N, SLCs IR DEEZN U, 25 U

MREKL K EE  Mari HASHIMOTO

RAARE . EHERPEMELV T —
ENMREBETILIARF— LA
(FFER Al XEZ)

REMICHFEETDIENRESINTND, ULHUEDS,
S MRS REHIERADMEICHEWTSLCs H¥1E
SEEE. [FEAERTINTWRW, E-T KAET
[ERNA-seq 7 —¥ B\ CEMEMAE - mMERRMEED
BEFRRIO77MIILEERTL. SLCsORREEL
ZHANTc, FDFER. MEICHWSLCs R 707711
NETBIEN TSN, HIERORFEHDINTNSD
ENTRBEI NI, E5IC. BEHRBMFMEZRAWT
SLCs DEEFRIBERRZITV. SLCHEEED R KIS
SEEEETIEZIENRESI N, 5. SLCsDY)
BEENMEICRITTHERE, REOMREFICKETD
HBEZRITT 2 FETHD. AMARICK T RE R
DOAMEPHREEFICEDZRBERE, ZOMFFICETEST
% SLC DB KR EDREEINZZENBHFEND,
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Molecular Genetic Analysis Of Sympathetic Nervous System That Modulates

Gastointestinal Functions

BHIEGIE. EFHRELIT TEIRBRMEDOEER
EH5ISEIT, BRBGICEITIMEDLIES#H
BEDREICEB L. BRPIREESMHIFEDRDONIE
HzEEH2VWERET 2B ERPEROZDET
Rl 5NTWS, UL, DIMER, HIRER, HELSRR
REBBRMRICE > THIEIS N2 EmIC R ADREEEE
DEEF. BEDQOLZEUETSESICHEDST
BEREFIFEAETANSNTVGN, KB EFBHEE
AR E DR/ Y —V [ERRRSNTE D, SBFDDF
BEEZNFENLCEASINTVWSDICKN LT, BEMH
RODTPZ DB ZIRIEICOWTOM R IRE 3D
1B\, T, HLSREXI IS ETHISNSMERE - £
IEREEAEE (RBARHREEOESH) ZERICK
RAPEE TR OB ITERERZTofco S5IC. FRBUL

AREKL : BE /FF Yukiko HARIMA
RAMRE | LR EHEtE Y 5 —
ORI 20 AARF— L
(FFER =& M)
HiRT R %, 2020 D Nature neuroscience 5 1C ¥R
HEEINCBWRICE T2 —HRRBITOBRZDEICIN situ
hybridizationZ 1T\ BIRZEMEEZ Ao, ZDRER.
SHCRREERE T FF B ICHIE I 2 R R IR BN AT AR (TS
LTI INETHRA0FEU EEUSNTEc—RBR
RSB ERI R OBCENFEBEEEBRZZEN DS
feco INET, REMBEEMBIHREORKNBEY—N—E
EFELTNNos IS N TEchY, SEILESICHEERR T 25T
R R ET AT R (E nNos 21T, CartptBBiEE WS &
Nobhofc, 2T, Cartpt-iresCre Y7 ADERL & #r
}ICITL, Cartpt BRI OEREBZNAEE%Z
T-1co BARRIICIZ, Cartpt-Cre VI XDEHEIC AAVS-
hSyn-DIO-hM3Dq(Gq)-mCherry % injection L. #J
2-3BE#ICCNOZIR 5T B &l kD 5 A MIEE



DREZEIT oo ZDIER. Cartpt BEOEIRI R ZE
M ED e, BHEEIMBET LD, MEEEREZELLE
Molce 2 TCOETRIHRILChAT BIETHZ NS
TW37ct, ChAT-iresCre VI AW TREKDERR %
fIoTchER. IBEEEDET. ZLUTIFEED EFEH R
SNhtc, DFED. INSOIERHMS. Cartpt BEiED IR

TEENEI R (SR LSRR Z S ENICHITE T 2 NS
Wiz oTc, F&RIG. MEBERIEICEES T 5K BAREE
BIHREDBECFNRHERET 2L, REHREOEES
PERERIENICREL T, KD BREZRIEL TS, C
NESDOMRIE FRMICHBEERS T SHn
BORICEND LD SN,
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Significance of epithelial cellular senescence in lung fibrosis: discovery of new drugs using

alveolar organoid technology
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AR AERE (SN ICHEWB R ENBINT 2 FRARR
RETHD, RAEICIF L. MER. BERMEREERK
OfifEEMNMEEICES U, MlaDARE2AEMEEICK
DIRIELICE D, WEORRELTE., il LRGBS
PifEZLOREENEEINTND, B RIEMEMIR
HEE R REE R B T BEEICTOXT7 DR
EN RS, Mkt - ML & iR & DBSEZ BT
[FTTWB, FfcqmiiTlE. Z1LHIRED genetic ablation.
HB2WEMEBERDH 2EF DL B/ SN YT AD A
REEZWESEREVWSHEDHD. LHrULINSDEE
Hold, COMBAEDEMN. EORMELTOERICEHS
UTWBDOWD BBRE TN oz, Fio. FiREE DTSR
BTH DR MEMIFIERE SIEREMERBELTIED S
S5NTHED. R REICKT 2R ENHEED RIS
BESNTWD, K> T REEICEKELLBWRELTOE
ZOEEMNTERINDD BEOERRTIELIMEE
REffaBErroiafEEEEROXAIFE L. RERW
B FREHRIAANDOFZ TO—FHE# UM o1,

2. EDEN
FfRMEREICH T2 MRZ (L OREBNERZME - 2T
LNILTHSMNCT B E, Rz BE X iRl
EFI)VZin vitro THEILL. RIEITHRTF LRWffifg L&
ERDFH IO ERASHCT R E,
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(1) BRHELITICR B ERDELARREDORE
E NP YU XARICE T2 BEE D transcriptome
Tty kP JLATIYY (BLM) FEHETD

AREKS © A R Yasunori ENOMOTO
RAMRE | EmEERZHREY Y —
IR ERFERRZR T — L
(FFBR &K %)
ZBARMEREETILIIYI A Z FAWT, #RAELATICE W
TEDHIREN ZALIRBEICH D DOMERFE L T2,

(2) fBaAILA /A ROER B Z L FE
N AL D 1 BUATAE_ERZAARE (AT2) ZFACS TH
BEEEL. MRAILA /1 RELTIin vitro THiE E
AR EER Ufco 1272 IcBLM A {ERS 1
faEbaFE L,

(3) in vitro F#RHEREETILDREIL & XD = X LD R
ZFE U A LA/ RE RS M %
BELU. BLAT2H, BENICRHEZFMEZ o SMA
(Acta2) GOSN MESEZ 70Ot
2EBERUfco £ZORFAAZZALITE ST

(4) ERAT2ICRFZNUT—> 3y
ENBELDAT2ZBEEL, YORATRESNIEERNME
N TCHREFESNTWDDHIMRIE LTz,

R EADES

(1) IRME LIS Ic R T2 E2E L HRREDRE
BffFtranscriptomer—%t v NOBREFTZ{TS &,
b MREERTIcE W T Rl TREKNBE(ILY—
N—THB P53V T FILHEEL LT W, £eXY
ZBLMEFILICBWTH, AT2-lineage #il3Tp53
VT FIDOBEERFEE(CEZFDOTRAT p21 DEH
RERSHeEDS, REIICHE F2E2E LI
FEiEffiE _ERZ. 45ic AT2-lineage MifE TH B L it
DTz

(2) FREAILA /1 ROIERR i ELEFE
AT2-lineage fiflg%x~—F > T= % Sftpc-
creERTZ2;Rosa-mTmGX 7 A5 A V= BWT, %



IMSFACSTAT2 (GFP+) ZHEL., =Rt
BiRICTfeeder-free BIETHBAAILAH /1 RZ/E
HUTco ZZICBLMZERASERcEZ 5. in vivo[E
KR, pE3V T FILDEMEAL E R TE, R ETIE
Senescence-associated B-gal.BGEHERTN
fecen s, MlRZ(LDBERICHKI LT,

(3) in vitro FRMEEETILDREIL & AN = X LDEET
FAR M DRRMIBIFE L B2 HIREF T DFE
ORI T B8, Acta2-DsRed ¥ 7 RAEFED fif
IRMET MR (PDGFR a +DsRed-) ZHEE(L.
ZECFEROMBAINGT /A REREE U, %
DFER, AIAH /1 REHEICDsRed B &> T2
RS zRER TS cIen S, REMBEZNTE
TPIBEEEZ AT EEHRESHEZH
BTELZEEASHIC U, FeZDORGIEPE3D
AvTF4arIl/voF7 ok (CKO) YR (Sftpe-
creERT2 Trp53-flox/flox) HAED AT2% B\ =5
BITNEI SN, SSITEEFRENTO. TGF BIEMHE
{ERFTHBIntegrina V BEHFTEERAWNZR
BRAERD S, AT2HRDIEMEAL TGF Bh ARt 1
fIDE#HFERF THIIED DM T, —F. AT2
ICHIFBTGF BV FIL&IHIT % Tgfbr2-CKO ~
D R (Sftpc-creERT2, Tgfbr2-flox/flox) % Bz
BRICHHIBEDRIGIFHEI S, WICAT2ICTGF
BZERSBIGBICIIHIRHESFMHEFENLDE
EEINZIENS AT2HEDTGF BIFA—KT S
AV EULTAT2ICER L. Z0fiRiEFMintEae
Z3I5ICIBEY B E W o e positive feedback JL—
TERBRUTWSIENTRE S NI, INSDRERE
—HUT. in vivolcEWT, AT25EM p53-CKO.

Tgfbr2-CKOY¥ 7 2\ TH BLM ZFHE 4 D iR
A EBIND M bh ol
ERAT2IEHIFZN\UF =3y
RVRCHFZEBERER—IELT, EMNERER
SHEBEUTC AT20 = RITIEE R O iRt Mg s 0
HIBBETolc. TOMRR. YUVRAEK. EMAT2IC
BWTHBLMAIRICHS p533 7 FILDITHEE FHfR
WSS EEDER. BSWICAT2EEAD TGF
BRIBIC L B Eh iRt F AR E ERDIBRZHERT
=l

M EDHERICED, REFKEEDRET T EE%
R AT2DWHNC U TR ZFE T 2D 2D
7OEXR%Zin vitro THIR - AIRILL. ZDODFREEXS
X LEHESHIC UL,

(4

~

<SHOEE>

FiDIRHEILET)LIZin vivo lc& 12 BLM SHE iR
HEFEET LI —BITHZN. ERICEER DR
HEBYE, BUBODYIRADNRETH D&, BEBEOD
ERRENKEVWE WS REN D Tz £e. BEEDM
TRAERE AN S INTHRESF MR Z 2 BENELTRD,
AT2ZER & Ui R ADO7 70— FHTETL
BNotco SEIDHZE THEIL UTc AT2 & iR i S #HAZ D
HEBEBRZAVNSIE T MBAMRHEE SRERRZEH
& LT/ \ A ZIL—=TYy MEEMZR VY —=V O MV alREE
2%, Efz. Actal-DsRed ¥ AFFEDIRMES B D H
FRE (BifiEFlia b DRE) ZI81EE UciRitbae
DO IER ICRENEL. RiEIRERTF TH S TGF
BDEEZ pg/mL LN DBEREIR TIRA S EAH]
BETH D, INEAWDZETH - AT2ICRRSY, &85
BRI ETILE UCORBIAWEAZRET LTV,
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Neural Basis for Affiliative Social Contact in the Preoptic Area and Amygdala

HEUEYTHBE MPEERLRE—EOEY SN
ZRRUTHEET 22 FT, TNDX. LRI
MBion 2 CIEMRISEEIEN DN EMZERD DT
L RS5ND. U U RKERICEI D S0 FriRikis
IEDWTIERBABREBADZ W, BIFETTORIMEY
D 2 BWRE T AAIRERRHTE (MPOA) ICBEY

ARERSE © 8% H&E Kansai FUKUMITSU
RAMRE | HHEERZEREEY 5 —
BN RTEMEF — L
(FFER RH AX)
BHILVNZVFR/E (Caler) Y7 FUVTH, fE#LIC
HRFREEE LR IS O m S SRID M E R & itz K
$HZ178) (EMRKIL : contact-seeking) . BL UK
REt2ARICHEM UL EICHSNIBEMNRLESH
¥A1T7ED (social contact) OlADHIEICEDLEI &
ZHSMC Uz, £fzCalerU v ReELTLAENS 7=



UYELCT7 IV VKT 2HEMES MPOA ICBE
L. BHICHESHRREE T TH 515 contact-seeking % i
9B ERASMITUT,

AEEEF UTORBRETS>ZET AAIRHIE
(MeA) IEBETDNILY N ZVZREOKEEEHSH
I BEehlc. HRNEMTEOREICEEZREEZ
Ricg &z U,

(1) MeAAIIY h =V ZRAEMZIC Gad6 7N KT 2
ZENRERBENBETHSAMD MeASIILY S
ZURREMEIEGABAEEI SR TH DL
MBS STz,

(2) MPOA ALY hZUZ B AEMHIEE [ERGED. MeAH
WY NZURBFERICETIANOT Y REEEH
BUBRWIEDDD Tz,

(3) WLV FZVZRIFEMRTFICH T % short-hairpin
RNA (shRNA) ZAHWMeA NIV N Z U ZREH
Rzt 2 EERLATRICHSN D RIE

RITEIDTUED A STz, 2D ENS, MPOA I
VENZUZRBRREBEAAEBTRICASNDIHRE
BT ZRETDDICTHU. MeANILY =V
BRSH W EMZIGT 2N H D ENRE
Nt
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1. Fukumitsu, K., Huang, AJ., McHugh, TJ., Kuroda,
KO."Role of Calcr expressing neurons in the medial

amygdala in social contact among females" Molecular
Brain (2023), (in press)
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The Flux of GABA Regulates Inflammatory Responses in Macrophages

Name: Baihao ZHANG
Host Laboratory: Laboratory for Mucosal Immunity

Metabolites have emerged as the critical factors of the
immune system, involved in both metabolic circuits
and signaling cascades. There is growing evidence that
immune cell subsets can deliver various metabolites
into the local environment as a result of metabolic
adaptation. In addition to proteinogenic ligands,
secreted immune metabolites (SIMets) also intensively
participate in immune communication networks and
fine-tune the immune responses in homeostatic and
pathological conditions. Recently, we identified the
metabolite and neurotransmitter GABA as a signaling
molecule synthesized and secreted by activated B cells
in humans and mice. We found that B cell-derived
GABA promoted monocyte differentiation into anti-
inflammatory macrophages which secreted IL-10 and
inhibited CD8" T cell killer function. In mice, B cell
deficiency or B cell-specific inactivation of the GABA
generating enzyme GADG67 let an insufficiency of
GABA production, it enhanced cytotoxic function
of tumor-infiltrating CD8" T cells and promoted the
differentiation of tumor-associated macrophages with
pro-inflammatory properties, Moreover, we found that
monocytes also expressed GAD67, and synthesized
and secreted GABA during their differentiation. We
revealed that the ablation of GAD67 specifically in

RIKEN Center for Integrative Medical Sciences
Laboratory Head : Sidonia FAGARASAN

myeloid cells facilitated monocytes differentiation
into pro-inflammatory macrophages, and suppressed
tumor growth in mice bearing LLC tumor, which
suggests that GABA regulates the phenotype of
monocytes and macrophage in an autocrine and
paracrine manner. Furthermore, the blockage of
GABA receptors and transporters perturbed the
effects of both exogenous and endogenous GABA,
indicating a critical role in the flux of GABA for
macrophage differentiation and polarization. Our
study reveals that SIMets engage in immunological
synapse through the receptor and transporter, which
may be targeted to develop effective therapeutics
against inflammatory and immune diseases.

@ Publication

Original Paper

1.Baihao Z., Alexis V. and Fagarasan S.: Secreted
immune metabolites that mediate immune cell
communication and function. Trends Immunol.
2022 Dec*
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Conference

1.Baihao Z (Invited speaker): “‘GABAZ IE M) & 9 %
FER R & H1E " The 30th Molecular Immunology
Forum Tokyo, Tokyo Japan 2022, March 29.

2.Baihao Z (Invited speaker): “B i fR B3k D GABA (&
IL-10B Y2 O7 7 —YBEBICLDESEREZ

%9 %" The 17th KIRIN JUKU, Tokyo Japan 2022,
July 23.

3.Baihao Z (Invited speaker): “B cell-derived
GABA elicits anti-inflammatory macrophages
limiting anti-tumor cytotoxic responses”
EUROPHYSIOLOGY 2022, Copenhagen Denmark
2022, September 16-18.

4.Baihao Z (Invited speaker): “B cell-derived GABA
elicits IL-10+ macrophages to limit anti-tumour
immunity” The 81st Annual Meeting of the Japanese
Cancer Association, Yokohama Japan 2022,
September 29-October 1.
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Computation and neural implementation for insight-based learning in posterior

parietal cortex

BYRITHORREDEICEET I EEBYDLERE
DIZHICEETH D, OOHEIBRNGHBEFIFATS
CETZEDELSBRIEBRFEBZAREICT HEEZISNTL
5D, ZOFEREBEROHEFERIIHASMR>TLAE
Wo RAFTIRE CIEECHRIENB BN VR ICHTREH
BT 205HETZ2HSBADEFNREZFTEIE.
ZOBROMREBN Z IR RORIETBIET O5HE
FFRFERR T 2 REREH ERFOMREERY
ATV ZADBICHEVDENRIBIETEIERIEIND
EWSRFRZIREET %o

INTTOMRRICELD, ARETHFALULRREIIER
KBEZAVWIYIVATRELTOSOHETEIZS S
BESBRITENREBEDORILICRINL, ISIOEYEZEN
IRERITICK D, ZORERTE DV SHEITENE DFEIRL
HZBESHMCUTE

AEER, BIFEEETICHEIISNCERRERBWT 17
BHRONIZADMIF M E IR, BIFTDEREIT o1,
(1) Neuropixels 7O—7 ZFWTEEXITHRDOT Y

ADFEMIBOFE 2L L. REDZITICHHD
HRAEEE (RERIB. 178) ZRRUCHEHE
RZRE U, S5IcIhSOMRMBER Y17+
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XX-036 Attosecond pump-probe spectroscopy: ultrafast dynamics in atoms

and molecules

Name: Bing XUE

Host Laboratory: Attosecond Science Research Team

During the fiscal year of 2022, the experimental
characterization of the generated isolated attosecond
pulse by Frequency-Resolved Optical Gating for
Complete Reconstruction of Attosecond Bursts (FROG-
CRAB) has been successfully implemented. The final
reconstructed results show the retrieved IAP pulses
are 226 as. This result indicates the output peak power
for the isolated attosecond pulse exceeds 1 gigawatt.
This result also achieves the highest power record of a
table-top high-power attosecond pulse source, which is
suitable for further attosecond pulse applications, like
ultrafast dynamics research. The reporting paper has
been published in the high-impact journal of Optica.
This work is also reported by the news media Nikkei
Inc.

Later this year, all-optical FROG-CRAB measurements
are successfully applied for the characterization of the
isolated attosecond pulse with higher acquirement
speed. The results have good agreements with the
original FROG-CRAB measurement. This method will
be helpful for the attosecond pulse fast characterization
and tuning.

Another application is also attempted to use the intense
attosecond pulse to generate the second harmonics
in the soft-X-ray region. Due to the limitation of
experimental conditions, the current result is not
obvious yet, and it is expected to be proved later by
upgrading the soft-X-ray focusing system with the new
demonstration. The upgoing work has been planned

RIKEN Center for Advanced Photonics
Laboratory Head : Katsumi MIDORIKAWA

after this SPDR project.
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Exploring Novel Nanoscale Nonlinear Optics using High-Q Optical Microresonators
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Exciton physics in 1D-2D heterostructures and its applications

Name: 75 18 (Nan FANG)

Host Laboratory: Nanoscale Quantum Photonics Laboratory

After the discovery of graphene, extensive research has
been done in nanomaterials. The search for additional
two-dimensional (2D) materials has led to the findings
of hexagonal boron nitride (h-BN) and transition
metal dichalcogenides (TMDCs). These 2D materials
are bonded by van der Waals (vdW) force between
individual layers, which makes it possible to combine
with other low-dimensional materials such as one-
dimensional (1D) carbon nanotubes (CNTs) to create
mixed-dimensional heterostructures. The electron-hole
pairs are tightly bound to form excitons in these low-
dimensional materials because of limited screening of
the Coulomb interaction. The excitonic behavior varies
severely in different dimensions, and the excitons in
the mixed-dimensional 1D-2D heterostructures are
anticipated to have exceptional properties that are
different from excitons in either dimension.

We first study h-BN effects on CNT photoluminescence
spectra by transferring h-BN flakes over air-suspended

RIKEN Cluster for Pioneering Research
Laboratory Head : Yuichiro KATO

CNTs grown over trenches to SiO,/Si substrates.
The quenching and broadening effects are clearly
suppressed when CNTs are attached on the h-BN
substrate because of the low defect density, chemical
inertness, hydrophobic nature, and the absence
of dangling bonds on the surface. Moreover, the
anomalously large redshifts in Ei; and E,, of ~50 meV
are observed, and are dependent on the diameter of
CNTs. The results demonstrate the ideal properties of
h-BN as a substrate for CNT photonic devices.

We then investigate Tungsten diselenide (WSe,)-CNT
heterostructures effects with precise control of WSe,
atomical layer number as well as CNT chiralities.
The band alignment between WSe, and CNT can be
modulated seriously by controlling the chiralities of
CNTs. The CNTs with large diameters form type | band
alignment with WSe,, and a clear exciton transfer from
WSe; A exciton state to CNT Ey, state is observed. The
PL spectra are enhanced with ~1.8 at WSe, A-exciton



excitation because of the large absorption cross section
of WSe,, long A exciton diffusion, and efficient transfer
process. We also find a clear trion transfer from WSe,
to CNT along with the exciton transfer process, which
indicates a novel mechanism to form trions without
introducing free carriers. The transferred trion has
different laser power dependence from the exciton,
which indicates individual transfer channels for each
process. Type |l band structure is formed for CNTs
with small diameters, and new low-energy peaks are
observed. The excitons of these peaks are strongly
localized, which are characterized by laser power
dependence and time-trace PL measurement. With
careful control of WSe, layer number, the appearances
of these peaks are clearly modulated. Since the new
peaks are affected by both CNT chiralities and WSe,
layer number, we consider them to be interlayer
excitons, whose orbitals locate within both materials.
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dimensional van der Waals heterostructures on
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XX-039  FElucidation of structure and role of protein-protein interactions inside

spider glands: Knowledge based development.

Name: Nur Alia OKTAVIANI

Host Laboratory : Biomacromolecules Research Team

Spider dragline silk is a hierarchically structured
fiber composed primarily of the spider silk proteins
(spidroins) MaSpl and MaSp2. Both MaSpl and MaSp2
have distinct mechanical properties due to the difference
on the repetitive sequences. The self-assembly of spider
dragline silk is mediated by N-terminal domain (NTD)
dimerization in a response to pH and salt-gradient. A
detailed understanding of the pH relay mechanism has
been elusive, however, mainly due to the lack of direct
experimental observations on the protonation behavior
of individual key residues. Here, we elucidated the two
NTD structures of the two dragline spidroins, MaSpl
(PDB ID: 7W10) and MaSp2 (PDB ID: 8GS7), as well as
experimental pK, values of conserved residues involved
in dimerization using solution-state NMR. Our results
show that the D40 residue is protonated at an unusually
high pH (~6.5-7.1) and this process is followed by the
protonation of E119 and E79, with elevated pK.s, to form
stable dimers. Here, we show the sequential mechanism
is conserved for both the MaSpl and MaSp2, which is
the key for regulating rapid pH-dependent self-assembly
of spider silks.

RIKEN Center for Sustainable Resource Science
Laboratory Head : Keiji NUMATA

Furthermore, due to similarities on the NTD MaSpl
and MaSp2 structures as well as sequential pH-
dependent dimerization for both MaSpl and MaSp2,
the mixture of NTD MaSpl and MaSp2 at acidic
pH has the capability to form both homodimer and
heterodimer structures, as probed by solution-state
NMR spectroscopy. The structure of heterodimer NTD
MaSpl and MaSp2 which was successfully determined
by semi empirical method (chemical-shift Rosetta), is
very similar to the structure of NTD homodimer. The
average of signal intensity ratio of heterodimer and
homodimer increases when the ratio of NTD MaSpl
and MaSp2 close to 1. However, the maximum signal
intensity ratio between hetero and homodimer NTD
is 0.7, suggesting that population of homodimer is
slightly more preferred than population of heterodimer.
Together, these results open the possibility for facile
synthesis of artificial spider dragline silk with tunable
properties.

Inside spider glands, the native spider dragline silks
undergo post-translational modifications (PTMs).
One of particular interest is phosphorylation on NTD



since this domain regulate the spider silk self-assembly.
One way to investigate the effect of phosphorylation
on structure and dynamics of NTD is by making
phosphomimic NTDs, where the serine or threonine
residues mutated into aspartic acids. In this study, we
investigated the structure and dynamics of wildtype
and phosphomimic NTD MaSpl Al, NTD MaSpl
A2 and NTD MaSp2 from Triconephila clavata. The
phosphomimic NTDs were based on the identification
of the phosphorylation sites from mass spectrometry
data. In total, 6 phosphomimic NTDs and 3 wild type
NTDs structures at neutral pH and 5 phosphomimic
NTDs and 3 wild type NTDs structures at acidic pH
(1 phosphomimic NTD could not be determined at
acidic pH because this NTDs was easily aggregated)
were investigated using solution-state NMR. We found
that there is no structure and dynamics differences
between wild -types and phosphomimic NTDs.
Furthermore, we found that phosphorylation on
negative charge cluster causes rapid aggregation on
NTD at acidic pH compared to NTD wild types (without
phosphorylation), suggesting that one of the function
of phosphorylation on NTD is to serve as aggregation
nucleus. In contrast, the phosphorylation on positive
charge cluster on NTD stabilized the monomeric form
of NTD and prefer the NTD heterodimer formation
rather than the NTD homodimer. These results provide
novel toolbox of spider silk synthesis.
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Molecular Simulation-Based Approach to Protein Engineering for Future Medicine.
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On Refinements of Characteristic Epsilon Cycles and Conductor Formula
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Global Analysis on Lorentzian Manifolds with Constant Sectional Curvature
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XXI-003  Going Beyond Worst-case Mixing Time of Markov chains, and

Improving Markov Chain Monte Carlo Algorithms

Name: Geoffrey WOLFER
Host Laboratory . Approximate Bayesian Inference Team

Computing the expectation of a function with
respect to a target distribution over a large space is a
notoriously hard problem. The Markov Chain Monte
Carlo (MCMC) paradigm consists in designing a
Markov chain whose stationary distribution matches
the target and approximating the expectation with an
empirical mean computed on a Markovian trajectory.
The caveat is that the successive observations are
correlated. The quality of the approximation of
the expectation can be linked to the mixing time
of the underlying chain, a quantity which encodes
convergence speed to stationarity.

In my research, I investigate the mixing time
estimation problem under assumptions that go
beyond the worst-case, propose new definitions of
mixing that lead to potentially faster sampling, and
explore the information geometry of Markov chains,
with in mind the goal of connecting geometric and
mixing properties of Markov chains.

With my collaborator Aryeh Kontorovich, I have

Generic Technology Research Group
RIKEN Center for Advanced Intelligence Project
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closed a recently opened problem, on the fundamental
topic of minimax estimation of the pseudo-spectral
gap of an ergodic Markov chain. The question aims at
characterizing the sample complexity of the estimation
problem from a single trajectory of observations. We
have now pinned down this complexity in terms of
the mixing and stationary parameters of the chain.
This is relevant because the pseudo-spectral gap is a
parameter which offers a good approximation of the
mixing time when the state space is of moderate size
and is more economical to compute. Applications
include reinforcement learning, MCMC diagnostics
and recovering generalization bounds for dependent
data. Additionally, I am independently pursuing
the problem of estimating the mixing time directly
(instead of a spectral proxy), and I have confirmed
the statistical cost of this task to be larger. Along the
way, I have derived tighter confidence intervals for the
problem of estimating the parameters of the transition
matrix of a Markov chain, which can leverage



sparsity properties of its connection graph. These are
important steps towards beyond worst-case analysis
for estimation problems in Markov chains.

The typical definition of the mixing time is given
in terms of the total variation distance between a
chain and its stationary distribution. One promising
approach I am pursuing consists of investigating
alternative definitions for the mixing time, possibly
easier to estimate. Together with Pierre Alquier from
the ABI team, we are examining a distance between
kernel mean embeddings of distribution, termed
maximum mean discrepancy. As a first step, we have
established variance-aware convergence bounds for
the distribution learning problem with respect to this
notion of distance that are thinner than the state-of-
the-art.

With my collaborator Shun Watanabe, we are
conducting research into the information geometry of
Markov models. We have recently proposed a notion
of embeddings of Markov chains congruent with the
natural operation of lumping and we have shown
our embeddings to preserve geometric properties of
families of chains. This allows us to refine Markov
chains over larger state spaces without changing the
geometry of the space. Applications include coding
theory and identity testing.

@ Publications

Original papers

1. Cohen D., Kontorovich A., Koolyk A. and Wolfer G.:
“Dimension-Free Empirical Entropy Estimation”.
IEEE Transactions on Information Theory, 2022+,
doi: 10.1109/T1T.2022.3232739. Published.”

2.Wolfer G. and Alquier P.: “Variance-Aware
Estimation of Kernel Mean Embedding”. Submitted.”

3. Wolfer G. and Watanabe S.: “Geometric Aspects of
Data-Processing of Markov Chains”. Submitted.”

4. Wolfer G.: “Empirical and Instance-Dependent

Estimation of Markov Chain and Mixing Time".
Submitted.”

5.Wolfer G. and Kontorovich A.: “Improved
Estimation of Relaxation Time in Non-reversible
Markov Chains”. Submitted.”

@ Oral Presentations

International conferences

1. Wolfer G. and Watanabe S.: “Information Geometry
of Reversible Markov Chains”. International
Conference on Information Geometry for Data
Science (IG4DS’22), Online, Sep. 19—23, 2022.

2.Wolfer G. and Watanabe S.: “Geometric Aspects of
Data-Processing of Markov Chains”. International
Conference on Information Geometry for Data
Science (IG4DS’22), Online, Sep. 19—23, 2022.

3. Wolfer G. and Watanabe S.: “Geometric Aspects of
Data-Processing of Markov Chains”. Beyond IID in
Information Theory 10 (BIID'22) Workshop, Online,
Sep. 26—30, 2022.

Domestic conferences

1. Wolfer G. and Watanabe S.: “Markovian Embeddings
of Markov Chains”. The 45th Symposium on
Information Theory and its Applications (SITA22),
Noboribetsu, Hokkaido. Nov. 29—Dec.2, 2022.

Seminars

1. Wolfer G.: “Geometric Aspects of Markov Models”.
Communication, Control and Signal Processing
Seminar (CCSP), University of Maryland (Online).
Now. 16, 2022.

@ Poster Presentations

Domestic conferences

1.Wolfer G. and Alquier P.: “Variance-Aware
Estimation of Kernel Mean Embedding”. The 25th
Information-Based Induction Sciences Workshop
(IBIS’22), Tsukuba, Saitama, Nov. 20—23, 20

XXI1-004 TEHIZEBR LORGEREOMSE

Preserver Problems on Operator Algebras

ERRBRRmE . Hilbert 2/ EOBRRFAERAR DR
TIRZMA T DHED—DEHTH 2, FAlFFELT EA
RROHWEOERTH > TREDBEERDEDD—
BEERAND, REMEEFIENDIEBOHREZIT>TW
%o REEDIAXTTHRIERM BT, IR TO
FTHREIELITOED TH 2,

HREKS © & @t Michiya MORI
SFAMEE : HBEAE OS5 A
(FFBR #HB &%)

FEEE. BHRMEAR D% *ERT. von Neumann 1EA
HEB/LTHDOOMEETV, REETILTUVMELT
ARUIH, COmMXISEIBEMRFIBEIND L
HSRE LT,

SEE . von NeumannBOHEROER R ICD
WT IEDOBBRELT I LT YUY N ZE AR U e, 1THE



RICBWTIE, FERORAELFRATAERRED
REMTEZSNDEVWSTEE, BLTIoBZER<von
NeumannIRICX 972 BETALAIERRROREZ O —M#
EhEz5NTWeD, 2OTLTIY TR, ED Il
von Neumanni R OFAT P AMMERRRDRER O —i#%
FEx5Z o 2hickb, —fdDvon Neumanni&R D&
FRICHUERRREO—BEN TSN, HUL1930FRD
von Neumann (C &3 ITBRBOMEICHE T ZREIC
REDDLV,

e, EEEICSIEHE. SRERARICOVWT, BT
BMELTORE BREEAOHEERE, ZENLGEREZ
Tofce RARZF - Y27 FKEDPeter Semrl K
ElF. BTN P E R Hilbert 2R DKM ICBET S
MEICHE TRV EATNS,

MEEETE. DOF VML ABREOZEICLDH
DHREEDRRIEA Y AV DHRLTH e, SEE
FEERSERINZ BSOS, BERAETOVSLD
YT A MATAR(EE - #F) PERNOREERICE
BRICHEEE, HETOEIF—P HRICETIEHRR
BETSTENTER, Fles HEANET OV S LICFE
FEEHIBMRETE EHRRET ol FIC. BIEEE
707 S AR TCRERBEELE T 51> M Super
Smash Problems; ICHHEEELTSMLILZET B
DIRREFRLABERNSEFETZE >0 I ESN .

IBICIFAFHFRERTELREMEEZRE Ul

@5 ER%& Publications

(REFHX)

1. Mori M.: “On regular *-algebras of bounded linear
operators: A new approach towards a theory of
noncommutative Boolean algebras”. BALEFH#EE.
NI

2.Mori M.: “Ring isomorphisms of type II  locally
measurable operator algebras”, submitted,
arXiv:2206.00875.

O[5EF% Oral Presentations

(=

1. Mori M.: “Lattice isomorphisms between projection
lattices of von Neumann algebras”. 556105 H#G-
HBBRTFERYYRIY DA, BAKRFEIFE, 8
A (2022)

2.Mori M.: “Wigner’s unitary-antiunitary theorem
and its variants”. RIMS R R (AFE) 1ERRIER
MORMDER . TERZF. 98 (2022)

3.Mori M.: “Lattice isomorphisms between projection
lattices of von Neumann algebras™. HA#F 52022
FEMEFREDRR, LBEKRF. 98 (2022)

(E=27-)

1.Mori M.: “Lattice isomorphisms between
projection lattices of von Neumann algebras and
ring isomorphisms of locally measurable operator
algebras”. REEARE LI F— REKRFE 7A
(2022)

XXI-005 REZHRIADBRIL & BEGHE

Degeneration of variety and canonical metric

REAT TIRIBBEAREE WS BAERIT R (Z2MHE) =
TS0 RIBEIRED—TED T 7/ LI EH T EERICH
723N, Kahler-Ricci soliton EWS1ZE#EH ECRET 53
S M DI, Kahler-Ricci soliton DEEEFH DT
ZKELEMEICET2REEMOER. KEESIFRSHE0L
T 7/ EREICH U T—EBNBAETKRERT 7/ %5k
FEBR T RERICOER. ZUKRERT 7/ %%
BOEV1TA1ER/BIBREINTE o AARDERIZE.
77/ SREICET I EEDEREE —BRORBBLIRAEIC
WRL. BBEZREAOHBEREDLERDTY 2171 ER
DEHFRZHESHNMCT B ETH 5,

HMABRINTTOMRICEWT, 77/ ZHKRED

R EKS - HLE BT Eiji INOUE

RAMRE : BOREETOT T L

(FFER #HEH)
Kahler-Ricci soliton D% — & D RBZ KR ICHLR
FBu-cscKEFBEWSHRZREL, MO RMA - K%K
RAOMAIENISZOERBEREZL TS, TDBETU
-cscKEFEMRLILYY - TV RAE—EWS A &R
BRBEHICS TR O TSN &0, BFEERICIER
Snah ok BEE REDEICHUWRRES ST
FZEZREL. 77/ kA D Kahler-Ricci soliton ®
BRBLRICNESBVWEBHBER THBIERUI —
FTREEANRBERNSREEHEAEDRLICNTS
FEFIFAT AU IV ROE—EWSEREEAL, T
nNERUIILYY - TV MAOE—OEOIEERBREXZIE
BAUTc, &l RBESHREDEY 271 EROBEICH



BUTC FETILFEATANUIY hOE—2 R KT 2R
L(&ERL) OFEE—RBUNEETHEIIEEZRE
FRERERUCE oo COBEMBICT U TREZ K
FEORILDZEFEZMSHNADOEKRTEMIELTIV/IY S
MEBWSEITNG T 7O0—F OBEMEDERFTEZN
FEEEIFZFDEMILE UTIETILFAT RETED EE %18
B UTzo

AEEEF, WMEOSWMRELKRAELL TSNS ~—
Uy I SRARICH LT FEFILFAT AU Y hOE—
ZRAEITZDHETIFATREGEOFEE—REEA
Ufco SBICCDIERICEDE, INETRELSTIET
ILFEAT AU T FOE—DENZHBRIREHSHITL
foo BECOBREZRNICKREHTNS,

@t LK Publications

1.E. Inoue, Constant mu-scalar curvature Kahler
metric - formulation and foundational results,

Journal of Geometric Analysis, 32, Article 145,
20227

2.E. Inoue, Entropies in mu-framework of canonical
metrics and K-stability, II - Non-archimedean
aspect: non-archimedean mu-entropy and muK-
semistability, arXiv:2202.12168.

@[5EF K Oral Presentations

1L HEBE" REZHKREAORERE EFARAITBES
Mr—2 -k LOREFEL Z DEIL3,

2.E. Inoue, The non-archimedean mu-entropy in toric
case, Seminar on Geometric Complex Analysis at
University of Tokyo

3.E. Inoue, A sketch of the future of mu-cscK metrics
and muK-stability, The 28" Symposium on Complex
Geometry

4. F EBET | An overview of non-archimedean
pluripotential theory and its outlook. 2022 FEHZE
HEMmLEI S —

XXI-006 Development of Data-driven Prediction Model using Deep Learning for

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

Name: Muhammad Febrian RACHMADI

Host Laboratory: Brain Image Analysis Unit
Integrative Computational Brain Science Collaboration Division
RIKEN Center for Brain Science

Laboratory Head : Henrik SKIBBE

White matter hyperintensities (WMH) are
neuroradiological features often seen in T2-FLAIR
brain MRI, characteristic of small vessel disease
(SVD), and associated with stroke and dementia
progression. Clinical studies indicate that the volume
of WMH on a patient may shrink, stay unchanged, or
grow over time. We call this the “evolution of WMH”.
Predicting the evolution of WMH is crucial for better
care and prognosis of individual patients, but it
remains a difficult task because of the different rate
and direction of WMH evolution clinical studies.

In this study, we developed various deep learning
models for automatically predicting the evolution of
WMH from a single brain T2-FLAIR MRI. Prediction
models for disease progression from medical image
modalities using machine/deep learning can be
categorized into the three different approaches: 1)
approaches predicting the outcomes of a disease
(e.g., COVID-19, multiple sclerosis, trauma brain
injury), 2) approaches predicting the progression of
a disease with regards to the pathological timeline

(e.g., progression of Alzheimer’s Disease (AD) from
normal to mild cognitive impairment (MCI) and
then to AD, and 3) approaches predicting dynamic
changes (evolution) of specific disease features
(e.g., nodule progression of pulmonary tumor and
evolution of WMH). Thus, our study belongs to the
third category, in which a predictive model is used to
estimate spatial dynamic changes of the evolution of
WMH identified on an MRI scan. In this study, brain
MRI data from stroke patients enrolled in a study of
stroke mechanisms, imaged at two/three time points
(baseline scan, about 3 months, and a year after) are
used.

Last year, we focused on dealing with incorporating
risk factors of WMHs evolution for improving the
prediction of the evolution of WMH. So far, previous
studies focused exclusively on the image modality as
input and the appearance of WMH themselves while
ignoring other clinically relevant factors. Note that
a growing number of clinical studies have indicated
that clinical factors such as previous strokes, age, and



genetics, influence the rate and direction of WMH
evolution. By including stroke lesions, a clinically
relevant factor, in our prediction model, we were able
to improve the accuracy of our results. The results
show that incorporating clinical risk factors are
important for better prediction of WMH evolution.

@ Preprint

1.Rachmadi M.F,, Valdés-Hernandez M.D., Makin
S., Wardlaw J., and Skibbe H.: “Improving the
prediction of white matter hyperintensities
evolution in brain MRI of patients with small vessel
disease using stroke lesions information”. bioRxiv.
doi: https://doi.org/10.1101/2022.12.14.520239.
Submitted to Medical Image Analysis.

@ Oral Presentation

Domestic Conference/Symposium

1.Rachmadi M.F., Valdés-Herndndez M.D., Makin S.,
Wardlaw J., Komura T., and Skibbe H.: “Development
of a Data-driven Prediction Model for the Evolution
of White Matter Hyperintensities using Deep
Learning: Progress and Challenges”. In NEURO
2022, Okinawa, Japan, 2022, June 30 - July 3.

2.Rachmadi M.F., Valdés-Hernandez M.D., Maulana
R., Wardlaw J., Makin S., Komura T., and Skibbe H.:
“Modelling the Progression and Evolution of White
Matter Hyperintensities using Deep Learning”. In
the 2022 International Conference on Advanced
Computer Science and Information Systems
(ICACSIS 2022), Jakarta, Indonesia. 2022, Oct 1-3.

@ Poster Presentation

Domestic Conference/Symposium

1.Rachmadi M.F., Valdés-Hernandez M.D., Makin S.,
Wardlaw J., Komura T., and Skibbe H.: “Development
of a Data-driven Prediction Model for the Evolution

of White Matter Hyperintensities using Deep
Learning: Progress and Challenges”. In International
Symposium on Artificial Intelligence and Brain
Science (AIBS) 2022, 2022, July 4-5.

@ Other Activities
Teaching/Lectures/Talks/Meetings/Research
Collaborations

1.1 gave a plenary talk at the 2022 International
Conference on Advanced Computer Science and
Information Systems (ICACSIS 2022) which was
held by the Faculty of Computer Science, Universitas
Indonesia.

2.1 gave a talk in a workshop in a conjunction to the
ICACSIS 2022 conference. The title of my workshop
was “Fundamentals of Learning from Data and
Uncertainty in Machine Learning”.

3.1 gave some lectures in the advanced machine
learning course for graduate students within the
Faculty of Computer Science, Universitas Indonesia
together with a principal lecturer. The lectures
were usually given once a week for 6 to 8 weeks
(depending on the principal lecturer of the course)
and were given in English and Indonesian languages
(bilingual).

4.1 visited Cipto Mangunkusumo Hospital (RSCM) in
Jakarta, Indonesia where the Faculty of Medicine,
Universitas Indonesia is located and held a few
meetings with radiologists and researchers there for
joint research activities. They shared some data for
us to work with.

5.1 am actively collaborating with other members of
Brain Image Analysis Unit to develop better loss
function for segmentation of clustered objects in
biomedical image and deep learning model for
image registration and image translation.

XXI-007 JEMGRERMBOMEIERE ¥ A MEZEO PP 2 G U 7 RR IR O R

Development of a planet formation theory based on structure formation in protoplanetary

disks and microphysics of dust collisions

INFETOBRICLDERERIKBRACEEZENICE
FEIDRETH DI EN DN >TWBH, ZDRIRIFKRS
BEAINTVLWEL, HERNBRELRY F A TR, £F
NENDDEDADICEM I NS AAB(RHAXRER
M%) OFRTEEMAIT(F AR BMEBEEELTVZE

R EKS - BK & Ryosuke TOMINAGA
RAMRE | FRAERARE
RHAE - REXHRMARE
(FFER #RH @x)
TERENFEHRINDEEZSNTE(e.g., Hayashi et
al. 1985), U U AN DRERRICIFFELGRENSH
D, FOX—MILYA XOFEREHELE ) [T SELET
ERNEVNSZENRELBEEELTHE-TVS,
AFEEDHRTIE. BADER U ANEREED



A & % E(coagulation instability ; Tominaga et al.
2021) IR 92 ERBFEOEEZHEI 2L -V 3
VTN EROBRERRIBRICHD Y ANETHE
) CTEEFIERE ZRBICEE TEDIETRL
foo COMBIIIRIAZOHFPFNHIREEREZTVD
DIADEFEIICITV, REEICEM R Z 2R B U
(Tominaga et al. 2022a, 2022b), REEIF T 5,
CDOARREMICSIZHBE D ERFIREEICEDNTE
DESICHERM CTEDDZEG A EICED S AN ., ZDHE
BROZEMN Do (1) RREWFEICHERI+au
AOBERICEEZES. (2) BENFEICHMN L F
fElE5au DIER A HEM CEFNRENHZ BT dE
BHOHN) VI DOFEPH RV T ELTERAEN
B3, (3) FBICHEN0IMM-1.3mmDAXRY ~NLIE
BUCIFALZRERRDEIMNEDIC\W, (4) coagulation
instability "2 I¥ ANEBEBETIEY Y VBT T2
UK - SURTAZNITEVNE T ERD, FALEHED
BREENOAFEEE CEHASNTWSHBOFHmE
NTRWIEZERLU. AREBMRBOHRELRED
TTICRI>TWBIRRZRE L. BRID R I E KK
NZHRAETBDICDERRFOEZER U, TDHE
R AHABREENOIAGEEEREOEWVWKHIC, MEE
WEED>13-5% Z A& LTHRE T NIEERIEINT
WBIURBEN I TES &M b olc, TOREH
E0BE. BBEORAIEI VK THENICERD, BN
ANRY MViER e R U A& & AR PIREIED % 2
(e.g., Ansdell et al. 2018),

FRICMRA. ZRTHEERICHIMD B AR,
coagulation instability ICB8 U T4 X MFr Xl & 7
FelcERB L. Y1 XD mOREE L ZRIRFICES SRIEE
I—ROREEZET>fco BIROBERTIEF YA XDHOHE
TINAT =L DRLEEDNLELS B EN MDD, &
BEIODFEZZFIKWRERAZEEIDHEDNH 2.
F/ccoagulation instability D I EMRE R =L
CTKREENAREREDLERITYI 2L —a v %75k
. ZDEFE U TIRTMIEBRTZITVWERTIEDZE
TNz, ZDMER. Y ANBLEOHZLEGMICHEL
DBENH D DD e TNIFELITONTNSTY X
NBOHERSIHEYI2L—> 3V TERTDTH
BZEETRBUTRD, SBRIMFTIVILYIDRENE
BYZal—>aVaiEdT2RENH B Ehbh ol
@5 LR Publications
(REFRX)

1. Tominaga R. T., Kobayashi H., and Inutsuka S.:
“Nonlinear Outcome of Coagulation Instability in
Protoplanetary Disks. I. First Numerical Study of

Accelerated Dust Growth and Dust Concentration
at Outer Radii”, The Astrophysical Journal, Volume
937, Issue 1,1d.21, 15 pp. (2022)*

2.Tominaga R. T., Tanaka H., Kobayashi H., and
Inutsuka S.: “Nonlinear Outcome of Coagulation
Instability in Protoplanetary Disks. II. Dust-
ring Formation Mediated by Backreaction and
Fragmentation”, The Astrophysical Journal, Volume
940, Issue 2,1d.152, 17 pp. (2022)*

(BfTER(EHRRL))

l.Tominaga R.: “Dust-Gas Instabilities in
Protoplanetary Disks: Toward Understanding
Planetesimal Formation”, Springer, Part of the book
series “Springer Theses”, ISBN: 978-981-19-1764-
6 (Hardcover Book), 978-981-19-1765-3 (eBook),
(2022)

O[I5EF K Oral Presentations

l.Tominaga R. T., Tanaka H., Kobayashi H.,
and Inutsuka S.: “Coagulation instability and
planetesimal formation in protoplanetary disks”,
NCTS-ASIAA Workshop: Stars, Planets, and
Formosa, hybrid (Taipei + online), August (2022)

2.Tominaga R. T., Tanaka H., Kobayashi H., and
Inutsuka S.: "Numerical studies of a new instability
driven by dust growth in protoplanetary disks”, The
9th East Asian Numerical Astrophysics Meeting
(EANAMY), hybrid (Okinawa + online), September
(2022)

3.EKEA CRAZRERARICETZY ANERMNER
BIBZRRERETANRE " REEHARR. B
FRZEAYZAVDINAT YUY RERE. 38(2022)

4. BAEA. BRFN, AWMIE REE—B T AMK
R BRZHSFEBRERMABORTLEMICELZT R
MREW BARXZER2022BZFFR. AV 7123
B(2022)

5. 20EG. BRFM. WG REE—BR T AR
ROEE T DRMBERABOARREN " FAMR
B UWERRIERICEB/NZ 1LY T b KR
2 BHERZEAYSA VDN T )y R 38
(2022)

6. BAEMA. BRFEM. IWE REFE—B " Y AR
REBOARLEMRICLDREBXRERME TOMRE
FERL". JpGU 2022, BRXY BEAYSAVDINAT
U R, 58(2022)

7. BKEG. REE—B, SRRE: "RAXERMAR
DINEEEZ ER U KFENTREM DRI B
W' BARNZR2023BZFF R, UAKF LAY S
1> DNAT Uy R 38(2023)

@R A5 —H3K Poster Presentations

1.Tominaga R. T., Tanaka H., Kobayashi H., and
Inutsuka S.: “Dust transport and outer planetesimal



formation via dust-growth-driven instability
in protoplanetary disks”, Symposium on Next
Generation Astrochemistry, hybdrid (University of
Tokyo + online), November (2022)

2. BB, RFRIE—BR [ RIARERABORNERE
ZERBUCKFENALZEMDRFC BN 5350

BRBYURIYIA FEE A5yt UE 128
(2022)

3. BkEG. ARFH. MG, REFE—BR - RARE
FABICEFTDY ANEBHARLEEDERRIRIEIC
BFEETIVE. BARXER20235ZER, X¥K
KEEAVSAVDINAT Yy RERE. 38 (2023)

XXI-008 Implementation of Helium-3 Magnetometers to Extend the BASE

Physics Program at CERN

Name: Elisabeth Johanna WURSTEN

Host Laboratory : Fundamental Symmetries Laboratory

Even though the Standard Model of Particle Physics
has proven to be very successful in explaining a large
amount of experimentally observed phenomena, it
is still lacking answers for a number of observations.
One of these is the baryon asymmetry of our
Universe, why is the amount of antimatter observed
in the Cosmos negligible compared to the amount of
matter? Another puzzle is related to the observation of
a significantly larger amount of mass in our galaxies
than what we predict from the particles described by
the Standard Model. The search for this so-called ‘dark
matter’ is currently at the forefront of fundamental
Particle Physics and has triggered research on both
the theoretical and experimental side. In an effort to
investigate both problems at the same time, I have
joined the Baryon Antibaryon Symmetry Experiment
(BASE) at the Antiproton Decelerator of CERN
(Switzerland) for this SPDR project. The aim of the
BASE experiment is to measure the properties of
protons and antiprotons with ultra-high precision to
learn more about the matter-antimatter asymmetry.
Our most recent results were published in Nature
in 2022, comparing the charge-to-mass ratio of the
proton to that of the antiproton. I have re-analysed
these data in FY2022, searching for signatures of dark
matter interacting more strongly with antimatter than
with matter. No such signals were found under the
assumption that dark matter is comprised of spin-
0 particles. A paper is in preparation detailing the
model, the analysis and the results.

The current objective of the BASE collaboration is
to measure the antiproton magnetic moment to the
100-parts-per-trillion level of uncertainty. In order
to achieve such a 10-fold improvement in precision,
we have implemented a set of superconducting
shim coils that enable tuning of the magnetic field
gradients present in the Penning trap setup. With
these coils, we can homogenise the magnetic field of

RIKEN Cluster for Pioneering Research
Laboratory Head : Stefan ULMER

the measurement Penning trap, which will suppress
the dominant systematic uncertainty of the previous
BASE magnetic moment measurement by more than
a factor of 1000. Furthermore, we have developed
techniques that reduce the antiproton sub-thermal
cooling time by more than a factor of 60, which will
considerably increase the data sampling rate in the
planned proton and antiproton magnetic moment
measurements. The four traps of the BASE experiment
have been commissioned successfully with protons
during FY2022, resulting in the observation of single
spin flips of one proton with world-record fidelity,
an important milestone for g-factor measurements.
These improvements mean that magnetic moment
measurements with protons and antiprotons at the
100-parts-per-trillion level of uncertainty are in reach
for FY2023.

@ Publications

Papers

1.Borchert M. J., Devlin J. A,, Erlewein S. R., Fleck M.,
Harrington J. A., Higuchi T., Latacz B. M., Vélksen
F., Wursten E. J., Abbass F., Bohman M. A., Mooser
A. H., Popper D., Wiesinger M., Will C., Blaum
K., Matsuda Y., Ospelkaus C., Quint W., Walz J.,
Yamazaki Y., Smorra C. and Ulmer S.: “A 16-parts-
per-trillion measurement of the antiproton-to-
proton charge-mass ratio”, Nature 601, 53 (2022)*

2.Will C., Bohman M., Driscoll T., Wiesinger M.,
Abbass F., Borchert M. J., Devlin J. A., Erlewein S.,
Fleck M., Latacz B., Moller R., Mooser A., Popper
D., Wursten E., Blaum K., Matsuda Y., Ospelkaus
C., Quint W., Walz J., Smorra C. and Ulmer S.:
“Sympathetic Cooling Schemes for Separately
Trapped Ions Coupled via Image Currents”, New
Journal of Physics 24, 3 (2022)*

3.Volksen F., Devlin J. A., Borchert M. J., Erlewein
S. R., Fleck M., Jager J. L., Latacz B. M., Micke P.,



Nuschke P., Umbrazunas G., Wursten E. J., Abbass
F., Bohman M. A., Popper D., Wiesinger M., Will
C., Blaum K., Matsuda Y., Mooser A., Ospelkaus C.,
Smorra C., Soter A., Quint W., Walz J., Yamazaki Y.
and Ulmer S.: “A High-Q Superconducting Toroidal
Medium Frequency Detection System with a
Capacitively Adjustable Frequency Range >180 kHz”,
Review of Scientific Instruments 93, 9 (2022)*

4. Wursten E. J., Borchert M. ], Devlin J. A., Erlewein S.
R., Fleck M., Harrington J. A,, Jiger J. I, Latacz B. M.,
Micke P., Umbrazunas G., Abbass F., Bohman M. A,
Kommu S., Popper D., Wiesinger M., Will C,, Yildiz
H., Blaum K., Matsuda Y., Mooser A., Ospelkaus C.,
Soter A., Quint W., Walz J., Yamazaki Y., Smorra
C. and Ulmer S.: “Testing CPT invariance by high
precision comparisons of the fundamental properties
of protons and antiprotons at BASE", Proceedings of
the Ninth Meeting on CPT and Lorentz Symmetry
(CPT’22), Indiana University, Bloomington, May
17-26 (2022)

5.Abel C., Ayres N. J., Ban G., Bison G., Bodek
K., Bondar V., Chanel E., Chiu P.-J., Clément B.,
Crawford C. B., Daum M., Emmenegger S., Ferraris-
Bouchez L., Fertl M., Flaux P., Fratangelo A., Griffith
W. C., Grujic Z. D., Harris P. G., Hayen L., Hild N,,
Kasprzak M., Kirch K., Knowles P., Koch H.-C,,
Koss P. A., Kozela A., Krempel J., Lauss B., Lefort
T., Lemiére Y., Mohanmurthy P., Naviliat-Cuncic
O., Pais D., Piegsa F. M., Pignol G., Prashanth P.
N., Quéméner G., Rawlik M., Ries D., Rebreyend

D., Roccia S., Rozpedzik D., Schmidt-Wellenburg
P., Schnabel A., Severijns N., Thorne J. A., Virot
R., Weis A., Wursten E., Wyszynski G., Zejma J.
and Zsigmond G.: “Mapping of the magnetic field
to correct systematic effects in a neutron electric
dipole moment experiment”, Physical Review A 106,
032808 (2022)*

6.Abel C., Ayres N. J., Ban G., Bison G., Bodek K.,
Bondar V., Chanel E., Crawford C. B., Daum M.,
Dechenaux B., Emmenegger S., Flaux P., Griffith W.
C., Harris P. G., Kermaidic Y., Kirch K., Komposch
S., Koss P. A., Krempel J., Lauss B., Lefort T.,
Naviliat-Cuncic O., Pais D., Piegsa F. M., Pignol
G., Rawlik M., Ries D., Roccia S., Rozpedzik D.,
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V., Thorne J. A., Weis A., Wursten E. and Zejma J.:
“Search for Ultralight Axion Dark Matter in a Side-
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Signal”, submitted*
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1. Wursten E. J.: “Testing Lorentz and CPT symmetry
with protons and antiprotons at BASE”, RCNP
workshop: Fundamental Physics Using Neutrons
and Atoms, Osaka, Japan, August (2022)
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1. Wursten E. J.: “Studying fundamental symmetries
using antimatter with BASE”, CNS seminar, CNS,
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Numerical Study of Non-linear QED and its Application to High-energy Physics
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1. Hidetoshi Taya, Yusuke Yamada, "QFT approach to
dressed particle processes in preheating and non-
perturbative mechanism in kinematically-forbidden
regime," arXiv:2207.03831

2.Zheng Cao, Koichi Hattori, Masaru
Hongo, Xu-Guang Huang, Hidetoshi Taya,
"Gyrohydrodynamics: Relativistic spinful fluid with
strong vorticity," PTEP 2022 (2022) 7, 071D01*

3.A. Fedotov, A. Ilderton, F. Karbstein, B. King, D.

Seipt, H. Taya, G. Torgrimsson, "Advances in QED
with intense background fields," arXiv:2203.00019
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3.H. Taya, “Enhancement of chirality production from
the vacuum by time-dependent electromagnetic
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Development of non-perturbative methods for investigating the phase structure of QCD
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1.Matsumoto N.: "Comment on the subtlety of
defining a real-time path integral in lattice gauge
theories", Progress of Theoretical and Experimental
Physics, Volume 2022, no.9, 093B03 (2022)*

2.Boyle P, Izubuchi T., Jin L., Jung C., Lehner C.,
Matsumoto N., Tomiya A.: "Use of Schwinger-
Dyson equation in constructing an approximate
trivializing map", Proceedings of Science, Volume
LATTICE2022, 229 (2022)*
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2.Matsumoto N.:"“Comment on the subtlety of defining

a real-time path integral in lattice gauge theories®,
Colorado University informal seminar, Colorado,
USA (online), July (2022)

3. Matsumoto N.:“Comment on the subtlety of defining
a real-time path integral in lattice gauge theories®,
KEK theory seminar, Tsukuba, Japan (online), July
(2022)

4.Boyle P., Izubuchi T, Jin L., Jung C., Lehner C.,
Matsumoto N., Tomiya A.:*Use of Schwinger-Dyson
equation in constructing an approximate trivializing
map“, LATTICE 2022 (Plenary), Bonn, Germany,
August (2022) Matsumoto N.:“Comment on the
subtlety of defining a real-time path integral in
lattice gauge theories®, SIGN 2022, Tel Aviv, Israel,
September (2022)

5.Matsumoto N.:“Comment on the subtlety of defining
a real-time path integral in lattice gauge theories®,
Osaka University Particle Physics Group seminar,
Osaka, Japan (online), July (2022)

6.Matsumoto N.:"Toward conquering critical slowing
down®, HU Berlin/NIC DESY Zeuthen joint lattice
seminar, Germany (online), December (2022)
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Elucidation of enhancement phenomenon on nuclear radii across magic number via

evolution of neutron skin in Sn isotopes
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1. Tanaka M., Takechi M., Homma A., Prochazka A.,
Fukuda M., Nishimura D., Suzuki T., Moriguchi T.,
Ahn D. S., Aimaganbetov A., Amano H., Arakawa
H., Bagchi S., Behr K.-H., Burtebayev N., Chikaato
K., Du H., Fujii T., Fukuda N., Geissel H., Hori
T., Hoshino S., Igosawa R., Ikeda A., Inabe N.,
Inomata K., Itahashi K., Izumikawa T., Kamioka
D., Kanda N., Kato 1., Kenzhina I., Korkulu Z., Kuk
Y., Kusaka K., Matsuta K., Mihara M., Miyata E.,
Nagae D., Nakamura S., Nassurlla M., Nishimuro
K., Nishizuka K., Ohnishi K., Ohtake M., Ohtsubo
T., Omika S., Ong H. J., Ozawa A., Sakurai H.,
Scheidenberger C., Shimizu Y., Sugihara T.,
Sumikama T., Suzuki H., Suzuki S., Takeda H.,
Tanaka Y., Tanaka Y. K., Tanihata I., Wada T.,
Wakayama K., Yagi S., Yamaguchi T., Yanagihara
R., Yanagisawa Y., Yoshida K. and Zholdybayev T.
K.: "Charge-changing cross sections for **'Ca and
effect of charged-particle evaporation induced by
neutron-removal reactions”, Physical Review C, 106
014617 (2022)*.

2.Tanaka M., Brionnet P., Du M., Ezold J., Felker
K., Gall B. J.P., Go S., Grzywacz R. K., Haba H.,
Hagino K., Hogle S., Ishizawa S., Kaji D., Kimura
S., King T. T., Komori Y., Lemon R. K., Leonard M.
G., Morimoto K., Morita K., Nagae D., Naito N,,
Niwase T., Rasco B. C., Roberto J. B., Rykaczewski K.
P., Sakaguchi S., Sakai H., Shigekawa Y., Staracener
D. W, VanCleve S., Wang Y., Washiyama K. and
Yokokita T.: “Probing Optimal Reaction Energy
for Synthesis of Element 119 from *'V+***Cm
Reaction with Quasielastic Barrier Distribution
Measurement”, Journal of the Physical Society of
Japan 91, 084201 (2022)™.

3.Fukutome M., Fukuda M., Tanaka M., Nishimura
D., Takechi M., Ohtsubo T., Mihara M., Matsuta
K., Suzuki T., Yamaguchi T., Izumikawa T., Sato S.,
Fukuda S., Kitagawa A., Takahashi H., Kimura Y.,
Sugawara S., Takatsu K. and Takayama G.: “One-
Neutron Removal Cross Sections for "*N Isomeric
State”, Few-Body Syst. 63, 37 (2022)*
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1. Tanaka M. for nSHE collaboration: “Quasielastic
backscattering measurement for V-51 + Cm-248
reaction toward element-119 synthesis at RIKEN",
TASCA22 19th Workshop on Recoil Separator for
Superheavy Element Chemistry (invited), Online,
May (2022)

2.Tanaka M.: “Nuclear-radius studies via reaction
cross section measurements”, Physics of RI: Recent
progress and perspectives (invited), Online, May
(2022)

3.Tanaka M. for nSHE collaboration: “Optimal
energy for element 119 synthesis via 51V+248Cm
reaction probed by quasielastic barrier distribution
measurement”, Zakopane conference on nuclear
physics 2022, Zakopane, Poland, Sep. (2022)

4.Tanaka M., Takechi M., Homma A., Prochazka A.,
Fukuda M., Nishimura D., Suzuki T and Moriguchi
T. for RIKEN-RIBF123 collaboration: “Charge-
changing cross section measurements for Ca
isotopes and new methods to extract point-proton
radius of exotic unstable nucleus in medium-mass
region”, International Nuclear Physics Conference
2022 (INPC2022), Cape Town, Republic of South
Africa, Sep. (2022)

5.M. Tanaka for nSHE collaboration: “Optimal
reaction energy for synthesis of element 119 via
*'V+***Cm reaction probed by quasielastic barrier
distribution measurement”, 19" International
Conference on Electromagnetic Isotope Separators
and Related Topics (EMIS2022), Daejeon, Korea,
Oct. (2022)
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Core-collapse Supernova Simulations with the General Relativistic Boltzmann-radiation-

hydrodynamics Code
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1.Iwakami, W., Harada, A., Nagakura, H., Akaho,
R., Okawa, H., Furusawa, S., Matsufuru, H.,
Sumiyoshi, K., Yamada, S.: “Principle-axis Analysis
of the Eddington Tensor for the Early Post-bounce
Phase of Rotational Core-collapse Supernovae”, The
Astrophysical Journal, 933, 91 (2022)

2.Suwa, Y., Harada, A., Harada, M., Koshio, Y., Mori,
M., Nakanishi, F., Nakazato, K., Sumiyoshi, K.,
Wendell, R. A.: “Observing Supernova Neutrino
Light Curves with Super-Kamiokande. III.
Extraction of Mass and Radius of Neutron Stars
from Synthetic Data”, The Astrophysical Journal,
934, 15

3. Akaho, R., Harada, A., Nagakura, H., Iwakami, W.,
Okawa, H., Furusawa, S., Matsufuru, H., Sumiyoshi,
K., Yamada, S.: “Protoneutron Star Convection
Simulated with a New General Relativistic
Boltzmann Neutrino Radiation-Hydrodynamics
Code”, The Astrophysical Journal, in print (2023)*
(preprint version: arXiv:2206.01673)

4.Sumiyoshi, K., Furusawa, S., Nagakura, H., Harada,
A., Togashi, H., Nakazato, K., Suzuki, H.: “Effects
of nuclear matter and composition in core-collapse
supernovae and long-term proto-neutron star
cooling”, Progress of Theoretical and Experimental
Physics, in print (2023)* (preprint version:
arXiv:2209.02474)
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1.Harada, A.: “Probing the properties of NS1987A
in SN1987A using neutrino observation data”,
SuperVirtual 2022 -From Common to Exotic
Transients-, Online, Nov. (2022)
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XXI-013 DALLI, 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

DALI presents a number of novelties that make it
unique: it is an innovative proposal for a dark matter
telescope resulted from mounting a haloscope on an
altazimutal platform at an assumable cost increase.
This allows one to carry out axion-astronomy through
the simultaneous observation for DM substructures,
plus the classic (stationary) search for galactic halo
axions. DALI benefits from a high manufacturability
at a reasonable cost. It presents a high sensitivity
over a broad band of frequencies with only minimal
reconfiguration, Finally, dark-photon, another
interesting DM candidate, naturally mixes with

RIKEN Center for Advanced Photonics
Laboratory Head : Chiko OTANI

ordinary photons so it could be also explored by
DALL

@ Publications

Papers

1.De Miguel, J. and Otani, C. “Axion-photon
multimessenger astronomy with giant flares.”
Physical Review D (2022): n. pag. 4, L041302

2.De Miguel, Javier and Otani, C. “Superdense
beaming of axion dark matter in the vicinity of the
light cylinder of pulsars.” Journal of Cosmology
and Astroparticle Physics 2022 (2021): n. pag.
08(2022)026
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Probing Quantum Gravity and Beyond Standard Model of Particle Physics with Quantum

Black Holes
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1.Hayashi T., Kamada K., Oshita N., Yokoyama
J.:*Vacuum decay in the Lorentzian path integral”,
JCAP 05 (2022) 041*

2.Koga ., Oshita N., Ueda K.:“Global study of the



scalar quasinormal modes of Kerr-AdS5 black holes:
Stability, thermality, and horizon area quantization”,
Physical Review D 105 (2022) 12, 12*

3.Oshita N., Motohashi H., Noda S.:“Evaporation of
echoing black holes”, Physical Review D 106 (2022) 4,
4*

4.0Oshita N., Shoji Y., Yamaguchi M.:*Polychronic
Tunneling: New Tunneling Processes
Experiencing Euclidean and Lorentzian Evolution
Simultaneously”, Physical Review D EIRl# *
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1. Oshita N.:*Lorentzian description of vacuum decay”,

PPP2022 (R FYEZDERE 2 0 2 2). Kyoto
(hybrid), August (2022)

2.0Oshita N.:“Thermal ringdown and the excitation of
Kerr overtones”, JGRG31, online, October (2022)

3.Oshita N.:"Black hole ringdown and overtones”, The
15th Asia Pacific Physics Conference, online, August
(2022)

4.Oshita N.:“On the excitation of overtones”, Gravity:
Current challenges in black hole physics and
cosmology, June (2022)
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1. K T#1E “Probing gravity with ringing black holes”,
KEK £ 3+ —(hybrid). 108 (2022)
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Study of Hyperon-Hyperon Interaction in Multi-Strangeness Nuclei
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Real-space Investigation of Topological Superconductivity in Two-Dimensional Van der

Waals Heterostructures
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Magnetic skyrmions with vortex-like spin textures
have been extensively studied in fields of fundamental
physics and spintronics. Recently, antiskyrmions have
attracted much more attention because of their unique
spin configurations with Bloch- and Néel-type domain
walls arising from an anisotropic Dzyaloshinskii-
Moriya interaction (DMI). Driving and controlling
their motions promises skyrmion/antiskyrmion-based
spintronic devices.

In this year, I have studied the formation of stable
antiskyrmion by chemical doping controlled magnetic
anisotropy in (Fe, Ni)3P with S4 symmetry. We
directly observed the in-plane domains (attributed
to the easy-plane anisotropy) transit into easy-
axis anisotropy induced antiskyrmions. We then
demonstrate the formation and control of confined
metastable antiskyrmions by way of quenching the
thermodynamically stable phase in the S4-symmetry
magnet Fel.9Ni0.9Pd0.2P. These antiskyrmions
persist in a wide temperature-magnetic field region,
which importantly includes room temperature and
zero magnetic field. We reveal that the formation
of metastable antiskyrmions depends strongly on
the magnitude of the cooling magnetic field, while
less depends on the cooling rate. We also investigate
the topological transitions among antiskyrmions,
skyrmions, and non-topological bubbles as functions
of temperature and external magnetic field. These
results are very helpful for understanding and
controlling antiskyrmion properties and their
dynamics.

Furthermore, I have investigated the electric current
controlled antiskyrmions dynamics. First, we used
millisecond pulsed current to excite antiskyrmion to
skyrmion transformation. The long-duration pulse
may induce too much Joule heating, which will induce
the temperature increase and the transformation
of skyrmion/antiskyrmions and their annihilation.
These experimental results inspire us to reduce
the pulse width, and try the nanosecond pulsed
current to drive antiskyrmions. We then setup the
nanosecond pulsed current availability system within
Lorentz TEM. We have successfully driven the single
antiskyrmion, antiskyrmion cluster, and antiskyrmion
lattice motions, systematically performed the electric
current j, magnetic B, pulse width dependence of

RIKEN Center for Emergent Matter Science
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antiskyrmion motion, and additionally performed
the current-drive antiskyrmion motion in two kinds
of devices: one is the current flowing along the
Bloch line, the other is the current flowing along the
Bloch Walls. These results have basically reached the
research purpose in present project.
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The present study focuses on the symmetry constraints
on quantum phases in many-body systems. It consists
of the following two parts.

1) Gappability index in quantum-many body systems:
We propose an integral index which characterizes
the degree of ingappability, namely the difficulty to
induce a unique ground state with a nonvanishing
excitation gap, in the presence of a symmetry. It
represents the dimension of the subspace of ambient
uniquely-gapped phases in the entire G-symmetric
parameter space. The celebrated Lieb-Schultz-Mattis
theorem corresponds, in our formulation, to the
case that index vanishes for the symmetry including
translation symmetry. We illustrate the usefulness of
the index by discussing the phase diagram of spin-1/2
antiferromagnets in various dimensions, which do not
necessarily have the translation symmetry.

2) Lieb-Schultz-Mattis ingappabilities from lattice
rotation and duality symmetry:

There are two works on the topic of Lieb-Schultz-
Mattis ingappabilities; symmetry enforces the
system not to have a trivially gapped ground state.
In the first one, we propose a geometric framework
to study quantum many-body systems with discrete
spin-rotation symmetries and lattice inversion
or rotation symmetry, but without translation
symmetry assumed. In the second work, we study
quantum many-body systems which are self-dual
under duality transformation connecting different
symmetry protected topological (SPT) phases. We
provide a geometric explanation of the criticality of
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these self-dual models. More precisely, we show a
ground state (quasi)degeneracy under the periodic
boundary conditions, i.e., the ingappability of the
bulk spectrum. Equivalently, the symmetry group
at criticality, including the duality symmetry, has a
mixed 't Hooft anomaly. This approach can not only
predict the spectrum of the self-dual model with
ordinary 0-form symmetry but also be applied to that
with generalized symmetry, such as higher form and
subsystem symmetry. As an application, we illustrate
our results with several examples in one and two
dimensions, which separate two different SPTs.
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Engineering a Quantum Spin Hall Switching Device at Room Temperature
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Real-space observation of orbital states in strongly correlated electronic systems with
multiple degrees of freedom and its external response
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1.S. Kitou, Y. Kaneko, Y. Tokura, H. Sawa, and T.
Arima: "Direct observation of the valence electron
density distribution in strongly correlated electron
systems”, 29th International Conference on Low
Temperature Physics, P19-SF3B-22, Sapporo, Japan.
August, 18-24, 2022
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Emergent Two-Dimensional Properties on Van der Waals Ultrathin Films and
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BEF—MULEEZKRESTH D, (2) HIB TR
MIEMZERAUc, COMBERRIEBEIFECIBVWE
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@5 £ Publications

(REFHX)

1. Matsuoka H., Habe T., Iwasa Y., Koshino M. &
Nakano M.: “Spontaneous spin-valley polarization
in NbSe, at a van der Waals interface ", Nature
Communications 13, 5129 (2022)*

2.Saika B. K., Hamao S., Majima Y., Huang X,
Matsuoka H., Yoshida S., Kitamura M., Sakano M.,
Hatanaka T., Nomoto T., Hirayama M., Horiba K.,
Kumigashira H., Arita R., Iwasa Y., Nakano M., and
Ishizaka K.: “Signature of topological band crossing
in ferromagnetic Cr,;;NbSe, epitaxial thin film",
Physical Review Research 4,1042021 (2022)*

3.Wang Y., Kajihara S., Matsuoka H., Saika B. K.,
Yamagami K., Takeda Y., Wadati H., Ishizaka
K., Iwasa Y., and Nakano M.: “Layer-Number-

Independent Two-Dimensional Ferromagnetism in
Cr;Te,", Nano Letters 22, 9964-9971 (2022)*
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1.Matsuoka H., Musashi M., Tanaka Y., Endo K.,
Ogawa N., Iwasa Y., Nakano M.: Nonreciprocal
transport properties in a polar Ising superconductor,
Recent Progress in Graphene Research 2022, Online,
November, 2022.

2.Matsuoka H., Habe T., Iwasa Y., Koshino M. &
Nakano M.: Van der Waals interfacial proximity
effect induced spin polarization in NbSe,, Recent
Progress in Graphene Research 2022, Online,
November, 2022.
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4.Matsuoka H., Habe T., Iwasa Y., Koshino M. &
Nakano M.: Spin-valley polarization in NbSe2 at
van der Waals interface, APS March Meeting 2023,
Las Vegas, March, 2023.
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1.Matsuoka H., Habe T., Iwasa Y., Koshino M. &
Nakano M.: Ferromagnetic state in NbSe, at van der
Waals interface, 29th International Conference on
Low Temperature Physics 2022, Sapporo, August,
2022.

XXI-023 Non-Hermitian Topological States

Name: XjaoXiao ZHANG

Host Laboratory: Strong Correlation Theory Research Group

From the beginning of this year, I have two projects
carried over from the previous year. In one work
published this year, we proposed the new concept
of nonequilibrium topological spin texture in the
momentum space, which is based on ultrafast optical
pump-probe ARPES detection of the surface state of
a three-dimensional topological insulator. The main
finding is the emergence of novel nonequilibrium
tornado-like textures in the spin channel and
momentum space, which bear a topological-winding
correspondence to the intrinsic and extrinsic helicity
factors in this light-matter interacting system.

In the other work published this year, motivated by

RIKEN Center for Emergent Matter Science
Laboratory Head : Naoto NAGAOSA

the recent proposal and experimental investigation of
a three-dimensional (3D) quantum Hall effect (QHE)
in Weyl semimetals, we asked the question of whether
this 3D QHE is largely the same as the conventional
2D QHE. If not, this system will be a new quantum
state of matter. We tackled this problem by calculating
the fully 3D mesoscopic quantum transport, based on
wave function scattering or nonequilibrium Green’s
function. We revealed a strong 3D anisotropy in the
quantum transport, where QHE remains intact only
when the current is orthogonal to the Weyl point
alignment. This finding will have a strong impact to
experimentalists.



Combining two topics of our continual interest, spin
texture in momentum space and non-Hermitian
physics, I also worked on an experimentally highly
relevant problem -- although non-Hermitian systems
and related new phenomena are gaining great attention
recently, a pressing issue is the lack of concrete solid-
state proposals accessible to experimental detection.
We bridge this gap by proposing a new platform:
topological insulator surface state with magnet doping
induced relaxation provides the nontrivial non-
Hermitian system; spin-resolved ARPES detects the
non-Hermitian effects. The non-Hermiticity manifests
as exotic spin textures in the energy-momentum
space not seen in the Hermitian counterpart, which
include topological skyrmions, monopoles, merons,
and vortex pairs, depending on the type of non-
Hermiticity. This surpasses the common perspective
of effective non-Hermitian Hamiltonian and opens
much wider observation windows in the spin channel
rarely inspected previously. This work has been
submitted and is under review. A closely related and
subsequent study has also begun, which explores the
further interplay with optical pumping.

@ Publications
Original Paper

1. X.-X. Zhang, N. Nagaosa, Anisotropic 3D quantum
Hall effect and magnetotransport in mesoscopic
Weyl semimetals, Nano Lett. 22, 3033 (2022)

2.X.-X. Zhang, N. Nagaosa, Nonequilibrium
topological spin textures in momentum space, Proc.
Natl. Acad. Sci. 119, €2116976119 (2022)

@ Oral presentations

International conference

1.X.-X. Zhang, ‘Anisotropic 3D Quantum Hall effect
in Weyl semimetals’, International Conference on
Physics and Its Applications, July 18-20, 2022, San
Francisco, USA

University Academic Talk

1.X.-X. Zhang, ‘Dirac quantum material - from
transport to nonequilibrium’, Invited Talk at Kavli
Institute of Theoretical Physics at UCAS, May 9,
2022, Beijing, China

@ Poster presentations

International conference

1.X.-X. Zhang, P22-SF4-05 - ‘Anisotropic 3D
Quantum Hall effect in Weyl semimetals’, 29th
International Conference on Low Temperature
Physics, August 18-24, 2022, Sapporo, Japan

XXI-024  Ab initio Approach for Phase Transitions Induced by Fermion Pairing:

Superconductivity and Exciton Condensation

Name: Hsiao-Yi CHEN
Host Laboratory . First-Principles Materials Science Research Team

While the Pauli exclusion principle forbids the
fermions to occupy the same quantum state, a
composite particle involving an even number of
fermions shows a bosonic identity and follows the
even statistics. Thus, with finite correlation, a fermion
pair can condensate and induce the instability of
the electronic structure to trigger a phase transition
in a crystalline material. While such a mechanism
has been proposed for decades, current theoretical
approaches can only provide qualitative descriptions,
and a quantitative predicting tool is still urgently
desired. Therefore, this research project aims to
develop a numerical methodology free from empirical
parameters to investigate this phenomenon.

Starting from the last fiscal year, we focus on the
condensation of correlated electron-hole pairs,
i.e., excitons. Exciton condensation indicating the
spontaneous formation of electron-hole pair can cause

RIKEN Center for Emergent Matter Science
Laboratory Head : Ryotaro ARITA

the phase transition from a semimetal to an insulator
by a gap opening at the Fermi surface. However, this
excitonic insulator shares several properties with the
charge-density-wave (CDW) state phase, so it is hard
to distinguish them in an experimental setting. While
a numerical study can guide the interpretation of the
measured data and break through the dilemma, the
existing ab initio methods are insufficient since they
can not evaluate the correlation within a many-body
system.

To shed insight into this problem, we generalize the
density functional theory (DFT) by including the
nonlocal part of charge density and rederive the so-
called Kohn-Sham (KS) equation. In contrast to the
standard DFT, our formalism acquires a nonlocal
part in KS-potential, which induces the electron-
hole correlation. Using the many-body perturbation
theory, we can evaluate the nonlocal KS-potential
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self-consistently and solve the excitonic gap at finite
temperatures to compute the transition temperature
and investigate the critical behavior.

With the tool in hand, we apply the theory to study the
candidate material, monolayer TiSe2, for which the
underlying mechanism for the phase transition is still
under debate. Although an early calculation claims
the instability is induced by the anharmonic inter-
atomic interaction and concludes the phase transition
as conventional CDW, the electronic factor is totally
ignored in the study. In contrast, our numerical
computation carefully includes the electron-hole
correlation and shows that the correlation is the origin
of the ordered state observed in this compound.

Opverall, the methodology introduced in this project is
general and paves the way to searching for candidate
excitonic insulators in natural material systems.

@ Publications

1.H.-Y. Chen, T. Nomoto, and R. Arita, “Development
of ab initio method for exciton condensation and its
application to TiSe2.”, arXiv 2208.10019

@ Oral presentations

1.H.-Y. Chen, T. Nomoto, and R. Arita: “Development
of ab initio method for exciton condensation and its
application to TiSe2", Integrated Spectroscopy for
Strong Electron Correlation -Theory, Computation
and Experiment (ISSEC2022), Tokyo, Japan
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Development of Methods for in vivo Hydrogelation Triggered by Benzannulation Reactions
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Photocatalytic Active Intermediate of Organometallic Complex Revealed by
Ultrafast Time-Resolved Spectroelectrochemistry
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BEHIEUCEEDEMICED WA RDZMIRETEAE
MTEZERILENFEEBE/ILAL—H—ZH
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MICHBET D TEREAYEERTED ZFH
NIV BRIE ZHREL. BEIRIETRIBTLBE
BHIRE U, Thickb, [Ru"(bpy)]* EERED
TI—FESOHEEZ BT ENAREEHRD,
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1. Takanashi T., Watanabe H., Iwamura M., Nozaki
K., Shichibu Y., Konishi K., Kuramochi H. and
Tahara T.: “Ultrafast Excited-state Dynamics in
Au Hexa-core Clusters Observed by Femtosecond
Time-resolved Absorption Spectroscopy”, The 24th
International Symposium on the Photochemistry
and Photophysics of Coordination Compounds,
Vancouver, Canada, Jul.(2022)

2.Takanashi T., Watanabe H., Iwamura M., Nozaki K.,
Shichibu Y., Konishi K., Kuramochi H. and Tahara
T.: “Observation of Excited-state Dynamics in Au
Hexa-core Clusters by Femtosecond Time-resolved
Absorption Spectroscopy”, B>V RI DL 1 8E10[0]
EEFIZEME —RANIOFRROFL VLR
F—. Y. 128(2022)
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Molecular Technologies for Artificial Flowering Regulation
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Substrate-Directed Photoredox Catalysis for Selective C-H Functionalization of Amino Acids
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3 H E#REE  “Stereoselective Z-Enamide Synthesis via
Radical Fluoroalkylation of Allylamides with
Fluorocarboxylic Anhydride”. 3O ZEEHESREMN
FHRERR. KEM. 18 (2023)
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Structural and functional analyses of hepatitis B virus

2HROBRFF XTI R (hepatitis B virus :HBV)
DFMBERERN2ABAHEEINTND, —RHIC
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The Role of Functional Interaction Between Microbiota and Epitranscriptome in

Inflammatory Bowel Disease
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@R 5 —F 3k Poster Presentations

1. Hideki Terajima, Mijia Lu, Linda Zhang, Qi Cui,
Yanhong Shi, Jianrong Li and Chuan He : “Né6-
methyladenosine suppresses aberrant interferon
responses by regulating A-to-I RNA editing”, £523[0]
HARNAZERFER, TH#. 78 (2022)
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Investigation for Progression Mechanism of Heart Failure Using Integrative Omics

Approaches to Inherited Cardiomyopathies
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XXI-038 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 PARRISH

Cultured cell lines enable convenient investigation
of cellular responses to viral infection, therapeutic
drugs, and innumerable other stimuli. But humans
are genetically diverse, and this diversity can lead to
substantially different stimulus-response phenotypes
between individuals. Due to various issues including
scale, cost, and reproducibility, traditional cell culture
models are rarely able to account for this genotype-
phenotype diversity. We have now developed a method
for massively multiplexed genotype-phenotype
analysis by leveraging the enormous genetic diversity
present in cells of the immune system. This technology
enables pooled cells to be reliably tracked to their
individual donor-of-origin, allowing stimulus-
response phenotypes among hundreds of genetically

diverse cell donors to be measured simultaneously at
single-cell resolution.

We have applied this method to test the genotype
dependence of stimulus-response phenotypes for
anticancer agents, immune agonists, latent viral
infections, and SARS-CoV-2 (severe acute respiratory
syndrome-coronavirus 2) gene expression. We have
identified donor-specific, sex-specific, and population-
specific patterns of differentially expressed genes
induced by exposure to these various stimuli. These
include sex-specific patterns of long non-coding RNA
(IncRNA) expression induced by Toll-like receptor
(TLR) immune stimulation; a novel generalized
perturbation in immune chemokine and G-protein
coupled receptor (GPCR) signaling induced by SARS-
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CoV-2; and donor-specific gene expression signatures
that may protect or predispose certain individuals to
severe COVID (coronavirus disease). These results
will enable genome-wide association studies (GWAS)
and mapping of gene expression response quantitative
traits (eQTLs), revealing the genetic underpinnings of
human diseases and informing potential therapeutic
interventions including personalized medicines.

@ Publications

Original Paper

1.Kojima S., Koyama S., Ka M., Saito Y., Parrish
E.H., Endo M., Takata S., Mizukoshi M., Hikino
K., Takeda A., Gelinas A.F., Heaton S.M., Koide R.,
Kamada A.]., Noguchi M., Hamada M., Biobank
Japan Project Consortium, Kamatani Y., Murakawa
Y., Ishigaki K., Nakamura Y., Ito K., Terao C.,
Momozawa Y., Parrish N.F.: Mobile elements in
human population-specific genome and phenotype
divergence. bioRxiv (2022) published

Review Article

1.Heaton S.M., Gorry P.R. and Borg N.A.: DExD/
H-box helicases in HIV-1 replication and their
inhibition. Trends Microbiol. (in print) *

@ Oral Presentations

Conference

1.Heaton S.M.: “Querying the genotype-dependence
of stimulus-response phenotypes using single-
cell sequencing of genetically diverse human cell
libraries”, 45th Annual Meeting of the Molecular
Biological Society of Japan (MBS]J), Chiba Japan,
Nov30-Dec2 (2022)

International Conference

1.Heaton S.M.: “Querying the genotype-dependence
of stimulus-response phenotypes using single-
cell sequencing of genetically diverse human cell
libraries”, RIKEN-Karolinska Institutet (RIKEN-KI)
Bioinformatics Exchange Program, Solna Sweden,
Octl12-21 (2022)

XXI-039 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

Humans have a remarkable ability to reproduce motor
skills in an effector-independent manner, for example
by using different tools or even different hands to
complete the same goals. Transfer of skills from one
hand to the other, known as intermanual transfer,
can occur in extrinsic, world-centric coordinates or
in an intrinsic, body-centric coordinate frame. It is
controversial whether transfer of skills is stronger
in the intrinsic or extrinsic coordinate system. Our
eventual goal in this project is to investigate how
humans can learn motor skills with robotic assistance,
by using a robot to mirror movements from one hand
to the other. Towards this goal, we first investigated
how motor skills transfer between hands at a baseline
level, without using help from a robot. In an initial
pilot experiment (N=24), participants learned two
different 5-button sequences with their right hand
on one day, then reproduced these sequences on a
second day with their left hand, either as an extrinsic
mirror or as an intrinsic mirror. Both sequences
were produced faster than a novel sequence with

RIKEN Center for Brain Science
Laboratory Head . Kazuhisa SHIBATA

the left hand, but not as fast as a left-hand sequence
trained during day 1. The extrinsic mirror was
reproduced faster than the intrinsic mirror, but was
hypothesized to be due to extrinsic coordinate cues
within the experimental design. Therefore, a follow-
up experiment (N=30) was conducted to investigate
the effect of the cued coordinate system. Ten 9-button
sequences were selected to be trained with the right
hand over two days, with identical training for all 30
participants: sequences were cued with each finger
of the right hand numbered 1-5 from left to right
(thumb=1). On day 3, participants were evenly split
into extrinsic (thumb=5) and intrinsic (thumb=1)
coordinate groups for testing with the left hand. Both
intrinsic and extrinsic mirrors of the ten sequences
were tested on day 3 (20 sequences total). Participants
showed a significant bias towards congruent cues
and mirrors: intrinsic mirrors were reproduced
significantly faster for the intrinsic coordinate
group, and vice versa. This congruency bias was also
related to participants’ skill level as baseline: faster
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participants at the end of day 2 were even faster at
the congruent cue-mirror pair compared to slower
participants. Finally, we investigated the structure of
sequence executions and how it related to skill transfer,
using the inter-press interval (IPI) of button presses.
We correlated the IPI patterns for each participant at
the end of day 2 with their IPI patterns of the same
mirrored sequences during day 3. For the intrinsic
coordinate group, we found a significant correlation
between faster congruent sequence executions and IPI
pattern matching, while no such relationship existed
within the extrinsic coordinate group, suggesting
that chunking of motor sequences may transfer more
readily for intrinsic mirrors than extrinsic mirrors.

Overall, our results demonstrate that intermanual
motor skill transfer depends heavily on the context
during testing: although all participants experienced
the exact same training for the first two days, their
observed ability on the third day varied significantly
based on the cued coordinate system. Furthermore,
the degree of skill transfer and timing of movements
depended on participants' baseline skill and assigned
coordinate system. These results provide insight into
the mechanisms of motor skill transfer and will also
serve as a baseline for further experiments using
robotic assistance to investigate the sense of agency
and intermanual skill transfer.

XXI-040 Emergent Prosocial Behavior During Dynamic Human Group Formation

Name: Ryan Paul BADMAN
Host Laboratory: Social Value Decision Making Collaboration Unit

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

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

Laboratory Head : Rei AKAISHI

even in larger groups. However, subjects became
more forgiving as group size increased, with higher
cooperation rates that resulted in larger group sizes
being maintained from partners breaking social ties
less (despite defection being more optimal for score).
Response time (RT) also increased with group size,
suggesting larger group sizes required more cognitive
load to process, while there was a default preference
shift from faster RT for defect in dyads to faster RT
for cooperate in larger groups. Larger group sizes
were associated with changes in both activity and
connectivity within brain networks that have been
associated with social cognition, working memory,
and deliberation. Overall, humans seem to default
to more cooperative strategies in groups partly due
to intrinsic preference for larger group sizes, and the
observed prosocial behavioral transitions may be
mediated by interactions/conflicts between intrinsic
valuation of social connections, extrinsic valuation of
material reward, and cognitive load.

@ Publication of Original Papers

1. Badman, R.P,, Nordstrom, R., Ueda, M. and Akaishi,
R., 2022. Perceptions of Social Rigidity Predict
Loneliness Across the Japanese Population. Psyarxiv.
(2022).

2.Badman, R. P., Zajkowski, W., Haruno, M., &
Akaishi, R.: Emergent prosocial behavior during
dynamic human group formation. Psyarxiv. (2021).

3.Badman, R.P., Wang, A.X., Skrodzki, M., Cho, H.C.,
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Aguilar-Lleyda, D., Shiono, N., Yoo, S.B.M., Chiang,
Y.S. and Akaishi, R., 2022. Trust in Institutions,
Not in Political Leaders, Determines Compliance
in COVID-19 Prevention Measures within Societies
across the Globe. Behavioral Sciences, 12(6), p.170.

@ Poster Presentation Conference
1.-Badman, R. P., Zajkowski, W., Haruno, M., &
Akaishi, R.: The Precuneus Mediates Prosocial

Phase Transitions During Human Group Formation.
RIKEN CBS Lab Summer Poster Session, Wako
Campus of RIKEN, Japan 2022, July 4.

2.-Badman, R. P., Zajkowski, W., Haruno, M., &
Akaishi, R.: Neural Bases of Prosocial Phase
Transitions During Human Group Formation.
RIKEN CBS - Toyota Collaboration Center (BTCC)
Summer Retreat, Wako Campus of RIKEN, Japan
2022, July 26.
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The effects of extracellular matrix and cell adhesion molecules on extension, retraction and
pruning of sensory nerve endings, and their application to pathology
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1.Matsuyama A. and Okada T. "Axon growth
inhibitory molecule Nogo regulates sensory
neuron innervation of epidermis”, The 47t Annual
Meeting of the Japanese Society for Investigative
Dermatology, Nagasaki, Japan, Dec.(2021)

@R 5 —353k Poster Presentations
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1.Matsuyama A. and Okada T. “Axon growth
inhibitory molecule Nogo regulates sensory
neuron innervation of epidermis”, The 47" Annual
Meeting of the Japanese Society for Investigative
Dermatology, Nagasaki, Japan, Dec.(2021)

—115—



XXI-042  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

In interdisciplinary projects the interaction between
research groups of different fields is an important
factor for the overall success and efficiency of the
project. Bringing together different areas of expertise,
such as computer science and life science, is frequently
difficult. The goal of this project is to establish a
collaborative web-platform for brain image analysis,
which integrates artificial intelligence into algorithms
to enable users from different disciplines to set up a
dynamic processing pipeline tailored to their data and
automatically improves from user provided feedback.
Researchers from different labs can leverage the
results of artificial intelligence driven algorithms to do
analysis of MRI and microscopic images, like neuronal
tracer data. The goal is two-fold: Firstly, researchers
should be able upload, process, analyze their data
sets with the possibility to leverage the results of
algorithms in the early prototype stage. Secondly, we
use the collaborative system to incrementally improve
the developed algorithms by allowing users to provide
feedback utilizing data annotations by the means of
an intuitive web-browser interface. The focus is on
integrating artificial intelligence into algorithms for
users to set up and interact with a dynamic processing
pipeline tailored to their data which automatically
improves by learning from user provided feedback.

In the past year we focused on establishing such
a platform and integrated existing projects, such
as Brain/MINDS for processing marmoset brain
images. Furthermore, we started a new collaboration,
and developed an initial pipeline for processing
microscopy images of Drosophila fruit fly brain
images. This pipeline includes the extraction of
neuronal structures, the registration to an existing

reference space (Bogovic et al. 2020) and the
identification of the segmented neurons.

The general idea is that the system will improve itself
over time in these two key areas, image registration
and image segmentation. The more data and
annotations are added the better the performance of
the underlying system and the less additional user
corrections are required. Once the system has been
trained, it will be able to perform all tasks without any
supervision.

We will include (anatomical) landmarks into the
pipeline, which can be added by users in regions
where registration algorithms have difficulties finding
an optimal mapping, and provide Al-tools which use
these landmarks to improve over time.

We want to establish a fully automated landmark-
based registration pipeline, where user annotations
are included in the training. We will establish a neural
network-based approach for learning anatomical
landmarks from an initial set of landmarks. Further
landmarks can be manually added within the online
platform and will be used to adapt and refine the
existing underlying neural network.

Another important aspect is image segmentation to
support different tasks of quantitative analysis. We
will establish a fully automated image segmentation
pipeline based on neural networks which can learn
and improve over time from user annotations.
New objects can be learned by providing initial
segmentation masks or annotated regions. For the
adaptation and refinement of the network, we will
include user annotations in the form of corrected
segmentation masks.
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The role of hub neurons in wide-field cortical neural activity underlying perception
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@:t L #3R Publications
#3)

1.Ota K., Murayama M.: “Breaking trade-offs:
Development of fast, high-resolution, wide-field
two-photon microscopes to reveal the computational

principles of the brain”, Neuroscience Research, 179
3-14 (2022)

@R A5 —%3 Poster Presentations

1. Uwamori H., Murayama M.: “Fast and wide field-
of-view two-photon microscopy enabling multi-
plane imaging with three-dimensional single-cell
optogenetics”, The 1t Joint Presentation for Young
Scientists, RIKEN, 2022.
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XXI-044 Towards twisted light devices with single-walled carbon nanotubes

Name: Chee Fai FONG
Host Laboratory: Nanoscale Quantum Photonics Laboratory

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

We propose and experimentally verify a novel type
of photonic nanocavity that is suitable for coupling
to carbon nanotubes. To form this cavity, we first

RIKEN Cluster for Pioneering Research
Laboratory Head : Yuichiro KATO

prepare photonic crystal waveguides using standard
nanofabrication techniques, then we deposit a
suitably-sized flakes of 2D material such as hexagonal
boron nitride onto the waveguides such that the flake
only covers the middle portion of the waveguides.
Based on finite-difference time-domain simulations,
2D material/waveguide heterocavities could support
cavities with high Q-factors approaching 107. By
performing photoluminescence and transmission
measurements, we were able to verify the formation
of such heterocavities, with one particular sample
showing a high Q-factor of ~400 000. By using
the anthracene dry transfer technique developed
in our group, we can pick-up and transfer carbon
nanotubes onto the heterocavity to enable light-matter
interactions.

@ Oral Presentations

Conference

1.C. F. Fong, Y. Ota, Y. Arakawa, S. Iwamoto, Y. K.
Kato, “Intrinsically chiral modes near exceptional
points in modified H1 photonic crystal cavity
modes,” Conference on Lasers and Electro-Optics
(CLEO 2022), San Jose, USA (May 16, 2022)
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Development of Soft X-ray Multidimensional Imaging System
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HEEEMEE(CHO K-1) 2317 OREkF vo/NICEAL
TEHREL. RFESNEDBREBZZENTEco X
RSB ICEHRI A—Y 52 2126, £l
FEEN S ofce 7T LRLRICEKZ VTV Ty
NEXRICEIDEZLFZOMIBOEZIRZZIENTE
%o

O®[15EH X Oral Presentations

1.S. Egawa, G. Yamaguchi, S. Owada, S. Yokomae,
T. Kimura, M. Shimura, Y. Takeo, K. Sakurai, N.
Furuya, H. Motoyama, K. Tono, M. Yabashi, Y.
Yamagata, and H. Mimura, “Development of a soft
X-ray full-field microscope at SACLA,” International
conference on X-ray optics and applications,
Yokohama, Japan, 19-21 April, 2022.

2. DIE. RFIERGEE. AERS, SN XD, TERF.
BHR, HAE RLRA IWORK, &Ik, &
BRN RERE. =NF. TBE/ULZABRXIRL —
P—ICEBREEAA—I VT B1AEREAFERE
FHASRERBSAALTUDIHREKXBERZ . R
AERZF, 202259R1H~9A2H

3GT)IE. BAIR TEB T faE. Eaki. K
HBGE. RIEHRH. AES, SR KD, T XHRFEL
ERMREILIC K BKPDEFHRBDERE . 536EI1H
AN FREFR - WEARERRYVIRY VA, I
MEEAFUDI - <SOFv/NZ, 2023F1A7H~1
HoH

XXI-046 Experiment-based Mechanistic Modeling of Lumen Formation and

Remodeling Principles in Tubulogenesis

Name: Swe Soe MAUNG YE
Host Laboratory . Laboratory for Vascular Morphogenesis

Despite growing evidence that physiological blood
flow is necessary for healthy organism development,
the mechanisms of how blood flow forces regulate
the various stages of angiogenesis is not established.
Hence, I combine computational modeling with
experiments on zebrafish to study the role of
hemodynamic forces in the regulation of blood vessel
lumen expansion and vascular network pattern.
A semi-automated blood flow imaging and data
processing method was established for the analysis
of blood flow in embryos/larvae between 2 to 6
days post fertilization (dpf). The high-throughput
analysis indicated a peaking of flow velocities at
2 - 3 dpf and reductions in both flow and stress
gradients towards 6 dpf thereafter. Next, I focused
on the 2-dpf stage for a high resolution calculation
the flow forces during lumen remodeling. For
this, I developed a computational fluid dynamics
(CFD) model of red blood cell (RBC) and plasma
flow in the microvascular networks. Flow-imaging
data provided population-averaged flow boundary
conditions for the CFD model. The model predicted
that reduction in arterial pressure in zebrafish with

RIKEN Center for Biosystems Dynamics Research
Laboratory Head : Kun PHNG

vessel networks of reduced diameter (Marcksll
knock-out) enabled network WSS to be maintained
at levels similar to wild type control - suggesting a
systemic regulation of hemodynamics to maintain
setpoint WSS despite local diameter changes. On the
other hand, non-stereotypical network patterning as
seen with arterial venous shunt formation in PlxnD1
knock-down morphants exacerbated flow and WSS
distribution asymmetry - suggesting that network
mis-patterning may lead to loss of flow adaptability
and ability to maintain physiological WSS. Lastly, a
caveolinl transgenic zebrafish line was established
for visualization of tension in endothelial cells (ECs)
lining the blood vessel lumen. Subsequently, I will
study how membrane tension and EC reorganization
interplay during vessel lumen expansion (1 - 2 dpf).

@ Publications:

Original Papers

1.Ye SSM, Kim JK, Carretero NT, Phng L-K. High-
Throughput Imaging of Blood Flow Reveals
Developmental Changes in Distribution Patterns of
Hemodynamic Quantities in Developing Zebrafish.
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Front Physiol 13:881929. (2022) published”

2.Ye SSM, Phng L-K. A cell-and-plasma numerical
model reveals hemodynamic stress and flow
adaptation in zebrafish microvessels after
morphological alteration. Biorxiv 2022.12.07.519059.
(2022) submitted

@ Oral Presentations

Conferences

1.Ye SSM. and Phng L-K.: “Mapping hemodynamic
forces in zebrafish vascular networks through
numerical modelling", 55" JSDB annual meeting (6'®
June 2022)

2.Ye SSM. and Phng L-K.: “Mapping hemodynamic
stresses in microvascular networks using microscopy
and numerical modeling", RIKEN BDR Organoid

Project Annual Meeting (234 Dec 2022)

@ Poster Presentations

Conferences

1. Ye SSM. and Phng L-K.: “Mapping hemodynamic
forces in zebrafish vascular networks through
numerical modelling", 55" JSDB annual meeting (6"
June 2022)

2.Ye SSM. and Phng L-K.: “Mapping hemodynamic
forces in zebrafish vascular networks through
numerical modelling", RIKEN BDR Retreat (9t Nov
2022)

3.Ye SSM. and Phng L-K.: “Mapping hemodynamic
stresses in microvascular networks using microscopy
and numerical modeling", RIKEN BDR Organoid
Project Annual Meeting (2374 Dec 2022)
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Development of Very Large Wolter Mirrors and Their Applications to X-ray Microscopes

and Telescopes

@EW%‘*\‘J%‘*&%@'IE% LY ZDMRETRED &
E-oTHBEETIEBV, BHBEORKRE - B5EF. Xt
#%bzzd){’ﬁibﬁﬁﬁﬁaﬁﬁmid)tt‘éaééﬁaﬁEl%iﬂl(NA) )
BElCLDRED, —A. BENRNERRICHDLERE

TlF BVEBEOARS S TREE - AZIHRED, &£
DS B REEMER - BRFEDRIRDo, BEMNS XIR-
AVRIRICEZFTORRZMDI ENA - KEELRN
MLV XDORENEDSNTE e, LM UENS XIRE
BT XBROBRROES - TRILF—DFIDZ I,
AFEAERHIFEDBENA - KEFEAETYL Y XIFERL
TWEW, AARDBENIE. ERDXIEAFZRFELER
UTHREWICKREANA - BREBEZRHETDXES
S—DORFEL. TOXREME BREANDIGHTH 5,
INET MEOBEBH TOEAER—X &L, EX
BEBAEIAIY—IZ—DERBERIERICERDEA
T&ET,

AEEF, BEER60mMmM, £2R220mm DX IR EzHE
BAoALY—25—%FRL. ZDHEERE% SPring
—8BL2OXUICHEWTFMLTco RER TIE, AZF—
D AT DHKDIARY IV —F DR E % LB 55 fEEE
HUYEEEITDIEERTIENTE L, RRICEDES

AREKS - ILO =K Gota YAMAGUCHI
ZAMRE | BEARERR Y5 —
FIAY X7 LRSI FTERRT
SACLA E—L51 VEBIIL—TF
E—LZ1 VHEEF—LA
(FFER RIiE K4)
nicofRee - REEES LIS, KBEAOT Y R
FOXSI—4DERELTARIZT—ZAWHBICES
BSRIZEHREICOVWTTF R EED TN D,

IS, VAT —ZT—DXBEHAA—I 2 TAD
ISRICEF e > 7 SRFEEEDTco VAT —IF7—D
ES5BENAENREKTFE, SPring—8P SACLAZRED
BIEEXRNREEEAEDENE ETEME IR
ROHLWEHDHDRALD T/ ATr—IILilEEzs
RICAIFET B ENTED, REEF XIRAV TV
ROV ST EANDIGEICHE T, RENER> I 2L —>3
VICEDKHRTA. BRBEROT —YUE. 5EFHM
BRRHBARDZNZNICOVWTHIRZ DIz, S,
SPring —8R KU'SACLADE—LT A VICEERICA X —
IV T IRT LS LS Z ORI D B

O[EEF K Oral Presentations

1. Yamaguchi G., Ito A., Kume T., Matsuzawa Y., Saito
T., Hiraguri K., Takigawa A., Sakuta K., Ampuku K.,
Kashiwakura K., Shimura T., Okada K., Yoshihira
K., Kanoh T., Ishida N., Tamura K., Miyata K.,
Mitsuishi I., Hashizume H., Yabashi M. and Mimura
H.: “Fabrication of nickel electroformed mirrors
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for lightweight and high-resolution Wolter type-I
telescopes”, XOPT 2022 (International Conference
on X-ray Optics and Application), Yokohama, Japan,
April(2022)

2. IUASK, ILEHEF BPEA FEEE Ak
FHEFEFMEB, RRE—. ILRFA, KEHRE - SZEHE
DEREEXFELA > SV ROT S 7« DRF". 536[0
BARSAZRESR - BEARZARYVIRITL,
EEm. 18(2023)

@R A5 —%3 Poster Presentations

1. Yamaguchi G., Yamada J., Tanaka Y., Ito A., Osaka
T., Ichiro L., Inubushi Y., Yamauchi K. and Yabashi
M.: “Hard X-ray phase-contrast microscopy
with Wolter III-advanced KB optics”, iSAP2022
(International Symposium on Advanced Photonics),
Hamamatsu, Japan, Oct. (2022)

XXI-048 B FIRARMEZAET AN A 7V v FRTBEE < A 7 0 RS O B3

Development of quantum-limited microwave amplifiers using hybrid superconducting

circuits

NENA VTV 5V ZADOEEZFAUCETREISIE
#a(Kinetic-inductance Traveling-Wave Parametric
Amplifier : KTWPA) ORI, Microwave Kinetic
Inductance Detector (MKID) % &EDFEEN T RER
AetERERPEFEYNDORAH UBESRE UG
FEEEEH TN,

MKIDADIGAELTIE, COBIEIRZIIRIBIRIE &
UTERATZIET A ULNAIOKRICE>TED S
ENFICL>TEISRISINZIBENOMEEZLEL. &
REGHANZERIRTES, BLEEFIVE1—YDH
HEUADISAELTIE. COBIESRIF4K E RIS
BECHIMETESH. AKTHERI N EERIEIESS
ODRPDELTERT DI EMNTED, FhICKD—EHN
BREERIEFEER CHBEBII0MWHEDKRERHES
NETIUWEEE TR LN TE HREFTESINTL
31000EDBIEEFEY NEBH ULEFIVE1—
YDOFmHHEUICERIIETED, I5IC, FES T, #EkD
BLEEFERICHNTHSMENBVAD S, S
BRENMARAEVEFEY NOFRAE UEESREL
THEENEEDDDH S,

SHEEF. KTWPAZRFK T2 L TEERHEN TV
U5 ADTHBME NENA VTV 5V ADERKEE
DO ZITofce Ffew TNSDRAENSTBEONLHER
ZHICKTWPADER Z T o fce WEMA VIV T VR
O/ H—T v I BIOHIRFZER L. HFWA
VYUY ADOERMKFIEFAMIE. Bragg mirror & IE
EN37I)LY—ICHIREREZHRALT/INA XZFERL
foo AIEDHER. HAIRFBD OHIREER I ZENTE

MERERS © &R 308 Hiroki KUTSUMA

RAAEE  EFIVE1—FIAREVFT—
BIEEFILY NOZI AMRF—L
(FFER ™ %&E)

feo Elon TINAAREZRBUBNSAET DI ET
FITMRLDBEBRAZNA VT V5V ADRERT
MEBRKEEZETIVET DI EICEIILIZ, In5
DRAEERZEEZT. EEOKTWPADERE fER%Z
1To7co KTWPAIFH91.5cm2DF v 7D EICIE2 um D
iR Zz20cm U &R T B, 2D, BIFEEDRMHE
DHEDBL LYZANBHERICTAMTIDTH/Y—
VICHE->TUES LIS E U TERATER W, /FEIEE
HEBDIH, RABRIKRERST I ET, SEFICHE
BEIRZ DI ENTE . el MEDLHDHEAEL
RIBOBELSERICTET U,

@t L3 Publications

((CE-F:3°9)

1. Sueno Y., Honda S., Kutsuma H., Mima S., Otani C.,
Oguri S., Suzuki J., and Tajima O.: “Characterization
of two-level- system noise for a microwave kinetic

inductance detector comprising niobium film on a silicon
substrate”, Progress of Theoretical Physics 2022, 3 (2022)*

O@[5EH X Oral Presentations

1.Kutsuma H., Baselmans J., Bueno J., Endo A.,
Hattori M., Honda S., Huiting R., Karatsu K., Otani
C., Sueno Y., Tajima O. : “Development of a design
optimization method for hybrid-type MKIDs", HZ&
RAXFR2022FFFKR. AV 51>, 3A(2022)

2. % 55, C. W. Sandbo Chang, B HIE 8L, FHaAE.
HEFER. EFEF RIS, FRNEE [ HFEW
AVEVY Y ZETREICTANY v 18185 (C 1A
B ZATF 5 EROFHE . BAYEFER2022
FUEFERR. RREFERKX, 9A(2022)
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Developments of a “Persistent-Current”, “Helium-Free” and “Self-Protected” High-

Temperature Superconducting Magnet

fREKSA -

ZAHRE :

KRE & Yu SUETOMI
EamEENEMEE Y 5 —

SRBEERAI. RS - NE - EaHIXME
WoeFRZH2D, RELHBHSERICE>TWA
W EROHABRFETIE(a) HARE. (b) XAE
TEE, () ARESHZ2 THIZLLEBENAEER
BEEEBADRILEWHTH D, ThicHLT £
ENERUBAEBGEL 1V —%(intra-Layer No-
Insulation:LNI)E(E. EEE3 DO ZRRICHEZE 5,
LNDER. BAERZBICIAEEE DO — N EBALBRIS,
BEAEINTWRAWSRBEERM ZEIRT 2FE
THO. WY —h % (a) BAREICHERERTORE.
Fiz(c) BEESHITDEBISH/INREVUTERTES,
KIFE T INGREBHIC3DDEINERE B U
BWLERBCERADHAZEIET. AEEOHR%
TRICTRT,

BEOHMEZEMNE LT, AEBIETHS/E00
MHz(21T #%) NMR BB BB HA DR ZEML
foo HEREBO YA XZNBCT BIcdDic. AV F—/Y
FRESZRALHUWSIREEDOE. BasAmOD
BRADEEN - HREOERNRELERH U, £
foo BRETUICHEAICK U FEFEEBEUBERTI—
REAWT BEERADRERRTHD VIV FICK
9% (a) BAREDMHREZTME L. AEAIR/NE - &
ERBEBEGICI>TEVWIRILF—BEERFL. &
SRR TIFREDN R TRE ARG TH DD LNIEIC K>
THAZRELEDIENHASHICARoT, 12U, 187
Y — MO BT EMIEF R 0., 2 ~100m Qcm?
ROMBEICHIE T Z2RENH D,

P ZBIH T 2 HMDRNZRBE L. MROEIREB
GIRMERWCETILRROER, HEERITHZIRF
VEIRRIC, BMENLBRNEVWERN(IZ 771N K
CRECEEM I RF e AW TEMAEZER TS
ET FRED~100m Qcm? kD o NESNB T EN

MBS YT Ry MRITIRI= Y b
(FFER #E i)
D olce =T EMAEDESOIF. BalckExlU
1B D o FIEOERLEIREE L TEFS5 NS,

(a) BARENFIREARLNDEICK LT () AR E]
ZHEAUBEOSIIFEICDOWTHERTZAWCEE
UTco BARELDH 2 E—DEICI L TEMEERETZE
MUICIER. ERNSIKETRHTBDIC, ERFED
=RBEERA TIEH8 SREDAHKEZZLIcDIC
XU, LNIZRBEEHA TIEHI2RRE ICEETEd T
ENASHC BT, INIERBLEHA L. BRAR
ICBEENRWAY— 2B LTWS o, ERDOEER
BLEHALDOSHEEL R LTS,

@it EH & Publications

(¥a5r)

LKRE . WE e L4 P—4%REBCOITILDY
TV F{REEICMIT fc intra-Layer No-Insulation(LNI)
EDORR RRIF, 57555 (2022)*

®[EEH % Oral Presentations

1.RE 6. B Bt 5B 8B M\ BN EF
it “mE/BH AlI-HTS 900 MHz NMR A IC@ T o
intra-Layer No-Insulation (LNI) REBCO J-1/L D&%
FHRE " 2022FEKEE 1040 ERTH - BEEF
SMRRERR. IKE. 128 (2022)

2. @+ B, RE . BREE. 5 8H. MWW EM
WE HhC - EEMT/RF 2 %Z AL\ intra-Layer No-
Insulation(LNI) REBCO 3 )L i 35 477 S Il 2 1
D", 2022FEMEFE104E EETY - BBHF
RMFRFERR. IRE. 125(2022)

3.Suetomi Y., Yanagisawa Y., Yamazaki T., Ono M.,
Hamada M., Saito K. and Maeda H.: “Quench
protection study on

4.an intra-layer no-insulation (LNI) REBCO coil in
a 1.3 GHz (30.5 T) LTS / HTS magnet”, Applied
Superconductivity Conference 2022, Honolulu
Hawai US, Oct. (2022)
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Measurements of Black Hole Spins Based on Multi-wavelength Observations and Its

Cosmological Interpretation

EXRGIRADHLICIE. KEDOIOOAEU EHDESE
L7225 BEKRT Z vV R—JL(SMBH : super-massive
black hole) NEENICEETDEEZSNTWD, Z
LT, FNSESMBHAMNED K SICLTHRELTCE DM
ERXZICRBTDRERHED—DOTH B, ERMBEZE
LT SMBHAA AN EEULDDOBEELTHR T Z5E
& EBEOSMBHAER T 2HEENEZIS NS, ZLT.
EESHERICEEMNTL>TSMBHOBERAE Y AE
tT2EEISNTVNS, ZDLSH. REERIUTO
KOBAREED, (1) FTHABRBEDEEEZER
MICERT DIDICHBERH REEFH SMBH D/
FPARY YT EEEZTHDIC. SUKRERBVWER
BREEREBEU L, (2) SMBHEEKICKZHREDATAEE
Ziham 9 Dlcolc. BRI DRID SMBHERDIEH. F
RERRT—YICLBMRZEDT, (3) EEDOREY
DFHAICEZ D EEZ 5N TWS SMBHIC K2 E#5IE
BERKICOVWT, RPAXFEZRAWIEE ORI Z R
Z{To7ce

@55 £k Publications

(REF®X)

1. Kawamuro T., Ricci C., Imanishi M., Mushotzky
R. F., Izumi T., Ricci F., Bauer F. E., Koss M. J.,
Trakhtenbrot B., Ichikawa K., Rojas A. F., Smith
K. L., Shimizu T., Oh K., den Brok J. S., Baba S,,
Balokovi¢ M., Chang C.-S.; Kakkad D., Pfeifle R.
W., Privon G. C., Temple M. J., Ueda Y., Harrison
F., Powell M., C.; Stern D., Urry M., and Sanders D.
B.: “BASS XXXII: Studying the Nuclear Millimeter-
wave Continuum Emission of AGNs with ALMA at
Scales <100-200 pc”, Astrophysical Journal, 938, 1,
87 (2022)*

2.Gandhi P., Kawamuro T., et al., Diaz Trigo M.,
Paice J. A., Boorman P. G., Gappi M., Fabian A.

ARERS @ JIIZE K% Taiki KAWAMURO

RAMRE : FHRAFREAR
BREBREARRREMBEMNE T —L
(FFER EF #H)

C., Fukumura K., Garcia J. A., Greenwell C. L.,
Guainazzi M., Makishima K., Tashiro M. S., Tomaru
R., Tombesi F., and Ueda Y.: “Frontiers in accretion
physics at high X-ray spectral resolution”, Nature
Astronomy, 6 1364-1375 (2022)*

O[IEE% % Oral Presentations

(=

LJIIZE XA, Ricci Claudio, RIE, STEER, FHK
7, Nguyen D. Dieu, APG#F: “Chandra & ALMA
CO(J=2-1) T—% %MWz AGN D X #RIR&HEZ
AR ICEZBHEDME, BARXZER202F5F

=, 55, BE, 20224354

2.Kawamuro T.: “Tight Relation between X-ray and
Millimeter Emission in Nearby AGNs Revealed by
ALMA’, Chile-Japan Academic Forum at Los Lagos
2022, Puerto Montt, Chile, Dec. 2022

3.Kawamuro T.: “Study of Geometrical and Multi-
phase-gas Properties of the AGN Torus with
XRISM and Other Observatories”, Multiwavelength
observation with XRISM, Chiba, Japan, Dec. 2022

4.Kawamuro T.: “Discovery of a Tight Correlation
between Mm-wave and X-ray emission for Hard
X-ray Selected Nearby AGNs”, Kyoto, Japan, Feb.
2022

(€24 -)

1.Kawamuro T.: “X-ray and Millimeter Studies of
AGN X-ray-driven Feedback”. IDHBFEI AV
A, 2022558

2NERFBL XREYTI - SURDBZERE 7 EAE
HHTRZBERT 7V I R—ILDSIRANDEE ",
VH - ®IRLF-RXEIOFVA BR BE,
2022458

BNNERE XREYTIY - SURDEZER DR
ATHRBBERT Z Y 7 IR—ILH SIRANDFEE ",
§5433/W50/58 =, A > 51>, 2022567H
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Homotopical characterization of the s-invariant and its applications.

'Khovanov homology i I&. 2000 £E (T M.
Khovanov #‘TJones ZIEAXDE &L & U THER
Ve OCBDOREOY—BH TH . 's-FEE) IF
Khovanov MEOY—EFHMNSID HEDEHEOR
ZETH Do SSAEEFDORENKBALRENEZ W
M ZILF—FROFIFEA®, Conway fETEDIERZ
A AEDHIEICAWSBRE, MADIEBRRISHEDLH 2.
ARRIE s-FAEEZEZFEHWORENE—GRN) ([THFHD
17T S5RBILAZTSCEZBELTWS,

KEEICIEZDRIEE %5, Bar-Natan IRENE—EY
DL ICBT 2RI RFEI NI, ThedfTLT 6
B SEBABK(EBRE) EOfERIZITVL. 11
BIIEEHIXDTI L) v M ERB U,

@:t LK Publications

1.Taketo Sano: “A Bar-Natan homotopy type’,
International Journal of Mathematics. (Accepted
Dec 2022, publication in progress)

O[SEF K Oral Presentations

1.Sano T. “A Bar-Natan homotopy type”, Differential
Topology Seminar, Kyoto U., May (2022)

MEREKRL - £5 &A Taketo SANO
TZAMEE  #EAE O 5 A
(FTEBR #WHEE)

2.Sano T. “Introduction to Categories and
Categorifications”, Math Seminar, RIKEN iTHEMS,
May (2022)

3.Sano T. “A Bar-Natan homotopy type”, Khovanov-
Rozansky Study Group Seminar, Ibaraki College
(online), May (2022)

4.Sano T. “A Bar-Natan homotopy type”, Geometry
Seminar, Chiba U,, Jun (2022)

5.8ano T. “Introduction to Categories and
Categorifications”, Yahoo! Japan corp. (online), Jul
(2022)

6.Sano T. “Introduction to Categories and
Categorifications”, Rigaku Seminar, Japan Women’s
U. Oct (2022)

7.Sano T. “A family of slice-torus invariants from the
divisibility of reduced Lee classes”, Topology and
Computer, Hiroshima-U., Oct (2022)

8.Sano T. “A family of slice-torus invariants from
the divisibility of reduced Lee classes”, N-KOOK
Seminar, Osaka-U. (online), Nov (2022)

9.Sano T. “A family of slice-torus invariants
from the divisibility of reduced Lee classes”, Friday
Tea Time Zoom Seminar, Ochanomizu U. (online),
Dec (2022)

XXII-002 Low-Regularity Gravity and Emergent Geometry via Optimal

Transport Theory

Name: Christy Koji KELLY

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

Many existing models of quantum gravity indicate
that in regimes where quantum fluctuations become
sufficiently strong, the smooth structure of spacetime
is lost. Classically this is perhaps indicated by the
existence of spacetime singularities, but the fractal
structure of spacetime observed in a variety of
approaches to quantum gravity—from Liouville
theory through dynamical triangulations to the
asymptotic safety programme—indicates that the lack
of differentiability is a generic property of ‘quantum
spacetime’. The aim of this project is to extend recent

insights from mathematics—in particular metric-
measure geometry and optimal transport theory—on
the geometry of coarse spaces to the study of gravity.

Concretely, I am considering three main directions:
firstly, the development of Lorentzian optimal
transport theory. The field of optimal transport
theory has emerged over the past decade or so as a
fundamental extension of metric geometry to the
study of rough Riemannian spaces through the
discovery of several types of synthetic Ricci curvature.
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Extending these insights to the Lorentzian case is still
an incipient programme; one of the main difficulties
is the lack of a canonical notion of convergence for
Lorentzian spaces (e.g. a Lorentzian analogue of the
Gromov-Hausdorft distance between compact metric
spaces) and this is a key focus of my present work.
Secondly, I am working on extensions of an existing
statistical model of random networks inspired by
Euclidean gravity displaying some nice features
relating to the emergence of network geometry.
Numerical work is currently in progress. Finally I
am attempting to study the coarse local geometry of

the so-called Brownian map, a mathematical object
describing the emergent structure of 2D Euclidean
quantum gravity.

@ Oral Presentations:

Seminars

1. Kelly, C., ‘Coarse Notions of Curvature’, iTHEMS
Coffee Meeting, RIKEN Wako, September (2022).

2.Kell, C., ‘An Introduction to Rough Geometry (with
a View to Euclidean Gravity)’, iTHEMS Maths
Seminar, RIKEN Wako, October (2022).

XXI1-003 IIEGHGRDORERR & 2B DO BEANZE

Mathematical study of construction and deformation of conformal field theory

THEDOERIZ, (2RTT) £ZERDOBEZ BFR
ICHANBZETH B, SEERT FRY—DERRE 4
RIS OBRIEIC DWTEANT,

BOEFmONREEBERIEE "Rep@EiqEn=
D2DYZAT—(N=p+qQ) [N T T pEDTIL—FEq
ROTVI—THN+RICHENTVWBERETDEINS
FEWCHEBELRVL EWSHEBEZERFD (NETHD)
(Osterwalder-Schrader axioms), Z1ui&T+ 2 (T Bt
NEZOORERIEHEBELRL, EWSHEBICEIFZER
WRMRETH D, V7RI —DRRIBEFIEN D,

T REFIGIERD I AT —D R ATy
REMENZ2REBEZANVTERTES; LLWSON
BADRETH S, pRrzBEELLY -V VH (RS
U= VHE)EqrRAIEV-SVEINHDE. FNEFEND
SRERBRIETEDRET)—YVEERDAEDESZ
EMNTED, AfFEV I VELEDEGLENES.
SR DOEE (RAUBE) 25, TV ZHEFE
Nz, ROEDLEIREY 2171 EHEICART Yy REIFE
nN2REBEEZERL TS,

BRIGHAZILHEBEROAR T Oy Y (1HEEREK
ZERTDT—Y)NEHODY -V VEDEI1TAZE
BOARZ Y RIEEICH U TEEMICIRDES I &%
AU COREBIFILTIVRNEULTRREL, WDH
DEBZEICRVWTEEEIT >,

FRA I LLETO S X T full vertex algebra & W
SEHENBIZZ _RTORBGERBOERLELT
RBEL. Z0FEBRULTE T, BRADERLTIFY Z

MRERSL : H BE  Yuto MORIWAKI
RARRE : BORRET OV T L
(FFER #HBB%)

A —DRREBIZFRIEBETIIGEEAINETETH %,
KR FFTRDFH = AULWT full vertex algebrah®" &L
BERT"IIRY—DREBZHT T (SETHEBK
Lic2TOPINERT) HBREDT TAEFA LT, i,
"BWEKKT" I SR — D RIRIEZ IS HEEREERIE
full vertex algebraz52%Z &R, NS DHH
ARRICOVWTIREEFROHERZBIEL TS,

@5 L H 5 Publications

1.Y. Moriwaki, Vertex operator algebra and colored
parenthesized braid operad, arXiv:2209.10443.

O@[15EF X Oral Presentations

1. Y. Moriwaki, Vertex operator algebra, braided tensor
category and colored parenthesized braid operad,
Representation theory and geometry of loop space,
Laboratoire de Mathématiques d'Orsay, France,
January, 2023.

2.Y. Moriwaki, Vertex operator algebra, braided tensor
category and colored parenthesized braid operad,
Conference in finite groups and vertex algebras, ,
Academia Sinica, Taiwan, December 2022.

3.Y. Moriwaki, Vertex operator algebra, braided
tensor category and colored parenthesized braid
operad, Quantum symmetries: Tensor categories,
Topological quantum field theories, Vertex algebras,
Canada, October 2022.

4.Y. Moriwaki, Construction and Formulation of
Conformal Field Theory, fR#% > >R I L, Japan,
Aug 2022.

5.Y. Moriwaki, Conformal field theory and real
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analytic modular form, Work shop, Modular forms
and Representation theory, France, July 2022.

6.Y. Moriwaki, Non-chiral conformal field theory

and vertex algebra, Research Seminar Algebra and
Mathematical Physics, Germany, July 2022.
7.Y. Moriwaki, A method for constructing conformal

field theories using quantum groups, Algebraic Lie
theory and Representation theory, May 2022.

8.Y. Moriwaki, A mathematical formulation of two-
dimensional conformal field theory, iTHEMS math
seminar, Japan, May 2022.

XXI1-004 FRSESE D ICB T 2 ABEZEEE O A ORI L & 2R EhES

Self-Organization and Multiscale Hierarchical Structure of Large-Scale Cloud Cluster under

Idealized Climate Conditions

AFFEOBMWIE. KKETILEBWEE{LKIE
ERICELD, ENBETESHEMB LKFEEkMmD S
1000km L2 AT —ILEHEEER DT CLEER
BEEHCT DD, BB UEIHIRRTDOSKIE
EWSTYYORBRBRNENIATAICEWTED L SR EE
ERIZUTWBDH ZHSMNCT B ETH D, SEE
F [RBEETVY I OFTROERNGHREHTHD.
AARFBEICH T2 —EOBERBFEOFOELEL 11D,
WG R R BRZ T o 1o FFIC. BETREE TIcH
IT2EDRFELZECHEMBILTH S Convective Self-
Aggregation (CSA) DREANZZXLE SRR
FERERIICDODWTHAN., FILZNZTNORRZERE
FMEEICERIIBE Lo

CSADFEEXAZZAALICDWTIE, ERERE TR
FERRICAWSKFIEFIES K UKFHEEIEICEY
BINTA—FEBRBOHMBT —IBITICLDAN
foo 2OT—F Y NE BEICKBENZARET I
SCALE-RMZERWT, 2—/{—O>rFa1—%Tx, LT
ERBEEETUTERLIZEDTH %, FICCSADRK
DEMTHIAKKEZTEDKEIVRSZZANDEHEK
RIBIBES | SR IIYEXANDZ X LAz, FZTHEIT
@A+ DKRELCSANRE B HZRICHEWTIL, BAF
BAKARERME TS REN R TERRIRET ST
EEFR U,

CSADRHMBFEERIICOVWTIE, R—/—1Y
Ea1—¥TE&E ZEAIT3IET. BIFDOBRVWKRELR
STESEI (10000 km k) IC&H 1 25 A F E 52 %
ZEMUZ, Ihic kD, STEBIZENWS000 kmZ
B2 5 EEBTIENRITIBICH UTUNR L, RFRE
KEZIZHHI3000-4000 km DKFERT—)L%EFKFD
Ay Y 1RO/ —>ZRIKSICIRB I EZRHASH

WFREKS © #%E KB Tomoro YANASE
ZAMRRE | FRATAE
EHRERRERZARE
(FABR =EH &)
lcUfeo
FILRE. TORBLICEZZMREGENROFERE
BRI Zolc, EROEEERICYLTIYAYINS
A=Y ERFENICEASEDEERS TR EEERSE
HEHTWND, S ERBEROFMGBEITEZITOIIET
BRDESHBRTEVWEZHESIEI AT LD AN
ZALDERMNEF R RHDIEEBRT,

@:5 EHF K Publications
(BEFR)

1. Yanase T., Nishizawa S., Miura H. and Tomita H.:
“Characteristic form and distance in high-level
hierarchical structure of self-aggregated clouds
in radiative-convective equilibrium”, Geophysical
Research Letters, 49 €2022GL100000 (2022)*

2.Yanase T., Nishizawa S., Miura H., Takemi T. and
Tomita H.: “Low-level circulation and its coupling
with free-tropospheric variability as a mechanism
of spontaneous aggregation of moist convection”,
Journal of the Atmospheric Sciences, 79 3429-
3451(2022)*

®[EEF % Oral Presentations

(=

1. Yanase T., Nishizawa S., Miura H., Takemi T. and
Tomita H.: “Numerical study on the self-aggregation
of moist convection in radiative-convective
equilibrium”, 6th Asia Pacific Conference on Plasma
Physics, Virtual, Oct.(2022)

2.Yanase T., Nishizawa S., Miura H., Takemi T.
and Tomita H.: “A mechanism of convective self-
aggregation: Coupling between low-level circulation
and free-tropospheric variability”, AOGS 19th
Annual Meeting, Virtual, Aug.(2022)
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3.Yanase T., Nishizawa S., Miura H., Takemi T.
and Tomita H.: “A mechanism of convective self-
aggregation: Coupling between low-level circulation
and free-tropospheric variability”, JpGU Meeting
2022, Chiba, May.(2022)

4. WURRER, FESE, ZEMs, EREX  REX
MEETICRII2ESESILLICED LUREERED
RN RECIERM" BARKRFR202FEUFR
=, LI, 108 (2022)

5.0RER, mEEE, ZRAsE, EEES IS
MFETICRIT2ECEALLIED LABERED
R REC IR, BARKAFZRER2022, R
#8, 94 (2022)

6. MIERER, FESt, —HE, MREE, EHEX

‘TEREREBANTBEZESOFKEZBULEENR
DEBEARXNZXL", BERSRES2022EES
ERe, AVvS1>, 58(2022)

@R R —% 3k Poster Presentations

(F=

1. Yanase T., Nishizawa S., Miura H., Takemi T. and
Tomita H.: “Low-level circulation and its coupling
with free-tropospheric variability as a mechanism of
spontaneous aggregation of moist convection”, 2022
Model Hierarchies Workshop, Stanford University,
California, USA, Aug.—-Sep.(2022)

XXII-005 =IRILT T a 7 ZAAEDKMNe 7 IIVEEE & Z DIsH

Minimal model theory for Arakerov three folds and its applications

KBS RAEDDHEIF, RBERAZICEFZEELEN
D—DTHH, HABHEANDRAEVWSHATHIERICE
ERHE-ETH .

BIZIE, BWRBUS LEORBERA 2 I B2 TR
<BEELTEHED, H<HEMRINTVEIDETHD. F
fo, IEEHOREEEIZ SEERBMFICEEL TV
7T, FEBETEVSFEEESIET, ERK
AZICHBANBHZENMENTWS, ZZ o O7 &M
FERFERBRORBEEME, HoRM?, Bmsfrs
WS=EDZRABFICRSBRMAZFETHD, DD EERI,
FNEFNODFICE<HUVWEREEEZ S ENRFS
NTWs, REZHEEDODBEICEVW T EDNSFE
ELT, BUNETILIOTZLNSBIFENS. ST,
CLOEHRICTHTZHDREF TR, FEHMDEHKE
IS 2N ETIVEROARNBAICE I BN TE
D, HARIGCANH D ENHMSNTNS,

AAEROBEMWIE, =RT7Z7 A7 ZHEOBNET
IWEBRZERR T D& TH 3.

IbE, HBIEORWEBZL =Ry >7 0

WMEREKS : T Shou YOSHIKAWA
ZAMRE  HBAETOV A
(FFBR #HB &%)
TEREICBNETILDNEET N ESHZRIT 3.
e, BNETILHEGREMYE, MORAENBEST
HEERFRICHESTHED, FNSOLFICEERIGH
ERDEEITWS, T A7EKREORNETILE
i, S EFEMRINBD TVWDRERONEEREREAFE
BRAERS, RMOMRBRELES&ICBRD. —A,
FZTOT7HMAZE, MO RAIZ OGRS FE DG
HIRICERAINTWS, Licht >, LROREREICER
DIRE T & T, HEMARICHTZ22HLVWFEDR
ENEAFTED.

O[15E //RAY—FK Oral/Poster Presentations

(Fx

LEN 8 REHOBNETIVESR", BRI
#tI)r—, ZEHEKXRE, 2022/7

(Fx

LEN " RINVREDEY 251 R DOE CRIZE
DHZBE) ", RINLVEDEI2151EESE, REPKRE,
2022/8
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XXI1-006 FEZER LG g- FEB RO 573

Classification of Harmonic g-exponential Families on Homogeneous Spaces

AMEOENIE. EEZE LD BV g-EEHE SR
BEERBRICK>TH—MICRS>HBBEAESZ. TNIC
Lo T RWO- BB DGR ZENEET 5 & TH D,

BIREE O, BHREM, MEFICEVWT ERDPHE
PHYYAHEG EZEOEBEDHIEIE. BRLEIG
ALEHEEGMANRTH D, SSITAF, EHEIH
EDILRE AR ED - IEREDIHEN BHEROEE
PHREANZDB TCEELRREZRILTVWS, fc. 21—
Ty REFEDHRST, T—F DEE LMD LN
BEER S EALTBICLDBRROBTEEFRE GE
HUDDHD.0-IEHEDHIEIEER L BBUICH B —A.
BITICE<BVWSN2HDIEFZFO—IBITBERWN, 1
5lF. BENICIFEAEEZEFEEZEG/HET S, G
TR MEZ R ONMEREA BT IENTES, T
GlFY—8. HIZCOHREREETH D, €I T RDELS
BEENBARICEZSNS:

B8 EELHEG/H LD GARE g- BHE DR Z
—WICKSPEAZER K, SHICEERFEZHEG/H
IE LT GRE - BREDHIRZ N EE L.

o EE  EELFEEEMG/H LICIGATTRETER
7 g- BN IEES 2 L

COEICT UL TRD 2Step THID#ET !

Step 1: EEZE/G/H LD GAREEKEDHEDD
21T,

Step 2: EEZEG/H LD GARE g- BHE I hik%E
PHEI B

Step 1lcDWT, REREAWVWTEEZEZHEG/H L
DCARERBENHHEOEREZEHFRBEREDH
FAAFETRELU . SEER. BEFEOHMEZN
ICE O TRABEERDRIED O Z RRICHER LI

HRERS @ BfE L— Koichi TOJO
ZAMAE | EFAEiafRmtety 5 —
TRERZIRE S IL—7
BENFETF— LA
(FAER IRMW &—)
XZERRITDIENTER, ISICCARTERENHE
RiF. RFETRONZDHEDOHANEELTRERIRT
EDHIEBRIND, I EREFICE TS spherical
representation D%z B\ THFEICEND HT,

Step 2lcDWT : G/HED GRERHENGENS
CREQ-EBEHENTIEZEIFEZREU . SHEE
(FER D ERICDOWT L FE ED SL(2,R) REZRR VR
AFIRICH U AFEZBEAI R ET ¥ FERED
SL(2,R) &R q- BEH BN TR ZEFNICEZ B D
T&ET,

@:5 EHF K Publications
(BEHR)

1.Tojo K., Yoshino T. “A method to construct
exponential families on homogeneous spaces”,
Information Geometry, 5, 493-510 (2022)*

O®[15EH X Oral Presentations

1. & [ —, “A method to construct exponential
families by representation theory”, EPFL-CIS &
RIKEN-AIP Joint Online Workshop on Machine
Learning, A~ >, 9H (2022)

2.RIRE—, “REREZAVWCERED R IERDOBERIE,
HEBHRHFEIF—, LEKRZE, 47 (2022)

3.3 & I& —, “Classification problem of invariant
q-exponential families on homogeneous spaces”,
Mathematical optimization and statistical theories
using geometric methods, KFRAIZ KZXLRt
>&—, 108 (2022)

4. RIRE—, “R\EZAWCHARY — RO B
BODFEICOWT", REWI—7avy, BRIERIL
EEFEEYY—, 1A (2023),
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XXII-007 PR & N7 EY35 0GR & F W 728 R R ER BRI BY O W 5E

Study of nuclear short-range correlation by beyond mean-field theory

FEF#iE. BFEFEF (T NoBREINIEFS
*hRTH D, KFEHAEHNSHELT, RF&EEEET
HI5FEE LT 58 EENERER) 15
nNTWs, 20, BENBEHIERICLDRFRBEHE
LT ERDTVNDHDD, STEICAWS ITRILF—
ZENER(ENREER) NE—RENICEIN TV
BWIE RFEOEERBREANERICER TERWNT
&L EVWS2DDRELFEEI SN TNS, TD2DD
REETHRRTDIEN, KARREBETH S,

ANEEG. BETFHE - MEVEL T TEIRNEND
TWBFEILDWTC RITHRZERITDEEHIT, R
FRBEHEICEAINCEITTEZTofc. el 2
FEAZOMAICEDE, HHD—HLATHZT71V R
EVIERFRIBICOWTE—REBNICEH T 2MERDHIT-
fco

BEARE LT RAD—EATH B AL VEBEHEE
ERDOEEFRICNITBEEICOVWTOMAZIT oI
KRR THSNICRRIE. B NOE—FRENZESY
IKBUBRLBARZEZZEEZI 5N 5,

o IcH. RFPBI 1 AVEHETZIOER
ICEAT BT LE RFEEBEICEET 2MEREZIT oI

@t F %3 Publications

1. Sagawa H., Yoshida S., Naito T., Uesaka T., Zenihiro
J., Tanaka J. and Suzuki T.: "Isovector density and
isospin impurity in *’Ca", Phys. Lett. B, 829, 137072
(2022)*

2.Naito T.: "Relativistic correction of the Coulomb
interaction in the local density approximation for
energies and radii in doubly-magic nuclei", Prog.
Theor. Exp. Phys., 2022, 093D04 (2022)*

3.Naito T., Roca-Maza X., Colo G., Liang H. and
Sagawa H.: "Isospin symmetry breaking in the
charge radius difference of mirror nuclei", Phys. Rev.
C, 106, L061306 (2022)*

4.Sotani H. and Naito T.: "Empirical neutron star mass
formula based on experimental observables", Phys.
Rev. C, 107, 035802 (2023)*

O[EEH 3K Oral Presentations

(Eff= - 1819)

1.Naito T. "Can we improve energy density
functionals? —A perturbative method—",

MEEKXS © W &8 Tomoya NAITO
RANRRE : BOBRETOY T L
(fFER #HE B3

SSNET'22 —International Conference on Shapes
and Symmetries in Nuclei: from Experiment to
Theory—, > 20> (RMFEEEISEAET: AILt—), 6B
(2022)

2.Naito T.: "Isospin symmetry breaking in nuclear
ground state", NuSym22, X International
Symposium on Nuclear Symmetry Energy, A~ 5
v (RHFMESAT: H5—=v), 98 (2022)

(BREE - —K)

1.Naito T.: "Toward ab initio charge symmetry
breaking in nuclear energy density functionals”,
Symposium on "Developments of Physics of Unstable
Nuclei" (YKIS2022b), F#E, 58 (2022)

2.Naito T., Colo G., Liang H., Roca-Maza X. and
Sagawa H.: "Isospin symmetry breaking in the
nuclear ground state", VIth Topical Workshop on
Modern Aspects in Nuclear Structure—The Many
Facets of Nuclear Structure— (Bormio2023), 7RJL 37,
28 (2023)

(ERRE - 1B81%)

1. Naito T.: "Isospin symmetry breaking in nuclear
ground state", RIBF Users Meeting 2022, A~ 51>
(M03£), 9A (2022)

2.Naito T.: "Towards First-Principles Energy Density
Functionals", Fundamentals in density functional
theory, %R, 128 (2022)

3.Naito, T." "RF BN HEERUICET - 24>
RENRIHEE I —NORR", PIMEEERB XFX
THERZ F2RIMRR, AV 51> (GRUFEESHT:
=ER), 2R (2023)

(BHtEIr—)

1. Naito T.: "Isospin symmetry breaking in nuclear
ground state", High Energy Theory Group Seminar,
*A>Z4> (&), 48 (2022)

2.Naito T.: "Isospin symmetry breaking in nuclear
ground state", 309th RIBF Nuclear Physics Seminar/
RIKEN SNP Lab Seminar, A > 2> (FM}), 68
(2022)

3.NEEN: "RFRERREICSF271YV AN
Hown", HAYEZIMEXPREHIEE HEEI
+—, =, 118 (2022)

4.Naito, T.: "Isospin symmetry breaking in the nuclear
ground state”, & AH I+ —, TEB, 128 (2022)
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XXII-008 57 1R 53 M & B8 2 06 H L2 2 - BRE RIERR O R o)LE AR O R

Unraveling the Very Early Stage of Star and Planet Formation with the Aid of Molecular

Distributions and Machine Learning

BRERIFVODSIESNIAD. EDKSITHELLTNL
MNZBEANICHESNCT B EZBIELTWS, RER
FROTAED) 3ZDHOEDARZREN T, BE
ROZKREDERE BB EEZSNDH. RIEICH IR
BRANEBI G RERREETH D, fald. DFEICE
WERIRE EAREEOKABREORERRAE. @
MAEANRIRES EEICELT DTHEIEGR OREIIE
WS2DDIAREED TS, AAKTIE. EZTDEM
REEEYID DB, BRI N2 0 FIEEHRIED
MEREZBEIRNICKRI B EICERL. Znszn
FNY—H—; EULTHIAT S,

AEEE, LEOEWICEIT T, EICLLTOKSHRHF
KEfT ol
1AL FEICHZDEWNVEEERHAREBI3ILDMEE

JIYRNO—T7EE&EICR T 2B EEER 8 ICE

SMCU. X ELTHREDT,
2YBEEDH ST, IFDLEEMICEERLTH

ELDHTRZED T, RIREIRAS15398-3359(1CH

WC. BORBESNOT—4 2 ERURKERRES0

au AT =)L Db ZRAS MM U,

. FERMRELDOHFEMRZIESD. RIREB335DEK
REMEZRAN, AR/ IoRO-TEECEITZ1
FHERRICEB T,

4JW STEALMADT—9%LEL. RBREHLBRYT
HERECTEESYEEE(FUNIO-) OEBRZHESD
feo

@55 £k Publications

(REFHX)

1. Yuki Okoda , Yoko Oya , Muneaki Imai , Nami
Sakai , Yoshimasa Watanabe , Ana Lopez-Sepulcre,
Kazuya Saigo , and Satoshi Yamamoto : “Chemical
Differentiation and Temperature Distribution on a

MEERSG - KHFEE  Yuki OKODA
RAMRE : FHRAFAASR
RHE - BREBMIRE
(AR R mx)

Few au Scale around the Protostellar Source B335,
The Astrophysical Journal, 935, 136 (2022)

®[EEH K Oral Presentations

(&

LAR/NHEESE, NUEH, RHBESE, EEFLE, Ana
L'opez-Sepulcre, KEREF, SHZRHA, LAE:.EE
ERIAE B335 ICH TS CH3OHDEKRILY. H
ARNFESUEESR, pll9a. FRKE. 9 B (2022)

2.0koda Y. : “Physics and Chemistry in the Beginning
of Low-Mass Star Formation”, 241 st AAS meeting,
Seattle WA USA, Jan (2023)

3.0koda Y., Oya Y., Logan Francis, Doug Johnstone,
Cecilia Ceccarelli, Claire Chandler, Claudio
Codella, Sakai N., Yamamoto S., and FAUST Team:
“Detection of A Hot Corino in the Prototypical
Warm Carbon-Chain Chemistry Source IRAS 15398
—3359”, East-Asian ALMA Science Workshop 2023
New Taipei City Taiwan, Feb (2023)

4. K/NH #&, KE IF, Logan Francis, Doug
Johnstone, X & — B, Cecilia Ceccarelli, Claire
Chandler, Claudio Codella, #x#F ®3x=, ILAE,
and FAUST Team: FAUST: 3FEICEWMEEERKE
IRAS 15398-3359 DI - {LE#EIE). HARXE
KBEZER. Z110a. LB KZE. 3 A(2023)

5 KNHIEE, IMNUER, IRHEE, BEEBFLE, Ana
L'opez-Sepulcre, KEREF, SHRHA, ILAEEHWE
BERHBREXRMAEB335 ADOLFEER . RIERT X
hOTIARY— BRKRE, 38 (2023)

O/RR5—HFK Poster presentations

(%)

LR/NHEEEE, NMUEH, RHBESE, EEFILE, Ana
L'opez-Sepulcre, KEREF, SHRHA, ILAE . EE
ERME B335 ICHFS CHIOHDEKFZ. K
HAFZANOTI AR —  ERAZ, 118 (2022)
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XXII-009 Development of an ultra-sensitive axion-like particle detection

standard with 100-fold increased sensitivity and ultra large bandwidth.

Name: Barbara Maria LATACZ

Host Laboratory : Fundamental Symmetries Laboratory

For the first four months of my SPDR position, I
mainly contributed to setting up a new antiproton
magnetic moment measurement, which will improve
the previous result by at least a factor of 10 and
will reach a 100 p.p.t. precision level. I was mainly
working on the commissioning of the new cooling
trap, which by subthermal resistive cooling allows
cooling antiprotons to temperatures below 200 mK
in less than 10 minutes. This gives a factor of 100
improvements in the particle preparation time for the
next magnetic moment measurement and thus will
allow to largely improve the collected data statistics
and as a result will largely increase the precision of the
measurement.

Also, I contributed to the development of the new
axion detection experiment. One of our results about
a high-Q superconducting toroidal medium frequency
detection system with a capacitively adjustable
frequency range >180 kHz was just accepted for
publication.

Given the period of 4 months of the duration of my
SPDR position, I achieved planned progress. From the
Ist of August 2022 I will continue working with Prof.
Stefan Ulmer in the RIKEN-led BASE collaboration,
but from a position at CERN, Switzerland.

RIKEN Cluster for Pioneering Research
Laboratory Head : Stefan ULMER

@ Publication

Original Paper

1. Volksen F., Devlin J.A., Borchertl M.]., Erlewein
S. E., Fleck M., Jaeger J. I., Latacz B. M., Micke P.,
Nuschke P., Umbrazunas G., Wursten E. J., Abbass
F., Bohman M. A., Popper D., Wiesinger M., Will
C., Blaum K., Matsuda Y., Mooser A., Ospelkaus C.,
Smorra C., Soter A., Quint W., Walz J., Yamazaki Y.,
and Ulmer S.: “A High-Q Superconducting Toroidal
Medium Frequency Detection System with a
Capacitively Adjustable Frequency Range >180 kHz’,
Rev. Sci. Instrum., published*

@ Oral Presentation

Conference

1. Latacz B. M. on behalf of the BASE collaboration:
"Model based extreme vacuum pressure
measurements at BASE" PBC Technologies mini-
workshop on Vacuum, Coating and Surface
Technologies, CERN, Switzerland, 2022, April.

2.Latacz B. M. on behalf of the BASE collaboration:
“BASE, testing fundamental symmetries by
high precision comparisons of the fundamental
properties of protons and antiprotons”, International
Conference on Precision Physics of Simple Atomic
Systems, Warsaw, Poland, 2022, May.

XXII-010 New Technologies to Study Electric Properties of Exotic Isotopes

Name: Martha Liliana CORTES
Host Laboratory : Radioactive Isotope Physics Laboratory

This research proposal aims to develop a new
experimental technique which will allow for the first
time the simultaneous accurate determination of
electric dipole and quadrupole transition probabilities
of exotic nuclei. Such a setup will contribute to studies
of shell evolution of exotic isotopes and at the same
time help the understanding of the nature of the
Pygmy Dipole Resonance (PDR) for exotic isotopes.

This technique is based on the use of a new
scintillation material, Cerium-doped Aluminum-

RIKEN Nishina Center for Accelerator-Based Science
Laboratory Head : Hiroyoshi SAKURAI

Galium Garnet (GAGG). This solid and non-
hygroscopic material has a high light yield of around
46000 photons/MeV, a density of 6.6 g/cm” and
an effective atomic number of Z = 54, therefore
combines a very high y-detection efficiency with
a good energy resolution. During the last months,
8 samples of GAGG crystals were tested and
characterized in terms of their energy resolution,
time response, and uniformity. For these tests, each
sample was read out using Silicon photomultipliers,
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which have a higher detection efficiency on the
emission range of the GAGG as compared to
standard photo-multiplier tubes. The results are very
promising, showing a very good energy resolution
and uniformity. Nevertheless it was found that if the
crystals are exposed to ambient light, an average of
7 days is necessary to stabilize their time response,
therefore the mounting of the samples must be done
in low-light conditions. The results obtained regarding
the energy resolution of the detectors have been
implemented in realistic Monte Carlo simulations
to study the performance of the future setup and an
initial paper detailing these results is in preparation.

In addition, the electric properties of exotic nuclei
is being studied. In particular data analysis of a

102

Coulomb excitation measurement on ~Sn is being

carried out. Being presumably the heaviest, particle

100
Sn offers a

bound, doubly magic N = Z nucleus,
fundamental testing ground for the nuclear shell
model. Therefore, the region around '*’Sn has become
a subject of particular interest in recent decades.
Due to its low production cross section, it is not yet
possible to perform Coulomb excitation on '*Sn,
therefore '*’Sn is our last anchor point to extrapolate
different models on the nuclear structure and
electric properties of the region around '’Sn. The
data analysis has progressed steadily, the particle
identification of the incoming and outgoing ions has
been obtained and gamma-ray spectra for the reaction
of interest show the expected peak corresponding to
the decay of the 2" state. A preliminary value of the
interaction cross section, and therefore the B(E2)
value, has been obtained and the interpretation of the

results is being discussed among the collaboration.
A manuscript with this important results is under
preparation.

In the next steps, a prototype GAGG cluster will
be fully developed and mounted in the current set
up. This will potentially allow the simultaneous
determination of the dipole response together with
the quadrupole excitation in the same measurement,
in particular the PDR.

@ Publications

Papers

1.Enciu M., Liu H.N., Obertelli A. et al., Extended
P52 Neutron Orbital and the N = 32 Shell Closure in
*’Ca. Physical Review Letters 129, 262501 (2022).

2.Elekes Z., Juhasz M.M., Sohler D. et al.,
“Southwestern" boundary of the N = 40 island of
inversion: First study of low-lying bound excited
states in 'V and *'V. Physical Review C 106, 064321
(2022).

3.Zago L., Gottardo A., Valiente-Dobon J.], et al,
High-spin states in *?Po above the a-decaying (18+)
isomer, Physics Letters B 834, 137457 (2022).

@ Oral Presentations

1.Cortes M. L.: “In-beam gamma-ray spectroscopy
towards '"°Sn: Recent results and future
perspectives”, RIBF Users meeting, Wako-shi Japan,
September 20-22 (2022).

2.Cortes M. L.: “In-beam gamma-ray spectroscopy
towards '°°Sn: Recent results and future
perspectives”, Reimei Workshop, Darmstadt
Germany, October 10-12 (2022).

XXI-011 ®ftkE b RO Y —IcEDO Wiy 1 7 + — 7 O
Comprehensive Study of Diquarks Based on Symmetry and Topology

BROBOLEDOYEOEREL 2B FOREFZE
B3, VA=V EMENZRNUFOEBEDEREN £
FEHZ(QCD)DEZELFAMMERBE LR >TULND, K,
I A—2BIEE LIV SRAY—) THRIA(TA—7
OFBRIE. EWIA—7ZET/\RAY (ACKFE)D
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1.Gen M. and Suwa H.: "Nematicity and fractional
magnetization plateaus induced by spin-lattice
coupling in the classical kagome-lattice Heisenberg
antiferromagnet”, Physical Review B 105, 174424
(2022)*

2.Gen M., Miyake A., Yagiuchi H., Watanabe
Y., Ikeda A., Matsuda Y., Tokunaga M., Arima
T., and Tokunaga Y.: "Enhancement of giant
magnetoelectric effect in Ni-doped CaBaCo,O;",
Physical Review B 105, 214412 (2022).*

3.Gen M, Ishikawa H., Ikeda A., Miyake A., Yang Z.,
Okamoto Y., Takenaka K., Sagayama H., Kurumaji
T., Tokunaga Y., Arima T., Tokunaga M., Kindo K.,
Matsuda Y., and Kohama Y.: "Complex magnetic
phase diagram with a small phase pocket in a three-
dimensional frustrated magnet CulnCr,S,", Physical
Review Research 4, 033148 (2022).*

4.Gen M., Takagi R., Watanabe Y., Kitou S., Sagayama
H., Matsuyama N., Kohama Y., Tkeda A., Onuki
Y., Kurumaji T., Arima T., and Seki S.: "Rhombic
skyrmion lattice coupled with orthorhombic
structural distortion in EuAl,", Physical Review B in
print.*
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1. Gen M., Ishikawa H., Tkeda A., Miyake A., Yang Z.
, Okamoto Y., Mori M., Takenaka K., Sagayama H.,
Kurumaji T., Tokunaga Y., Arima T., Tokunaga M.,
Kindo K., Matsuda H. , and Kohama Y.: "Diverse
magnetic phase diagrams in breathing pyrochlore
chromium spinel sulfides", The 29th International
Conference on Low Temperature Physics (LT29),
Sapporo, Japan, Aug.(2022)

XXII-018 Two-Dimensional van der Waals Magnetic Heterostructure Devices

for Future Spintronic Applications

Name: Maximilian Thomas BIRCH
Host Laboratory: Strong Correlation Quantum Transport Research Team

Following the isolation of monolayer graphite —
graphene — in 2004, there has been a huge interest in
the research of two dimensional (2D) materials. The
family of these materials now includes a wide range of
archetypes, from insulators to metals, or topological
insulators and superconductors. However, it is only
since 2017 that single layers of 2D magnets have been
observed, in the form of monolayer Cr,Ge,Te; and
Crl,. Now, a wide range of 2D magnets have been
discovered, with Curie temperatures approaching
300 K. These developments open up a large range
of possibilities for integrating 2D magnets into
spintronic applications.

So far, the imaging of magnetic spin textures in single
to few layer 2D magnets has proved challenging. This
year, I have utilised soft x-ray microscopy techniques
to image the magnetic textures in exfoliated flakes
of the van der Waals magnet Fe,GeTe, (FGT). This
material has been found to possess monochiral
magnetic skyrmions. Using the imaging experiments
we successfully determined the magnetic phase
diagram for the first time, and shed light on the
primary stabilisation mechanism of these states [1].
With this basic characterisation completed, we
proceeded to attempt fabrication of device-like
heterostructures. In one case, when stacking
exfoliated hBN and graphite layers in combination
with FGT, we discovered a manner to nucleate single
skyrmions with single nanosecond current pulses via
a vertical nanocontact through the material stack [2].
Detailed analysis revealed that this nucleation process
was primarily thermally activated.

While performing other imaging experiments, we

RIKEN Center for Emergent Matter Science
Laboratory Head : Yoshinori TOKURA

discovered the possibility to form skyrmionium states
when zero-field cooling flakes of FGT. Upon further
investigation, we determined that using this specific
temperature and magnetic field history, it was possible
to stabilise a wide range of composite skyrmion states
with varying topological configurations, including
skyrmion bags and skyrmion sacks [3]. The general
nature of the formation mechanism strongly suggests
that such structures should be realisable in a wide
range of materials, indicating they may have been
overlooked in well-known systems.

Alongside this work on 2D magnets, I have performed
x-ray microscopy studies of traditional skyrmion
hosts: the bulk chiral magnets. My studies in this area
have mainly focused on the study of three dimensional
topological spin textures, such as extended magnetic
skyrmion strings. Here, we utilised current pulses to
demonstrate the possibility to manipulate the length
of the hosted skyrmion strings [4]. In the future, the
exploration of topological magnetic structures in 3D
may prove to be an interesting direction.

@ Publication

Original Paper

1.Birch M. T., Powalla, L., et al.: History-dependent
domain and skyrmion formation in 2D van der
Waals magnet Fe3GeTe2. Nature Communications
13, 3035 (2022). published*

2.Powalla L., Birch M. T., et al.: Single Skyrmion
Generation via a Vertical Nanocontact in a 2D
Magnet-Based Heterostructure. Nano Letters 22,
9236-9243 (2022). published”

3.Powalla L., Birch M. T., et al.: Seeding and
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Emergence of Composite Skyrmions in a van
der Waals Magnet. Advanced Materials (2023).
accepted*

4.Birch M. T., et al.: Toggle-like current-induced Bloch
point dynamics of 3D skyrmion strings in a room-
temperature nanowire. Nature Communications 13,
3630 (2022). published*
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1.Birch M. T, et al.: “Toggle-like current-induced
Bloch point dynamics of 3D skyrmion strings in
a room temperature nanowire” Sol-SkyMag, San
Sebastian, Spain. June (2021).
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Simulating quantum many-body dynamics with quantum computers
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Keisuke Fujii : “Local Variational Quantum
Compilation of Large-Scale Hamiltonian Dynamics’,
PRX Quantum, 3 040302 (2022)
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optimal quantum simulation of time-periodic
systems”, YITP workshop "Quantum extreme
universe from quantum information", Kyoto
University, September 2022
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Superconducting Quantum Interface Circuits For Control To Quantum Processors
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Yamamoto, and Jaw-Shen Tsai: “Noise properties of
a Josephson parametric oscillator”, Physical Review
Applied, accepted 8 Dec. 2022
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Tsai: “Mitigation of noise in Josephson parametric
oscillator by injection locking” Applied Physics
Letter, accepted 17 Jan. 2023
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Analysis of nonlinear responses induced by dissipation and fluctuation
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1. Michishita Y., and Nagaosa N., : “Dissipation and
geometry in nonlinear quantum transports of
multiband electron systems”, Physical Review B,
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construction of appropriate rotating frame”,
NQS2022, Kyoto, Japan Nov. (2022)
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Topological Phases on Geometrically Frustrated Lattices
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Silva, Y. Sato, H. Suzuki, Y. Ukai, S. Suetsugu, Y.
Kasahara, R. Okuma, I. Kimchi, and Y. Matsuda,
“Universal scaling of specific heat in the S = 1/2
quantum kagome antiferromagnet herbertsmithite”,
29" International Conference on Low Temperature
Physics, Sapporo, Aug (2022).

XXII-023 Direct detection of emergent electromagnetic inductance via real-space

electron phase measurement.

Name: Fehmi Sami YASIN

Host Laboratory: Electronic States Microscopy Research Team

Emergent electromagnetic induction based on
electrodynamics of noncollinear magnetic spin
states has seen a surge of interest as it may enable
miniaturization of inductor elements used in electric
circuits. Theory predicts that an AC current flow
drives a time-dependent deformation of the helical
magnetic spins (modulation q vector parallel to
current direction, j || q). This deformation is a
spin tilt towards and relaxation away from the j
direction, oscillating with AC current amplitude. Spin
translation or q vector rotation may also be an origin
of emergent electromagnetic induction.

This year, I studied the electric current-driven
deformation of magnetic skyrmions and helimagnetic
domain walls using a DC current. While an emergent
electromagnetic inductance cannot be generated with
a DC current, the same spin deformations may still
be measured and identified. Magnetic skyrmions
in Co,yZn,, are typically thought of as being rigid,
circular discs that flow through magnets above some
critical depinning threshold current. Using DC
current in tandem with Lorentz transmission electron
microscopy (LTEM), I found that the skyrmions
readily deform under electric current application
into an elliptical shape with an increased average
distortion of up to 90% when compared with their
intrinsic shape. Additionally, I demonstrated an
average skyrmion core size increase of up to 120%,
confirming its robust topological protection against

RIKEN Center for Emergent Matter Science
Laboratory Head : Xiuzhen YU

annihilation.

In another helimagnet with composition CogZn,Mn;,
I used the same experimental setup to measure the
deformation of the magnetic helices’ domain walls
in LTEM. I found that the domain walls show a
deformation consistent with helical spin tilts towards
the electric current axis while the current density is
lower than the helical depinning density. In order
to confirm that all of the helices” spins tilt under
electric current application, I recently measured the
helices deformation using differential phase contrast
(DPC) scanning transmission electron microscopy
(STEM), which is sensitive to a unidirectional spin
tilt (i.e. a uniform increase in an in-plane magnetic
field) and am processing the data. We will also install
a new experimental design within STEM capable
of detecting real-space spin deformations while
isolating the aforementioned spin tilt signal from
both translation and rotation signals. Real-space
detection of the spin dynamics responsible for the
emergent electromagnetic induction would reveal the
fundamental electromagnetic induction mechanism,
which may guide new device engineering design and
allow for tunability or control of the inductance value.
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space determination of the isolated magnetic
skyrmion deformation under electric current flow.,
Proceedings of the National Academy of Sciences
119, 41, €2200958119 (2022).
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Catalytic Activity Regulation System with a Bispecific Metallopeptide
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Artificial Metalloenzyme with Glycosylated Human
Serum Albumin”, Adv. Carbohydr. Chem. Biochem.,
82, 11-34 (2022).*
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1.Muguruma K., Ahmadi P., Chang T. C. and
Tanaka K.: “Metal-catalyzed selective cell tagging
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Science 2021, 33-34, (2022).*
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Exploring Organosodium Chemistry with Earth-Abundant Metal Catalysis
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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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F.:“A Photovariable Condenser with Enormous
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F.:“Diastereomeric Control of Polymorphic
Nematicity for Architypal Ferroelectric Nematogen
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Sub-atomic Resolution Organic Crystallography by Complementary Use of Cryo-Electron
Microscope, X-ray Free Electron Laser and Synchrotron X-ray --- Visualization of Hydrogen

and Charges ---
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Elucidation of reaction control factors based on macroscopic and microscopic analyses of

high-performance alloy catalyst
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reaction”, 82" Physical Electronics Conference,
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XXII-030 Developing a Method for Extracting Cascades from C. elegans

Whole-Brain Activities.

Name: Chentao WEN
Host Laboratory . Laboratory for Developmental Dynamics

This research aims to extract cascades of neuronal
activities in the brain of C. elegans using dynamic
influences among neurons. Recent imaging techniques
have enabled scientists to record whole-brain activities
at the individual neuron level, but the quantitative
analysis of these comprehensive data has largely been
limited to the connectivity strength among neurons.

RIKEN Center for Biosystems Dynamics Research
Laboratory Head : Shuichi ONAMI

This research will expand those researches to gain
new insights into the interactions among individual
neurons which are dynamically changing.

In this year, I have been focusing on developing the
methods required for extracting the neuronal activity
cascades:
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1.Developing a method for determining the timings
of interventions. Here the intervention is defined as
the big changes in each neuronal activity that are
unexpected from its history. This step is required
because the cascade, the focus in this research,
is a series of activation/deactivation of neuronal
activities caused by signals from other neurons
or from sensory inputs. To estimate the cascades,
the timings of these activations/deactivations,
i.e. interventions, must be firstly estimated. To
accomplish this, I forecasted the activity at each
next time point based on its preceding activities and
calculated the difference between each prediction
and the actual activity, which measures the degree
of the interventions. I started by attempting a simple
autoregressive model at first but discovered that a
local model based on nearest neighbors produced
more accurate predictions of future activity, and
thus provides more reliable estimates of intervention
timings.

2Improving my previous tracking method,
3DeeCelltracker (Wen et al. eLife 2021), to obtain
more accurate tracking results of the neurons. This
improvement is critical because the more accurate
tracking can be used to extract more accurate
neuronal activities, which largely affects the

reliability of the subsequent quantitative analysis
of neuronal cascades. One of the big challenges the
researchers in the field need to solve is tracking
the worm neurons with large degrees of rotations,
which occurs in some experimental conditions,
e.g. in freely moving worms. To address this issue,
I improved the deep neural network for tracking
by adopting a spherical coordinate system instead
of the previous Cartesian coordinate system. This
approach substantially improved the tracking
performance for large rotations. In the test on the
simulated data, the new method was able to track
an arbitrary degree of rotation with even higher
accuracy.

In addition to the two aspects mentioned above, I
have also been working on estimating the directional
influences on each downstream neuron from their
potential upstream neurons, which will form the
directional edges of the estimated cascades graph
in the brain. I have also worked on improving the
accuracy of the cell detection, which is another
bottleneck in obtaining accurate cell tracking results.
These efforts are still ongoing and will be continued in
the coming year.
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Exploring New Mechanisms of Abiotic Stress Response and Acclimation in Tandem

Duplicates with Redundancy
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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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Microenvironment for Neural Induction.
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Host Laboratory: Human biomimetic system

Mammalian development and early organogenesis
is a highly coordinated process that relies on cell
fate transitions. Cellular reorganization during
embryogenesis is a physical process and relies on
mechanical constraints exerted by surrounding
maternal tissue. Elucidating the mechanistic effect
during embryonic morphogenetic events plays a
pivotal role in understanding tissue homeostasis.
Deciphering this biological behavior in vivo is
unachievable. Since the process is difficult to study
in mammals or humans due to ethical boundaries
and inaccessibility to developing embryos within the
uterus. Hence, there is a rising demand to recapitulate
developmental processes in a 3D in vitro by using
assemblies of pluripotent stem cells. Under specific
culture conditions, the human pluripotent stem
aggregates grown in suspension culture gives rise to
distinctly organized germ layers as three-dimensional
gastruloid. These constructs attributes of a developing
embryo by displaying symmetry breaking, exhibiting
convergent extension of body plan along the anterior-
posterior axis, and consequences of gastrulation. In
the context of advance, multi-organogenesis current
3D gastruloids protocols are still inadequate. Notably,
in vitro gastruloid protocol lacks extraembryonic
tissue (EXT). Thus, likely to endure from loss of
mechanical constraint exerted by EXT. The EXT
tissues mimic the mechanical microenvironment
in utero, which is critical for controlling cellular
responses during embryogenesis. The EXT tissue
provides mechanical forces that are crucial for
controlling cellular responses during embryogenesis
by mimicking the mechanical microenvironment
in utero. Crucially to this standpoint, it will be
advantageous to compensate the EXT by mimicking
certain aspects of the physical microenvironment.
Given this advantage, improving the 3D gastruloid
culturing protocol is possible. For instance, the use
of natural hydrogels can provide greater control over

RIKEN Hakubi Research Team
RIKEN Cluster for Pioneering Research

Laboratory Head | Masaya HAGIWARA

tuning viscoelastic and elastic properties. In addition
to that natural hydrogels lack chemical cues and
have no binding site to support cell adhesions. Thus,
potentially act as a substrate for cells to create their
niche by secreting extracellular matrix (ECM). In
this study, we showed that agarose-cryogel generates
large interconnected macropores that appear as
voids-like microcavities on the surface. As a result,
functions as a cell-substrate interface that entraps and
constrains cells within a tight boundary condition.
Similarly, like mimicking the tissue compaction
during post-implantation in utero. Interestingly,
the softer cryogel (0.5% agarose) cryogel promotes
hiPSCs differentiation to germ layers and favors tissue
morphogenesis towards anterior-posterior (A-P) axis
polarity. In this study we aim to understand the role
of substrate stiffness and topological constraints in
controlling cell differentiation and self-organization
is important. As a result, it is necessary to design a
cell-substrate interface that may be used to manage
mechano-geometrical input over tissue morphogenesis
on a scalable basis. a more comprehensive framework
for understanding how instructive physical signals
is involved in tissue patterning and the early stages
of organogenesis in the setting of the embryo.
Taking together, this work for the first time shows
the applicability of agarose cryogel mechanics to
differentiate iPSCs into embryonic morphogenesis and
neuronal fates without the use of exogenous chemical
stimulation.
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Tool to Elucidate the Cell Fate Decision of hiPSCs.
International Journal of Molecular Sciences, 23(13),
p.7272.
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Understanding the mechanism of the transient cold tolerance in neonatal mice
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Host Laboratory . Interdisciplinary Mathematical Sciences Program
RIKEN Interdisciplinary Theoretical and Mathematical Sciences Program

Laboratory Head : Tetsuo HATSUDA

Species form biodiversity, and speciation is the
evolutionary process that gives origin to species.
Speciation is attributed to ecological, genetic or
geographic factors. However, how the three factors
interplay to influence speciation in general is poorly
understood because the three factors vary across
biological groups and geographic areas. The “niche”
concept integrates those factors, and is defined as the
set of environmental factors that a species needs for
its persistence within its natural geographic space.
Then, clarifying the patterns of niche evolution and
constructing models to predict how the niche evolves
across species and across regions can elucidate how
speciation works. In this research, I am studying
plants as a model group to understand the general
patterns of niche evolution. So far, I have focused
on cycads from the tropical regions of Mexico and
Central America. In the genus Ceratozamia (38
species), I evaluated the genome-wide variation to
reconstruct the phylogenetic relationships among
species. I also evaluated the environmental variation
and traced how the environmental variation varied
throughout the phylogenetic history among species
and geographic regions. I found that the niche
evolution in Ceratozamia depends of where species
are distributed: low-latitude species are more prone to
retain their niche more than expected from random
due to a process called “niche conservatism” (NC);
high-latitude species tend to diverge their niches
more than random due to a process called “niche
divergence” (ND). These results suggest that NC
and ND are two processes of a same continuum that
is correlated with latitude. The evolution of these

tropical plants at low-latitudes are mostly constrained
by NC, suggesting that the speciation of tropical
plants often do not require the evolution of traits
to enhance adaptability to new environments. On
the other hand, species at high-latitudes needed the
evolution of new traits (e.g. tolerance to temperature
seasonality) that facilitated their evolution via ND.
Besides, in the genus Dioon (18 species), phylogenetic
and niche analyses revealed that NC is common when
comparing species-pairs that recently separated from
their common ancestor, whereas ND is common
when their elapsed time since separation from their
common ancestor is longer. This suggest that the NC-
ND continuum is also correlated with time due to
stochastic phylogenetic processes. My future studies
will include other plant groups and larger geographic
stages in order to test these patterns of correlation.
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reconstruction of the Neotropical cycad genus
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2.Gutiérrez-Ortega J.S., Pérez-Farrera M.A., Sato
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and ecological trends in the Neotropical cycad genus
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XXII-039 Characterizing Intracellular Viscosity and its functional implications

across cell types during Drosophila embryo morphogenesis
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Cytoplasm is a gel-like medium that is crowded
with membrane-bound organelles, biomolecular
condensates and macromolecular complexes. The
physical properties of the cytoplasm, especially its
viscosity and crowdedness, have gained renewed
interest, in light of the recent discovery that it
is spatio-temporally heterogeneous and can be
modulated by signaling, environmental stimuli and
cell state, suggesting that the medium where all
reactions take place is malleable.

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

In the present study, our aim is to measure
cytoplasmic viscosity in different cells in the
Drosophila embryo and understand its functional
implications on cell and tissue mechanics. Currently,
we have generated reagents for measuring intracellular
viscosity at different size scales, by subcloning
existing probes into Drosophila plasmid vectors and
have generated transgenic flies. We were successful in
generating the following reagents.

A:Probes reporting viscosity using
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microrheology based approach:

1.20nm-Genetically Encoded Multimer
(20-nm GEM), fluorescently tagged
bacterial protein which self-assembles
into a defined particle of 20 nm
diameter.

2.uNS-GFP, encoding self-assembling
viral particles tagged with GFP,
generating multimers ranging from 20
to 100 nm diameter,

B:Probes reporting viscosity using
Fluorescence resonance energy transfer
(FRET):

1.CRONOS,crowding sensor with
mNeonGreen and mScarlet-I, which
uses FRET signal between the two
fluorescent proteins to provide a
readout for crowding

2.GimRET, glycine-inserted mutant
FRET, wherein a mutant form of
Yellow Fluorescent Protein (YFP)
changes its fluorescence responding
to the hydrophobicity of the cellular
environment

C: Crowding sensor based on Phase separation.
This sensor encodes tandem repeats of
SUMO (Small Ubiquitin like Modifier) and
SIM (SUMO interacting motif) tagged to
a fluorescent protein. It has been reported
that changes to cytoplasmic viscosity lead
to different sizes of the phase separated
SUMO-SIM droplet.

These probes have been generated and well
characterized in other systems, but not in Drosophila.

This year we focussed on further characterization
of 40-nm (generated previously for Drosophila)
and 20nm GEM probes for our primary screen,
since FRET based probes require highly sensitive
measurements and controls which require more time.
We developed a pipeline to image these probes using
Spinning disk microscopy followed by segmentation
of images and tracking of these fluorescent particles
using Fiji software. Lastly, we extract diffusion related
data using a custom MATLAB script.

In the pilot survey conducted thus far, we found that
different cell types can be characterized by unique
intracellular cytoplasmic viscosities, correlating
with cell-type specific intracellular organization and
behavior. We found that cytoplasmic viscosity is
low during pre-blastoderm stages, increases during

blastoderm interphase and metaphase cycles and
reduces again during cellularization, which may
correlate with intracellular organization during
these stages. Post gastrulation, dorsally located large
and flat amnioserosa cells have higher viscosity.
It would be of interest to determine whether the
increased viscosity is related to its flat shape and/or its
intracellular organization, given that the microtubule
network in these cells is organized with parallel arrays
of microtubule filaments.

Mitotic cells represent a natural context to study
cytoplasmic viscosity. Cytoplasm inside mitotic
cells is reported to be more dilute than in interphase
cells. The dilute cytoplasm may be caused by mitotic
swelling resulting from acto-myosin cortical tension
and an increase in volume driven by osmosis. How
this dilution impacts the biochemistry of reactions
and mechanics of cytoskeletal filaments is not yet
fully understood.

In our experiments, we confirmed that the mitotic
cells, which undergo volume increase and rounding
prior to cytokinesis, exhibit low viscosity as compared
to cells in the interphase, suggesting cytoplasmic
dilution. We standardized a protocol for inducing
hyperosmolar shock for Drosophila embryos using
a mild detergent and Sorbitol solutions. Perturbing
osmosis using a hyper-osmolar Sorbitol solution is
sufficient to inhibit dilution within mitotic cells.
Specifically, we found that cytoplasmic viscosity in
mitotic cells under hyperosmotic shock is equivalent
to control interphase cells. Unexpectedly, interphase
viscosity causes significant mitotic delays, membrane
blebbing and chromosome condensation defects.
These data suggest that mitotic chromosomes are
highly sensitive to viscosity. We are particularly
interested in the possibility that following nuclear
envelope breakdown cytoplasmic dilution during
mitotic swelling plays a critical in partially ‘dissolving’
mitotic chromosomes in the cytoplasm such that the
spindle microtubule apparatus can have effective
access to the kinetochore during chromosome
segregation.

Our current line of work involves further
investigation of the molecular players involved in
the osmoregulation of cell swelling, cytoplasmic
dilution and their significance during mitosis and
morphogenesis. We would be characterizing the FRET
and phase separating probes and use them to map
cytoplasmic viscosity at different size ranges.

@ Poster Presentations
1. Poster presented at RIKEN BDR Retreat, 2022
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XXII-040 Molecular Mechanisms of De Novo Insect Gall Organogenesis

in Plants

Name: Xin TONG
Host Laboratory: Cell Function Research Team

Some insects in particular plant-sucking insects can
dramatically alter plant cell fates to redirect plant
development, and surprisingly induce organogenesis-
like de novo formation of plant tissues. The abnormal
tissues are named galls ( BB & /3 ), and they are
usually well-organized tissues as microhabitats for
development and reproduction of the inducer insects.
To interpret the deep-seated mechanisms of insect
gall formation in molecular basis, I raised three main
questions for my current research: 1) what is a gall
in cellular basis? 2) What are those uncovered gall
effectors and their functions in gall formation? 3)
whether we can apply those gall effectors for future
crop production? Currently I am employing aphid
galling system on Japanese elm trees for the whole
experiment design, though there are more than 30,000
gall-forming insect species noticed by scientists. By
using scanning electron microscope to track changes
of cell types in gall tissues, we found that cell types
are changed dramatically in gall tissues compared to
normal leaves: cells in galls are actively in division

RIKEN Center for Sustainable Resource Science
Laboratory Head : Keiko SUGIMOTO

and in particular the acquisition of vascular cells and
tissues. The preliminary comparison also shows that
palisade cells may be the main targets of gall effectors
to be transformed into gall tissues by potentially
dedifferentiation and redirected differentiation
for vascular formation. In addition, a list of gall
effector candidates was selected after careful sample
comparison and proteomic analysis using LC-MS/
MS as well as bioinformatic analysis using SingalP 6.0
and TMMHM. The functions in gall formation and
potential application of those effector candidates on
crop plants are undergoing further investigation as
well as more potential effector candidate are under
investigation.

@ Oral Presentations

Conferences

1. Tong, X., Akimoto SI., & Shigenobu, S.: Symbiotic
Interactions by Aphids Galling on Elm Trees. XI
International Symposium on Aphids, Targanice
Poland 2022, September 11-17.

XXII-041 ey P s 2 M U 78IS 9 2 AL2A IR BG RS o iR W]

Elucidation of Chemical Defense Mechanism against Plant-Parasitic Nematode Using a

Novel Plant Resource

EYETERRIIEE FOEERERTH DN\ BYD
RBIETMEREOBRLEATVNEWN, ZDEBHRD—D
IZ. ETIBYZE AWM BOBITN TERNT
ENFEITEND, —A. BERGCTIRIIRRFEZR 12,
BENMEEIOREEARELVTHAYT 5. BEERRKENT
PNTWS, EEARKETIE. T TRREELXMFIL
DD, W ETRREZNETE S, CDOLSICAKREE
BRBECERED. BRDRSIETIEEBIIFEACH
RINTIHDofco BAPEU TIREETEAARELT
AT TWBRNL/INA (Solanum torvum) &WSHE
MET7LFVFZRIAT Y F a8 R (Meloidogyne

AREKS @ EB —¥#8 Kazuki SATO
RAMAE | REERBEMR LY I —
e GeEmER I I—7
(FAER BAE
arenaria,Ma Hi8) 72 EZ DR RICT UL TIEIMETH
S BEHREWC EICTLFITRIATEY FaoRMNE
(MaZ=) I3 LTI TH %, Lich > TMaibiE.
KU Ma AMNBEFEICHENGNUNLADIGEZRHSH
ICT BT ET, MMBERRICH T DIETMEIGE & BRZ D
EZHSMCTES, ZI TEAMARE TR FADAER
THBNINLEMaHiB/ MaRINDRERFZZRAWT,
HR RIETTIE R ORERR ICEXD R,
REE ST ORENE SN,
NUVNLDT/ NERZEFHICICERBS B1H. 19
FUT7ILET4LDNAY—4 >t — (PacBio Sequel )
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&> TREBLIEAY Y U—RES EICLIZT /LD de
novo 7> 7 %&ETEoTc, ZDIER. EFETH DT
ADERERT /L7127 (Wei et al., Hortic Res
7,153 ) mESERERT /LTy T UM ELENI,

- Ma HRBITRRE LT ML/ LADRIER Tld. ZRAHY
DEERICEADLZBEFEHNFEEIND (Sato et al.,
Front. Plant Sci. 12:680151), #Z TKhJL/INARIKT
FEINDBHYEZESHICT B, 'MaHEH
RF UM LDRIR) ETRFELTWEWNL/NAR
) EZIEBAYIRNO—LBITICH Uz, ZDHER. ]
HREERICHFEN D ECEDOBERZRDAL I EICHT
Ufco

O[15EH X Oral Presentations

1. B —¥8, PIEERSA, Pamela Gan, HEREE A, HBILF,
M. Shahid Mukhtar, BZBE : “RNAEEY V/I\UE
EENETZRATEYFaVI T I9—ICL2RE
MHIEBORNT, SHN-EEEMREFSRS, A
Vo4, 38(2023)

2.Sato K., Kadota Y., Gan P., Uehara T., Maki N.,

Mukhtar S.M. and Shirasu K.: “Understanding the
molecular basis of plant and root-knot nematode
interaction®, International Symposium on Plant
Development and Biotic Interaction, Kumamoto,
Japan. Dec.(2022)

3. fBE—¥E, PFIEHERSA, Pamela Gan, EREEA, BT,
M. Shahid Mukhtar, HZAE:* *x17 Y F21UT 7
VY —c LB EYREMFEBORNT", HARRF
REIMAR, AV 51>, 117(2022)

4B E  EYERRONADNSHFEDD FANZ
ALI282", MBMADRKEZR DR 2022, A5
1>, 8H(2022)

@R A5 —H3K Poster Presentations

1.Sato K., Kadota Y., Gan P., Uehara T., Bino T.,
Yamaguchi K., Ichihashi Y., Iwahori H., Maki N.,
Shigenobu S., Suzuki T., Favery B., Mukhtar S.M.,
Shirasu K:*Molecular insights into an interaction
of resistant plant Solanum torvum and virulent/
avirulent root-knot nematodes®, 7" International
Congress of Nematology, Antibes(Online), France.
May(2022)

XXIl-042 Evolution in Class Structured Populations

Name: Thomas James HITCHCOCK

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

Laboratory Head : Tetsuo HATSUDA

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 certain
classes of individual contribute more to the future
than others. Understanding such class structure and
its consequences is key to understanding a whole
swathe of biological phenomena, from trade-offs
between sexes (sexual antagonism), to the evolution of
senescence.

In the past financial year, I have been developing a
series of models to understand different aspects of this
problem, with three main threads of research. The
first considers trade-offs between males and females in
species which change sex through the course of their
lives (sequential hermaphrodites). To investigate this
phenomenon, I first described how genes flow between
different ages and sexes within these different types
of life cycle. Doing this enables a calculation of the
reproductive values, i.e. the expected contributions

of these states to future populations, and thus how
relatively strong selection will be in these different
classes. I then built an explicit population genetics
model of a simple two-sex, two-age model to illustrate
these principles, and which enables us to relax
assumptions about the strength of selection. Secondly,
I have been adapting a series of classical population
genetic models to the unusual sex chromosome
system found in certain species of flies (Sciaridae
and Cecidomyiidae), whereby there are two distinct
types of female (gynogenic and androgenic), who are
determined by the combination of X chromosomes
they carry. This has included calculations of effective
population size, the deleterious mutation load, and
the fixation probability for different types of beneficial
allele. These predictions will be compared to empirical
data collected by collaborators at the University of
Edinburgh. Finally, I have been synthesizing and
reviewing recent developments in demography and
connecting them to the relatively misunderstood
concept of reproductive value.
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@ Publications

1.Hitchcock, T. J., & Gardner, A. (2023). Sexual
antagonism in sequential hermaphrodites.
Submitted

@ Oral Presentations
1. “Genetic drift and gnatural selection” - iTHEMS

Biology Seminar Series (Online, November 2022)

2. “Reproductive value and selection in age-structured
populations” - Population Genetics Group 56
(London, UK, January 2023)

3. “Paternal genome elimination promotes altruism in
viscous populations” - Ecological Society of Japan
(Online, March 2023)

XXII-043 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

The cortical circuitry and physiological states
underlying vocal signaling in primates are largely
unknown. To achieve simultaneous recordings of
the premotor and motor neural population with
calcium imaging technique and of the calling
behavior, marmoset monkeys, Callithrix jacchus,
have to be trained to vocalize on command under
fixated conditions. This can be combined with
physiological telemetric recordings for monitoring
the cardiorespiratory fluctuations during spontaneous
to controlled vocalizations. Additionally, laryngeal
electromyography could provide important insights
into the learning process to control the laryngeal
muscles. The final goal of the project will be to
understand the organization and plasticity of the
neocortical microcircuits responsible for vocal motor
preparation, initiation and execution, vocal cue and
reward processing, as well as call-type representations
based on spectrotemporal features and call-associated
arousal states. To achieve this goal, four marmoset
monkeys have been habituated to the recording
setup under body-fixed conditions and have been
trained to vocalize under positive reinforcement to
receive a reward. In this experimental context, they
initially produce predominantly phee calls, to contact
conspecifics in the distance. At a later training phase,
it is expected that will increase the variety of calls they
utter. When trained to volitionally vocalize they might
tend to produce short calls more often and decrease
the duration of longer ones. To know if not only in
the setup but also in the facility environment they
modify the vocal repertoire we acquired an acoustic
camera. This system will be implemented to visualize
the monkey caller on the camera images in the animal
facility, where pairs of marmosets are housed together.
It will allow us to monitor the difference between

RIKEN Center for Brain Science
Laboratory Head : Masanori MATSUZAKI

the spectrotemporal features of the vocalizations
during pre-training and post-training, to see if the
monkeys can extrapolate the learned behavior to
their routinary vocalizations. In addition, to visualize
the premotor and motor neural population during
1-photon and 2-photon calcium imaging recordings,
a cranial window has to be placed at the target
area. Craniotomy and durotomy operations have
been done on rats to perform them on marmosets
at a later stage. This process has been refined with
an ultrasonic drill: piezoelectric vibrations cut the
bone and make the process safer to protect the soft
tissue. Furthermore, laryngeal examinations have
been performed on both rats and marmosets, to later
obtain electromyography recordings from the larynx
of vocalizing marmosets. The main internal laryngeal
muscles involved in phonation and contributing to the
voice pitch are cricothyroid and thyroarytenoid. The
anatomical structure of the larynx and specifically
of these muscles have been identified and studied
in anesthetized rats and in a marmoset cadaver
through a ventral neck incision and by laryngoscopy.
Electromyography recordings will be performed on
rats and marmosets to relate the vocal output to the
laryngeal activity through a collaboration with an
expert in the field, Dr. Riede. Finally, a non-invasive
setup to record electrocardiography and respiration
has been arranged and tested on anesthetized and
behaving marmosets. The visualization of a large-
scale neuronal population including premotor and
motor areas would be highly beneficial to disentangle
the organization and plasticity of the vocal cortical
microcircuits involved in vocal communication. With
this multimethod approach, we will be able to study
the learning process to volitionally vocalize at the
behavioral, physiological, and neural scales.
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@ Publications

Original Papers

1.Risueno-Segovia C., Koc O., Campéroux P. and
Hage SR.: Cardiovascular mechanisms underlying
vocal behavior in freely moving macaque monkeys.
Iscience 25(1), 103688*

2.Risueno-Segovia C., Dohmen D., Gultekin YB.,
Pomberger T. and Hage SR.: Linguistic law-like
compression strategies emerge to maximize coding
efficiency in marmoset vocal communication.
submitted*

@ Oral Presentations

International Conferences

1. Risueno-Segovia C., Koc O., Campéroux P. and Hage
SR.: “Cardiovascular mechanisms underlying vocal
behavior in freely moving macaque monkeys” CIN-
NIPS-Asia Pacific Systems Neuroscience Symposium
2022, virtual, March 7-10.

@ Poster Presentations

Domestic Conferences

1.Risueno-Segovia C., Dohmen D., Gultekin YB.,
Pomberger T. and Hage SR.: “Selection for efficiency
of vocal coding in marmoset monkeys” RIKEN CBS
Retreat 2022, Kawagoe Japan, December 9-12.

XXII-044  Elucidating the Brain Mechanisms of Fatigue in Motor and Cognitive
Functions Using Ultra-High-Field fMRI

Name: Sofia LAVRENTEVA

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
central nervous system. However, the mechanism
of such central fatigue is still unknown. We
hypothesized that the brain actively suppresses our
performance to prevent the body and brain from
being damaged due to excessive use. In this study
we aimed to elucidate the neural mechanism of such
active suppression. To achieve this goal, it is necessary
to establish an experimental paradigm that would
allow to manipulate the extent of active suppression.
This was the goal of this year’s research.

First, we tested the possibility that active suppression
might be inhibited by diverting attention away from
a fatiguing task. We designed a fatiguing muscular
endurance task in which participants repeatedly
had to grip a force sensor with the highest force they
could sustain for 12 seconds. To divert participants’
attention from the primary gripping 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. This is consistent with our prediction

RIKEN Center for Brain Science
Laboratory Head : Kazuhisa SHIBATA

that diverting attention away from the fatiguing task
can inhibit active suppression.

This effect should be distinguished from possible
facilitatory processes in the brain. Such processes
might entail heightened motivational state (e.g., due
to a monetary reward) and improve performance.
In additional experiments we introduced monetary
reward and confirmed that facilitatory influence of
motivation is distinguishable from active suppression.
Double-task paradigm allowed us to inhibit active
suppression. We are currently developing a paradigm
in which the effect of active suppression can be
both increased and decreased. We plan to focus
participants’ attention on either the gripping or
the opposite arm by introducing a task in which
participants will be required to detect subtle electrical
stimulation to one of their arms. We predict that
attending to the gripping arm will increase and away
from it decrease active suppression, thus respectively
decreasing and increasing gripping force.

Overall, this year’s experiments established a robust
paradigm to manipulate active suppression in a grip
task and facilitated our understanding of the processes
behind it. Moreover, since our experiment used MRI
scanner compatible force sensor, these experiments
can easily be translated to an MRI experiment, which
provides a ground for investigation of the mechanism
of active suppression on the neural level.
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W7z VHL R ETILOFEE

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.

TAx> - By~RJL- YR (von Hippel Lindau:
VHL) & (F. VHLEGFERZTRERE T 28R 2ME
FEZN U B HNEFEZRFHE T 2EEHEHRT
TH B, TDREEELT ARKEE - MAHRAED
BENTH DD BEENEL BREARBEERIEEL
B\, INFETIC. EMNVHLEDEMZBEMWE Lz VHL
BIREFRENIRZAVWCETDEASNIH, REX
BT RBICEIT2MEFREDRIBICLDHEERIEL
BO ATOREBETIR, & TOBICE S5 MEZFE
N—HTRESNZIBET FEBETILELTUIRT01
BDEBRO>TWS, T THRIFETIE. BERKEMNIPS
(induced Pluripotent Stem) flifg B\ T, MEHE
CEWTEERMERNKMENEMEFEZITV &
EFEEOBWIIEAINA /A RETILEFHRICHEBET
52 ET ERNVHUROREREITZEH A co AIAE TH
SNERELT BT, BEEWRA/N\AAUY—X
Rty Y —CERICRBLTWSVHLERERIPS i
fa (BE3ED 18%) =fEAL. TR BB VHLER
FEEBAERE U, £2IC. BEZIPSHilEHRSY
IC VHLIRRFEM IPSHifgh SME RN EMEANDMLEE
BREMIL. ThoMBERNERMEEZIZ—7 VT ILA
TZRTWEIT D LT MEMEN RS - RIS
EAINA/ARETIVEER Uc, B=IT, VHLRER
HIiPSHIREEROMEAILA /A R TlE. BEEHIPSHH
FEEROMEAILA /A REEBRLT, MERNEMAIED

AREKS  FBE FFHE Hidenori ITO
ZAMRE  NAAVY —AAREV T —
iPS Ml R TR T — L
(FFE&R ™ ¥
BIEREN &< FETIMERVBEZICRVWIEZRE
Ufco —A T VHLIEREEMIPSHEICXY L. LY F 00
ARG 5 —%ZFAWTVHLEGFEEA UL VHL IR
EE|IPSHETIX. MEAINA /A RETIVICEITZH
EMEBEQEENMNHEITZEEHSMNC U, 25D
ERIF. VHLECFEEREZE I 2 MEANKMIIDIETE
EED MEFEZREITZ—HATHEBIEZRELT
W3, St BEULMEAINA /A REeRBREIY VA
ICBEEEREL. NIEFEZELCIEREMETYTR
EFIOERICEFTZEEEIC, EMNVHLEOFHRAR
BRTORREZEDDFE TH 5,

O[IEEF K Oral Presentations

1 FEEFHRE, ERFR. LRRT EMIGE, SIEEX.
AT BERENIPSHRBAROMEAILA /AR
ZRAWCREETILOBE, BIERREBRAE - A
ARE - B £ESBFEAEY VIRV VA RRERK
FPREFTSEIEE274—74, 9B17H(2022
F)

@R A5 —H3K Poster Presentations

LRESFE. CEFR. IRERF BEMBE alBE
EMEFT BEEBEEMNIPSHZEROMEAILS S
A RZRAWREETILOEEE, 5 9[E Wakate BRC
Conference (WBC). BILEHAFTATIKEEER AV
14 FfE. 10B4H(2022%)

—167—



XXII-046 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

A trend to capture subconscious and unbiased data
through implicit methods is growing. Interestingly,
eye-tracking technology provides a moment-by-
moment assessment of thought processes. Notably,
this non-invasive technology has been proposed to be
highly effective in revealing information about one’s
cognitive abilities. Nevertheless, few investigations
have taken advantage of eye-tracking to study visual
attention among clinical populations, such as patients
with Alzheimer’s disease (AD). Moreover, in the
context of AD, the neuropsychological “pen-and-
paper” tests have been thoroughly researched in the
past years. However, although theses traditionally
used cognitive screening tests are clinically valid,
they are neither simple nor sufficiently short as
routine screening tools for dementia. Since many
older adults encounter cognitive impairments, this
project investigates their decision-making processes
and memory recall. In short, three experimental
tasks aim to (1) examine gaze behavior strategies
under two different evaluative processes and (2)
clarify the cognitive processes involved in memory
recall and recognition among patients with mild
cognitive impairment (MCI) and AD. The proposed
paradigm opens new opportunities to harvest gaze
metrics as potential biomarkers for MCI. Future
results will contribute to a better understanding
of visual impairments during the early stage of
AD. Furthermore, this project is hoped to provide
directions in future diagnosis procedures of AD and
MCI and empower next-generation digital health care.

@ Oral Presentations

1. Wolf, A., Tamura, S., Mitsudo, T., Ueda, K., &
Hirano, Y. Information Processing Abnormalities
among Patients with Schizophrenia in a
Decision-making Task, 38th Annual Meeting
of the International Society for Psychophysics
(FechnerDay) 2022, Lund, Sweden, August 2022

Goal-Oriented Technology Research Group
RIKEN Center for Advanced Intelligence Project

Laboratory Head : Mihoko OTAKE

2.Wolf, A., The Potential of Gaze Parameters in the
Diagnosis of Mild Cognitive Impairment, First
International Workshop on Complex Systems
Science & Health Neuroscience, Doshisha
University, Kyoto, Japan, November 2022

3.Wolf, A., Eye Movement Abnormalities in
Older Adults with and without Mild Cognitive
Impairment, A*STAR CFAR / RIKEN-AIP
Workshop, Hybrid event, Singapore and Japan,
December 2022

4.Wolf, A., Eye Movement Abnormalities among
Clinical Populations, ETH ZURICH EYE-
TRACKING WINTER SCHOOL, Ascona,
Switzerland, January 2023

@ Poster Presentations

1. Wolf, A., Tamura, S., Mitsudo, T., Ueda, K., and
Hirano, Y., A Preliminary Study on Evaluative
Responses towards Naturalistic Food Images among
Patients with Schizophrenia and Healthy Controls,
European Conference on Visual Perception 2022,
In-person conference, Nijmegen, the Netherlands,
August 2022

2.Wolf, A., Tamura, S., Mitsudo, T., Ueda, K., Hirano,
Y., Otake, M., Evaluative Responses towards Food
Pictures among Clinical Populations, ETH ZURICH
EYE-TRACKING WINTER SCHOOL, Ascona,
Switzerland, January 2023

@ Other:

1. Hosted Research Topic in Frontiers in Psychology,
entitled “Early Indicators of Cognitive Decline,
Alzheimer’s Disease, and Related Dementias
Captured by Neurophysiological Tools™ https://
www.frontiersin.org/research-topics/44219/early-
indicators-of-cognitive-decline-alzheimers-disease-
and-related-dementias-captured-by-neurophys
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XXI1-047 HAREPHRIZ & 2 FEE & 0202 O HIHIBEHE O fi i

Identification of brain centers controlling thermogenesis and immune

HESEMEEDHRFICHADRIGTHD, BIEHD
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XXII-048 Human Variation Driven by Mobile Genetic Elements: Disease

Association and Evolution

Name: Shohei KOJIMA

Host Laboratory : Genome Immunobiology RIKEN Hakubi Research Team
RIKEN Center for Integrative Medical Sciences

Laboratory Head : Nicholas Fredric PARRISH

Applying the bioinformatic tool we developed to
global humans and Japanese, we cataloged mobile
element variations in over 7,000 subjects. Integrating
mobile element variations in the framework of
statistical genetics, we evaluated the influence of those
on gene expression and disease.

- Biology of mobile elements

LINE-1 and SVA insertions were more frequently

found in East Asians, particularly in Japanese. LINE-
1 insertions were often found in late-replicating
domains of human genome, while SVA insertions
showed opposite trends; these were frequently
found in early-replicating domains. Alu insertions
identified in Europeans were often found in late-
replicating domains, however, this trend was not
observed for those found in Japanese. These suggests
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that the activity and the insertion preference of
mobile elements are not the same between human
populations.

- Influence on gene expression

Integrating mobile element variations in eQTL
mapping, we evaluated the gene regulatory potential
of mobile elements in 49 tissues. In testis, mobile
element variations were more frequently associated
with differential gene expression compared to SN'Vs.
Mobile elements with pol-II promoter (i.e. LINE-1 and
SVA) had higher effect sizes compared to Alu, which
carries pol-III promoter. By checking overlaps with
epigenetic marks, we found mobile element insertions
in enhancers can attenuates its regulatory activity.
Alu insertions in 3’UTR also often influence gene
expression interacting with a RNA-binding protein
FAMI120A. Those represents class-wide interpretability
of mobile elements.

- Risk of disease

Performing genome-wide association study (GWAS)
with MEVs for 42 diseases in Biobank Japan, we
identified 5 mobile element insertions tightly
associated with risk of disease. Notably, we identified
a LINE-1 insertion in an intron of NEDD-4 gene
is strongly associated with the risk of pathogenic
response of skin, called keloid as well as the increased
expression of NEDD-4. Knocking out the LINE-
1 in iPSCs, we validated the LINE-1 insertion is the
cause of increased NEDD-4. Increased expression
of NEDD-4 is an already known cause of keloid, the
LINE-1, suggesting that the LINE-1 is a genetic factor
increasing risk of keloid.

Those results were submitted and provisionally
accepted in Nature Genetics.
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Y, and Parrish NF: Mobile element variation drives
population-specific genome diversification, gene
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Sato K: A hominoid-specific endogenous retrovirus
may have rewired the gene regulatory network
shared between primordial germ cells and naive
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1.Kojima S: Preparation of Non-overlapping
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Development of a High-Efficiency All-Optical Switch Using “Quantum” Metamaterials
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Development of Technology for Valuable Chemicals Production from CO, Using

Microorganisms
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XXII-051 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 monitor biological events over
extended periods of time and throughout an entire
mammalian organism, but existing tools, primarily
based on optical microscopy, cannot fulfill these

RIKEN Center for Brain Science
Laboratory Head : Atsushi MIYAWAKI

needs due to limitations associated with optical
systems. Recent advances in genome editing and
next-generation DNA sequencing offer powerful and
inexpensive ways to write and read cellular genome,
raising the possibility of storing the history of
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biological events into cellular DNA, which can then
be retrieved from biopsied or post-mortem animal
tissue. While pioneering studies have demonstrated
the feasibility of such approach, existing tools
generally lack the capability to record the timing
of events. The present research aims to build an
intracellular clock that is capable of storing the timing
of user-defined biological events in the genome of
single cells. To achieve this, a biological timer was
designed based on a DNA element that continuously
accumulates mutations over time, so quantification of
the mutations will potentially allow the user to infer
the elapsed time since clock activation, which can be
coupled to the timepoint when a user-defined event
occurs. Successful implementation of this intracellular
clock can potentially enable non-invasive, long-term
tracking of physiologically relevant events, such as
viral infection, inflammation, or exposure to a ligand,
across an entire animal, and find diverse applications
in biology and medicine.

Research efforts this year focused on implementing
the proposed biological clock in mammalian cell
culture, where extensive characterization and
optimization will be performed prior to in vivo testing
in animal subjects. Components of the clock were
assembled into DNA plasmids, and were integrated
into selected locations in the genome of a human cell
line via twin prime editing, a state-of-the-art genome
editor. Efforts next year will focus on confirming
the intended behavior of the timer in the integrated
cell line, characterizing the mutation rate and its
variability, and designing a strategy for recording the
timing of multiple recurring events.

o Publications
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1.Yu C.C., Orozco Cosio D.M. and Boyden E.S.:
“ExCel: Super-Resolution Imaging of C. elegans
with Expansion Microscopy,” Methods of Molecular
Biology, 2468: 141-203 (2022)
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Development of Biomolecular Deposition-Photon STM for Elucidation of Photoelectric

Conversion Mechanism in Photosynthesis
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photocurrent channels”, The 22nd International
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XXII-053 Progress Towards a Coplanar Lumped-element Josephson

Traveling-wave Parametric Amplifier

Name: Chung Wai Sandbo CHANG
Host Laboratory . Superconducting Quantum Electronics Research Team

In this work, we focused on the design and fabrication
of a four-wave-mixing Josephson traveling-wave
parametric amplifier (JTWPA) based on a periodically
loaded nonlinear microwave transmission line, with
the goal of developing crucial building blocks for
quantum computer. To realize a high performance
JTWPA where gain is typically evaluated using a
lumped-element model, it is critical to develop a
microwave waveguide circuit which exhibits well-
predicted behavior that can be mapped to the
corresponding model. With various waveguide
designs studied in simulations and experiments,
we have arrived at a scalable spiral-line waveguide
design which minimized any undesired periodicity
previously observed in a meandered-waveguide
design. Using a novel waveguide architecture densely
loaded with air bridges, the minimum separation
between the adjacent spiral lines has been further
reduced, significantly improving the utilization of
chip area comparing to similar spiral-line waveguides.
Also critical to the operation of a JTWPA are
Josephson junctions with highly homogeneous critical
current over the whole JTWPA waveguide. A small
standard deviation of five percents in the junction
critical current can already significantly affect the
transmission of the waveguide, deviating it from the

RIKEN Center for Quantum Computing
Laboratory Head : Yasunobu NAKAMURA

lumped-element model and further degrading the
performance of the JTWPA. To achieve the desired
junction homogeneity, various existing junction
fabrication recipes used in the field were studied.
Conventional Dolan-bridge techniques were avoided
due to its free-hanging resist structures which could
introduce uncertainties in junction formations.
While other designs such as sun-glass-type junctions
were able to produce a sufficiently low uncertainties
in junction critical current, we observed a lack of
robustness due to its thin-wire structures. Based on
the Manhattan-type junction design, we developed a
new recipe which allowed us to increase the achievable
junction area from typically being less than 100 nm
square to over 1 um square, a large junction area
desirable for JTWPA fabrications. Without any narrow
structures nor free-hanging structures in the junction
geometry, the new recipe has shown higher robustness
against fabrication error, while also maintaining a low
uncertainty in critical current as small as two percents
over a chip area of a 4WM JTWPA. With these, we
have fabricated new 4WM JTWPA samples, and
have tested the new design in a dilution refrigerator.
We have observed a significant improvement in the
waveguide transmission behavior, where the device
gave an expected smooth transmission with minimal
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ripples and a well-defined bandgap at frequencies
within a few percent from our simulations, while
the obtained gain fell below the expected value, to a
maximum gain of 10 dB over a bandwidth of 1 GHz.
We have identified the possible reasons to be with the

aggressive modulation in the periodic loading design
and will next fabricate and test the corresponding
new samples in hope of obtaining higher gain and
bandwidth.
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Integration of Mechanical Phenotyping of Cell Membrane and Transcriptome along Aging
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Development of High-Sensitive Disease Diagnostic Device by Integrating Polymer Science

and Engineering
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Development of ion source operation method applying machine learning
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