1 —AgYIEIE R

1.1 LFHAEE

FEDF ) I ATV ZADRBICED ., BFHFRHF.
WFEZEF 1HEOL L THEEICHEL, #HT 23
ZCDAREICR o T E 2, HIFFRETIE, 2D XS
HEWHIEMN2E T 32 TORFZIRMBEDMRIA L
ZFOEHWE B F ) R — VOS2 - FiEH %D
% His L CHERZE 2T > TV b, FHCIAFED
LT —< 2 o TW B3 Dk, BHIFEFSME - IF
SEEBARCR DL, B X, BT - Hial 122 e 1EH
o ATHIREORIETH 2, L—F -GNz X i
SREET L ETHHEIINZREFRICBWTIE, &Vl
MDD T, R=R-7 4 > 2 XA Vi (BEC)
R OEMRNE TS, BRI, FHEYEE 8
PILEBHRZADH L, Z0REATEEHLVE
T2 O R TR T B TE S, fAT-
Bk, BEAOEIRSCE FREDOKIEFADHE NI
HLIWHRTRDIEL =R Y XA F 37 2, IEF
HMRIZBI 2HODE, NILF—SHHTORTF
RV RPMEE T, LB T ROEEE L I
DWTHFSEZITo T W3, FRIFCRAZHIE, HWRE
F—U— R LTE TR DR S 1
ZEL, YWHEEREMSIELHTHONMELH
BIMRIC WD HATY S, BIZHIESRS 7 4 — K
Ny ZHIHEZITO B TOBROTNICER L, 2
HEOE RIS EOEH O, IRHINE
DEALFITA, WEBRIPSDNINL =T Vit
EREDHERIToT WD, X5, FAT=H I3
FHEDPEBEE B A EHRUE O T n+ ICiEH
L. SO HED 5 AL P E OFRARIZEL D 4
ATW3,

AHRFRUE - IEFERBR

Lieb—Robinson [RRICE D FHREFZHRRDOE
BAEXOEH

Markov 72 BAE TR DEEITHI DR EIFE R % itk
3 2 5 LT, Gorini-Kossakowski-Sudarshan—
Lindblad (GKSL) RO &F~ 2 % —7ifEX (GKSL
H1ED) pHIshTws, ZoAERIIREERE
BoSELIEMENE - b L — A RFME - Markov ED &0
5 Z DD GKSL BNZRE X5 &\ 5 HK TR
BHTROWIUICBWTIFFICEARNTH 55, KRR
BEEDALI=_RVEALFIIALLHFELTIDS
BE I 78N T2 2 L I3IEEARMETH 3,
Y, BRIEST XAV B EERETE GRE

1.1.1

LD ERHWEHIZ, EEHRPETFZRROGES
I Z DA SRERBHE L. R ZE#EB LRz
LTCHE LN HERAPREMEICECERIER T 2 IE
S S DI 2 & WS BEEDR D o 72o RIS
Tk, FFEEER S 2 272 IKRICB T 2 HERIE
o5 2 — R HIBR T3 % Lieb—Robinson fR5}
PHWT, B AB0RIEZ $ > GKSL g T~ 2
X—HERO I 7ahs0BEHEERHLE 2, B
KX, GKSL AFERD 2 Z7uprspEfics
W, Born-Markov IO R TE 5415 Redfield /7
BROBRIEICIHN 2 HEERALRROEE I L
Lieb-Robinson RS & AW TEGRIEZ /ATt 3% Z
Y C. AT ECRIE R 3O GKSL TR RGH
WCEHTE 3 2 2RL, BEFHIE LT, BUuse
BELAH T 2 v 3 F VHZ BUERNZ T L. Lieb—
Robinson [R5 % W TEH LU 7-FPr GKSL HER
M DOEHOBEHEHNICBWTRDE A F I 7R
PHRERLGERTZZERLE,

BRDBHBR—R-T A > a1 %A1 2 BEEDER
E2)jc 3

T E— R ¥ b2 bDRT 5T DIFHISIARIE,
XA R—)L BEC IZIREXN 3 EFMHEEERZ S
DERRODBFIIal—2a v EBERTEIEDH0D,
7V — ol oy b7+ —2s 2 ULTH
FFENTW3, BhrTHEHREMDO—DOH, B
BRI BB Z b OB JFF o FRAT
H2, UL, BHIZ MRS S 2 K
02 B ARAGBRINCZIT. e D DR — 2R+
ZTHEANTH 2, LIDoT, FD LS REGHETT
LW X7z BEC 25@REE 2 R~ 0Bk HES
%2k, A EERMETH 5, AHK[4] T
. B FAHEER A n 2O G BFEETS B9
F BEC I3 2 BIRENCEEMZME L2, 20
AR, N TPEMHEERBPFELRWEETH->Th,
Butas BEC OO, W TIZBIREN: %5
EBLY2ZZERLE, ZOHRICHZ2YEIT. —
Ra 2250 FRNCHBE 2R L, BRNCF I E
VER L L& E | Z BT HIch %, MAT, 1
BEC XS TH HAEFIINS 2 BRI X -
TEHCH ETZ e 2RWE L, 5612, M
HEHDOR W BECIZBWT /AR ZDAIZ L 5T
B LEIERXINS Z e Z2EEIRL. b
DFSEMHIEL (K1.1.1),

O—NXT74I)L2—%FBAWF /RFOEFT 1 —
RNy 255

FHF I RFRIZ. R T T vl BHWTEZ
FCHifR S =, BN 100 nm D> ) HRL T 5
RBRTH D, FHF /7 MIXWENEE b 727
Wiz, BB A XDEEBRIZL AT RV, T
DR/ 4 XMETE» L. BRESG - IEE - EHK
YEREATAEREYL Y- LTOISHP. BM
METELEDOTIREICRE SN 2 BEYHE OB



1.1. EHERE

1. — PP A

y(Hm)
=)

10-1

1013

6 -4 -2 0 2 4 6
x{um)

1.1.1: —{kn AD R TD Gross-Pitaevskii /5 FE
ROBUYES 2 2L — a UFER 4], KT EAEH
DIV H b5 THAEN S 75 FTHBEIC K- T
BEC »@mEE 215 L. & At himhidmis
s,

DEHDTSy b7+ —Le LTONMEBEIRFEN
TW3, 25 LEHZERTAEHEL LT, #i5
FNTOELEHERZBHI TS Z B AARTH
%, AL 8] TIXE T, HiEHE N ICH 2=
TRRAFIRE) iR L. MERRIECTRT Yo v
INBS T EREZ T4 —F K RNw 2 REALEETIL
PRES L. B/ RFoEE) & 20 B iERM
HRRZPEH L, 51, a—2A 74 VX% H
W27 4 — RNy ZBHENERRR L. EH L 6ER
WA ER BT 2 2 2T, BERRERRIK T +
J VEERBEFMEL 2, FORBR, AFEINEEKD
LQGHlHB I a—n1 RE ¥y 7% kR 2
BEEEL., EhERW7 ) VHEEREERTEAZ
YEESLICL, BT, FERINCERICBWT
BIESHRD 1 IS W E TH ELZGEIIE. A
FEIEFEFEORESEROLI B TITET S 2
LHRULE, T, AFEPEDOFHEFIREADEH|
EEREET ET, KEREMUEEET 22 2EK
35,

1.1.2 EFi - Rt HhRCBERER - AL
HeEDRE

S =12FXEVHEHOIERFED DR

BT ZIRRDOFEHENIRER FES 2 5 2T, REN
REOBFHR R 2RO ESRIIE N Ry — L
%%, —HT, BOE iR a3 &5 RN E T
ZRBDRAF IV ABEZ B S ZTIE AR
RELIRAZ BN ET Ao TS, [EoT,
B RS2 MM RE e S BT 2 20D
R ORI D #3729 I2iE. =

ii

R ER2H 2w b, ThbbIErE %
MY ZERRETH 3, 2019 FICHIDH TEKM LR
DIERTRED D A ZFEH S TR, 2 DR D
JETRES DRI X N C & =— 5T, 205 DIFFEIR
2BV 1/2 DRIWLNAT Wz, RIFETIE, Y
v 1 ORI BT ARRE LT, BAMMYSGE D
D bilinear-biquadratic (BLBQ) $#% > 7z, Zi
IIAE Y 1 @ Heisenberg $85°. Affleck-Kennedy—
Lieb-Tasaki (AKLT) #8% &r, FA 13k Z DM
A, BLCHI &S TV 2 AFE D R 2 BRWTIERFED T
HbZEHEICEIALK 5, 2, BRAE Y
RCIERTRED D B REH X Mz B Ol % 5 2
%, AKLT BARNIZ R DIEEN 2 = L —[EH K
REx b ORI D BARIFITH 2, JEAFEDRICBIT 5
Z D &5 REFIREEDIFEIT R T ZAREH & I,
BOEMi L 2T 2 S D—DTH 5, Tk DFERIL.
BAERNC A S MEE X T & 72 AKLT BB o IERTHE
SRR AR 5 2. ZORICBVTRTZIK
D AR L NI OMETH B Z ¥ R LT
W5, EHIT, A I - UL) SR - I
R EE R - 2 BRI 2 & D generic 72
S = 1SR ZILR L. Z O RE 1/ IERTRE 1
BEERIHHE LTz,

BFPOST BRI BZINIAVIILDT—EY

27 R 2 VOBEERICIHEER LIS TH
RIAT DT —ENI, B ERHIEYL 7 4 —
RNy ZHIENC X > TR LY brE—%2 RT3
ZrTHRIPOLMAFEZWOHT, 2O, HET
FERLVEOBRI Y2 RS 5 L ToOEELREY
HLTW3, —HT, BETRIZBOLVTIEREDLED
i d B TFICRFE RHIERRD 7 > X 2 ISR
LEBETOLENREET S, BETOLETR2EFT S
RIZAT 2 ADT—FNE. T 4 — Ny ZHlfe
IHRBWEB I C BT 2 BT EoRE 2 EES 2 L CcH
BREW, ARIFFETIE, HHRTITbhz~vr A =
NDTF—F Y DEHIEBORTEETRIHNRL. B
FOLEDAZEIRL TR TE2RT v v ILARLIZ
WO THETIETI AT 2 LT —F 2 DR
BEERL ([T, ZOBBNIXF LY — - BiEHE -
BHRDIE L TN E R, T — L EEEED h L —
R 7 BRI R ER T 287 X — X E B
L7z F72. ZOFEENZBWTIIRAD S ENTEEL
BN s, [EROBERAEDOHITICE W TH
MEANTELML—FA7EREMZENTES
ZrERALHIILE, TOBFRYIZAT LT —F
NI THOBHEFREAWTHEETES 2,
DRI N A2, EBEICBWTEEYL 3| EEE
DFBDIRNT DTV, BHENZNELZEDOHPINT
Fox DIERDPZUTH D Z2EIDT-,

<ERL>
(JFERL)

[1] Masaya Nakagawa and Masahito Ueda: Topology
of Discrete Quantum Feedback Control, Phys. Rev.
X 15, 021016 (2025).



1. — P PR A

1.1. EHEWE=E

[2] Koki Shiraishi, Masaya Nakagawa, Takashi Mori,
and Masahito Ueda: Quantum master equation for
many-body systems based on the Lieb-Robinson
bound, Phys. Rev. B 111, 184311 (2025) [selected

as Editors’ Suggestion].

[3] Liu Ziyin, Hongchao Li, and Masahito Ueda: Noise
balance and stationary distribution of stochastic

gradient descent. Phys. Rev. E 111, 065303 (2025).

Hongchao Li, Xie-Hang Yu, Masaya Nakagawa,
and Masahito Ueda: Dissipative Superfluidity in
a Molecular Bose-Einstein Condensate, Phys. Rev.
Lett. 135, 166001 (2025).

Akihiro Hokkyo, Mizuki Yamaguchi, and Yuuya
Chiba: Absence of nontrivial local conserved quan-
tities in the spin-1 bilinear-biquadratic chain and
its anisotropic extensions, Phys. Rev. Research 7,
043297 (2025).

Hiroki Matsui, Yuki Miyazawa, Ryoto Goto, Chi-
hiro Nakano, Yuki Kawaguchi, Masahito Ueda,
and Mikio Kozuma: Observation of the Ein-
stein—de Haas effect in a Bose-Einstein condensate,
Science 391, 384 (2026).

Kangqgiao Liu, Masaya Nakagawa, and Masahito
Ueda: Maxwell’s demon for quantum transport,
Phys. Rev. A 113, 022436 (2026).

[4]

[5]

(6]

[7]

[8] Shuma Sugiura and Masahito Ueda: Quantum
feedback cooling of a trapped nanoparticle by using

a low-pass filter, Phys. Rev. A 113, 023119 (2026).
(EIPTHERS)

[9] HIIAA: WHET X BMETZIRR O 5 1 [
U HIT, BEERE 2025 12 AS, ¥4 > 24t
(2025).

FRITRH: WHIE T BERE T2 AR 5 2 [0
T e toyHE, BRI 20264 1 S, 4>
A4t (2025).

(10]

[11] "R BHE T HRE T2 ARROYE 5 3 [
HHIE T OEAFA, FOHENY 2026 4 3 HE, 34
> 21t (2026).

[12] HJIRA: BHFE T L BRE T2 RROYHE 25 4 [

R EOMEMEM. BIRY 2026 4 AS, 4=
¥ AFt (2026).

(“PALRRL)

[13] Koki Shiraishi: Microscopic Approach to Open
Quadratic Systems: Locality, Thermodynamics,
and Transport Phenomena (&7 .

[14] Atsushi Oyaizu: Physical Implementation of Non-
Hermitian Spin Chains Utilizing Non-Unitary
Discrete-Time Quantum Dynamics (BLE0 .

<R >
(EIFE2H)

TRk

mn

iii

[15] Masahito Ueda: Topology of Discrete Feedback
Control, Methods for Many-Body Open Quan-
tum Systems, University of Trento, Trento, Italy,
2025.4.1.

[16] Masahito Ueda: Topology of discrete feed-
back control, International Vising Scholar Pro-
gram (BAQIA Ff#), Tsinghua University, Beijing,
China, 2025.5.8.

[17] Masahito Ueda: Going beyond Hermitian Physics,
Division of Atomic, Molecular and Optical Physics
(DAMOP), Oregon Convention Center, Portland,
Oregon, USA, 2025.6.17.

[18] Masahito Ueda: Topology of Discrete Feedback
Control, International Conference on Emerging
Quantum Technology (ICEQT) 2025, HUIFENG-
WANYUN Hotel Hefei, Hefei, China, 2025.9.19.

[19] Masahito Ueda: Non-Hermitian Quantum Physics,
RIKEN-Harvard joint workshop, Ory forum in the
Goel building, Cambridge, USA, 2025.10.3.

[20] Masahiato Ueda: Beyond Hermitian Quantum
Physics, The 16th Asia Pacific Physics Conference,
Hilton Haikou Meilan, Haikou, China, 2025.10.20.

[21] Masaya Nakagawa: Topology of discrete quantum
feedback control, The 16th Asia Pacific Physics
Conference, Hilton Haikou Meilan, Haikou, China,
2025.10.20.

[22] Masahito Ueda: Topology of discrete feedback con-
trol, Ruthenates and Emerging Quantum Materi-
als (REQM2025), Kyoto University, Kyoto, Japan,
2025.12.3.

[23] Masahito Ueda: Open quantum systems, Beyond
Hermitian Quantum Physics, Quantum Ther-
malization, Information Thermodynamics, Winter
School on Open Quantum Systems and Mesoscopic
Physics 2025, Vieruméki, Finland, 2025.12.8-12.

[24] Masaya Nakagawa: Topology of feedback control
in quantum and classical stochastic processes, New
Frontiers of Geometry and Topology in Condensed
Matter Physics, Institute for Solid State Physics,
Kashiwa, Japan, 2026.2.2.

[25] Masahito Ueda: Beyond Hermitian Quantum
Physics, Post-selection for quantum control, Max
Planck Institute for the Physics of Complex Sys-
tems, Dresden, Germany, 2026.2.25.

[26] Hongchao Li: Dissipative Superfluidity in a Molec-

ular Bose-Einstein Condensate, Koushare-Europe
Science Forum, online, 2026.3.03.

— ik

[27] K. Shiraishi, M. Nakagawa, T. Mori and M. Ueda:
Quantum master equation for many-body systems
based on the Lieb-Robinson bound, MEOQS2025
- Methods for many-body open quantum systems,
University of Trento, Trento, Italy, 2025.04.01.



1.1. EHERE

1. — PP A

[28] H. Li, C. Shang, T. Kuwahara, T. V. Vu: Macro-
scopic Particle Transport in Dissipative Long-
Range Bosonic Systems, Hydrodynamics of low-
dimensional interacting systems: Advances, chal-
lenges, and future directions, Kyoto University,
Kyoto, Japan, 2025.06.04.

K. Shiraishi, M. Nakagawa, and T. Mori: Davies
quantum master equation for quadratic many-
body systems, StatPhys29, Palazzo dei Congressi
& Palaffari, Florence, Italy, 2025.07.14.

T. Ishii and M. Ueda: Quantum i.i.d. steady states
in open quantum many-body systems, StatPhys29,
Palazzo dei Congressi & Palaffari, Florence, Italy,
2025.07.15.

A. Hokkyo and M. Ueda: Universal Upper
Bound on Ergotropy and No-Go Theorem by
the Eigenstate Thermalization Hypothesis, Stat-
Phys29, Palazzo dei Congressi & Palaffari, Flo-
rence, Italy, 2025.7.17.

A. Hokkyo: Rigorous Test for Quantum Integra-
bility and Nonintegrability, NESP-2025, Villa Rus-
poli, Florence, Italy, 2025.7.21.

T. Ishii and M. Ueda: Quantum i.i.d. steady
states in open quantum many-body systems, Joint
ICTP-WE Heraeus Conference on Non-equilibrium
Quantum Statistical Physics, Adriatico Guest
House, Trieste, Italy, 2025.07.22.

M. Nakagawa and M. Ueda: Topology of discrete
quantum feedback control, ISSP-IIS Joint Sym-
posium on Physics of Open Systems: Resonance,
Symmetry, and Topology, The University of Tokyo,
Kashiwa, Japan, 2025.8.6.

M. Nakagawa and M. Ueda: Topology of discrete
quantum feedback control, Tokyo-Beijing-Sendai
Joint Workshop on Quantum Matter, Tohoku Uni-
versity, Sendai, Japan, 2025.10.4.

H. Li, X. Yu, M. Nakagawa and M. Ueda: Dissi-
pative Superfluidity in a Molecular Bose-Einstein
Condensate, Daikin-IPT symposium, The Univer-
sity of Tokyo, Tokyo, Japan, 2025.11.26.

S. Yamada, A. Hokkyo, and M. Ueda: Many-body
burst in isolated quantum systems, Kyoto Work-
shop on Quantum Thermodynamics and Stochas-
tic Thermodynamics 2025, Yukawa Institute for
Theoretical Physics, Kyoto, Japan, 2025.12.8.

A. Oyaizu, H. Li, M. Nakagawa, and M. Ueda:
Chaotic RG flows in non-unitary quantum dy-
namics, New Frontiers of Geometry and Topology
in Condensed Matter Physics, Institute for Solid
State Physics, Kashiwa, Japan, 2026.1.28.

(EN&3#)
AR
[39] EHIE{= : Beyond-Hermitian Quantum Physics, &
T 100 AFER S - BTERMR - B AE#RO Ch
FTE IS, FERKF YIRS TS Rl
fif. 2025.9.10.

29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

37]

(38]

iv

[40] EHIEL  HIETFOR LT LT R, HARYEY 2
1 ERE TR RS YR Y A RS
K2, 2025.9.16.

[41] IR BIRET2RRICB T 2 BIRE » IHEHE.
55 4 [0 TIHAERE ol Fge s, RERK AL I
Fet v & —, 2026.1.21.

—fi ik

[42] HIIRM: BT 7 4 — FNy ZHIHTR B 2 I
EFMHOMEINCHIT T, B 7 HGHEFER 7
MADE ], BT — LR TFILELE, 2025.8.22.

[43] . BAME, EHEC: a2 FEBOEE I
K BEGF IRTF DT 4 — F Ay 2 GHIOMAEER L,
HARYH AR 80 BIFEXAR. JREKRF, 2025.9.16.

[44] /MITEESL, Z=75EE, FR)IDRH, _EHIES  PT #mf81C
PES AR Y ZAEE 7 u— . HAYHESS
5 80 [MFEXKE, [LEKF. 2025.9.17.

[45] HJIIRt, EHIET: 74— Ry ZHlfHlO R e
O— : Maxwell ¥—F Y FEED kB D H LR IER,
HARY AR 80 MIERAR, JAE KT, 2025.9.17.

[46] HHARE, EHIE: BRETZERROEHRENR
Fiid REE Y 72 2B Ir56ME. HAYIRAEREE 80
FIERKE, JRERE, 2025.09.17.

[47] EGMIE, FHHEEEE, IR 45 & - THREN X
NBABFLRDEAFIZ R BFIRAX—HERICK
37 7u—F, HAYHEYRE 80 MERKE, L
K2, 2025.09.18.

[48] IRMGBAIL: B AR v IE AR P O e R U E
Fik, HAYHESERE 80 HEXKR, LEKRE.
2025.9.19.

[49] AHALE, FHEH: NISQ Simulation of Open
Quantum Many-Body Systems. £ 16 [E[&F> 7 b
v = THIFERER R, ERBATRAIIZEAT. 2025.10.23.

[50] ¥EMEHEIL: Rigorous Test for Quantum Integrability
and Nonintegrability, &4 ¥ »-ipi ¥ Y RI U A,
HECRAE, 2025.11.26.

51 dillkts, FEEC: BT 74— Koy 25160 -
RoY—, XA F-pi ¥V RI T A, HEKYE,
2025.11.26.

[52] /NI AR, dIkts, EEEL © Chaotic RG
flows in non-unitary quantum dynamics, % A4 ¥ /-
ipi Y ARI T A, HERF, 2025.11.26.

(53] A, AN, FHEEC  FES  RTF0 7 4 —
RNy Z8HIE, &4 F-ipl SV BI T A HEKR
%, 2025.11.26.

[54] AFHRE, FHEW: HRETEZIEHE L HRE %
HWHRDONISQ ¥ Ial—Yary, XA Fr-ipi ¥
RIT A, HEIRE, 2025.11.26.

[55] EMEHEIL: BTFWMEBEAT-Z X7 R Y M
AR =1—1 v b FHEBEDER. Quantum Foun-
dations 2026, KK, 2026.3.6.

[(56] (LS, BEEE, FREC I RTRICET 3
Sfn—2 PR, BAWERES 2026 FEEFAS.
F 74, 2026.3.25.



1. — B R 1.1. EHBZEE

(57 IEHGHIE: BT C VBB B H—ORIEEI 5 0
ARG TR, HAYHEER 2026 FEEFRR. AV 7
4. 2026.3.25.

(34 —)

[58] kfEHEIL: Rigorous Test for Quantum Integrability
and Nonintegrability, Budapest integrability sem-
inars. A 74 ¥, 2025.4.23.

[59] EREWEIL: Rigorous Test for Quantum Integrability
and Nonintegrability. SFIHE It I - —. BEKF.
2025.5.18.

[60] AHARE, EHIE{Z: Quantum i.i.d. steady states
in open quantum many-body systems. IHEHft
I AR 2025.5.29.

[61] 1EMGSEIL: Integrability from a Single Conservation
Law in Quantum Spin Chains, Budapest integra-
bility seminars, *+ > 74 >, 2025.10.22.

[62] {ERGWEIL: Integrability from a Single Conservation
Law in Quantum Spin Chains, BIMSA Integrable
System Seminar, * > 74 ¥, 2025.11.25.

[63] HIER: BB FZIRRICB T B - iR,
t I BEENLR, 2025.12.15.

(Z oAl

[64] /IR, ZRE, IR, RHEIEC  Bok T o
FRIZBI 2 A AR D 2 AR 5B 70 EYMEET
HOH¥R, A%, 2025.7.30.

[65] W BT AR B 3 RO I,
570 MM FEOFM, AEE, 2025.7.31.

[66] IR 3% TBEFROIEFEY IR, 55
70 FYIMEE TR O, HE, 2025.7.30-8.1.

[67] It Sesfaiie TBIRGRT S KROWI ), Hi
HBIL R, 2025.12.10, 12.12, 12.15.

[68] FFHNE, FHHEBMH: NISQ 74 RIC & 5 BiET

ZIRRDY I 2L — a v, FHEYFHEDYER 2026,
HETEETR B2, 2026.3.11.



2. UEDA GROUP 1. —Y G

2 Ueda Group

Research Subjects: Bose-Einstein condensation, fermionic superfluidity, topological phe-
nomena, open quantum systems, information thermodynamics, quantum infor-

mation, measurement theory, machine learning

Member: Masahito Ueda and Masaya Nakagawa

With recent advances in nanoscience, it has become possible to precisely measure and control atoms,
molecules, and photons at the level of a single quantum. We are interested in theoretically studying
emergent quantum many-body problems in such highly controllable systems and developing nanoscale
thermodynamics and statistical physics that lay the foundations of such problems. Our particular focuses in
recent years include many-body physics of ultracold atomic gases and unification of quantum and statistical
physics and information theory. Atomic gases which are cooled down to nearly zero temperature by laser
cooling techniques offer unique opportunities for studying macroscopic quantum phenomena such as a
Bose—Einstein condensation (BEC) in controlled manners. Unprecedented controllability of such gases also
enables us to simulate phenomena analogous to condensed matter and astronomical physics, to investigate
their universal properties, and to explore unknown quantum many-body physics. In our recent works, we
have studied nonunitary dynamics of atomic gases subject to dissipation and/or measurement backaction,
classification of phases of matter in nonequilibrium open systems, and thermalization of isolated quantum
systems. We are also interested in relating fundamental concepts of quantum and statistical physics with
information theory and exploring interdisciplinary fields that unify physics and information. In particular,
we have recently worked on generalizations of the second law of thermodynamics and fluctuation theorems
in light of information flow under measurements and feedback controls. Furthermore, we have recently
tackled an understanding of AI and machine learning from a viewpoint of physics. We list our main
research subjects in F'Y2025 below.

e Quantum many-body phenomena in ultracold atoms, nonequilibrium open systems
- Quantum master equation for many-body systems based on the Lieb—Robinson bound [1]
- Superfluidity of dissipative Bose-Einstein condensates [2]

- Quantum feedback cooling of a trapped nanoparticle by using a low-pass filter [3]

e Unification of quantum physics, statistical mechanics, information theory, and machine learning
- Proof of nonintegrability of S =1 quantum spin chains [4]

- Maxwell’s demon that rectifies quantum fluctuations [5]
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