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ZEDHBEIZ A>T &2, YUEETIE, 2D &S
WEWEIEMY 2 G T 5 R TOETLRMEDMRIH & .
FOEPEL B F ) AT — IV DEIIF - WETIFED
W2 Hig L TR 21T > T W5, FHILED
DT —< 25> TWB DI, BHIEFK[AEOMH
%, BLU, &1 MEIHZFE L BHROMETH
b5, L= @Iz X 0ol EEEL FTHEEh
FEFRIZBWTIE, SWilfEos 2, F—2 -
TA v akA Vi (BEC) & & O BRI E T-BE
X, BRI, FHYEE SELUZEKLEZAIDH
L. ZFOM@EMMEE L L WE 2R o R §EME
BRI DHIENTE S, F-bld, BREADHH
PEEDKERADOKE NIZH BWHIRFRDIE
A=R)—=RAF I A, EEHEHRBCRIZE T 51
DR, NL7 —=VGhToRF R — IR HEE
F. N EFROBEH IR IZOWTHIE 2T -
TWb, FARHZEAZS X, H#lEF—7—FR& LT
BEROMal N ZOREME S 2R AEL, WL E
WEMAS ST PEOEEL2 HIETHIZZICHELD
FHATWDS, FHZHIE® 7 4 — KA 27l 2175 5
& TOIBWMDITAVIZEH U, BITF O R
5EDEHD b, WRINEDO X1 F3I 7 A, Hl
EFEERNPSDONIN T VR EDIIEEIT 5
TW3, 512, FbiIBMFEEPXEEEEIZS
3B RERMIED 7t ZZEE U, WO S
5 Al B2 E OBARIZIN D LA TV S,

AHRFRE - FFEERBCR

BU%E T D Hubbard A CH 1T 2R

Mott s b OREMEIZ B W T, Hubbard #&E
MOD2WEENZ & > TENPNDS AL VX H A
AP EELREH 2R3, mEHEFRETEERIN
% Hubbard #8812 5\ T, JHF MO IEHMERRFELIZ R
KT 2EENTFAET 256, AE UK E/ERAD
ARBENZEFZ2Z), BHEOVEHEIRE L 32 B i
LMD FIRT 5 2 R U, BARMIZIZ, E&D
D 2 REHh O FFPREREROFMEZFE>Z LIz
EoTIANF—DEFE VA VRRENZENLL (X
1.1.1), Fermi-Hubbard #H 2 &\ TIXERRENE HSF
B L. 2% Bose-Hubbard #ELIZ 3\ T ld K iRl
PEAERE DS 5 2 & & R L 7z 21,

1.1.1

1.1.1: #0f D Fermi-Hubbard #1251 5 A
Y R EAEFHOBERE, @ O R TIE 21K
BENZ LAY VT 0 v 2D REEMER A ¥
fidi 2 Z e S50, FRPMREBICBURDFET S
BE KR A E Y EEICA RO Fam A b 5
728, EHE LATFIT T RV F — D E VIR RAED
AT % [21].
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AR, FEEMRI AR P EMEE T RICBWT, JE
IIVI—=FRAININ T VIZE>TRbEN
LENE RO I ANINVEHRIZKRELELODDEET ST
W5, UL, TOLLIHEB O BBz & & F -5
THH, Tho 2 aAFFRIZER T 2 — IR ORESRE
WHEH - EBROMED? S OMBORETH -7z, *
ZTC, Bk, JETL I — M bR YA IVIGK
FEEER - EEEAR T A0 EEmEMEL -, 15
SN HEEHRICB VTR, /EROYHIZB W TR
HEARMZ 10 8 D ONEBFRM: 2 5 AH, FET IV
S—MEPRRIZ3SEDIZEALT B Z L EREOV &
DT B, ¥, TRANF-DEERIILDEI LI
EERoT, 2HEOERT RN F —F vy THEH
I, TP RILERIETLI—-b bR YL
BHEhriddshsd Z 2N L, <, 3
TV I— PRIZEED RO Y HIVAEEDIELED,
RERDNN D - Ty URIGTIER S, RERNEZE
{ZraRUE, 12, 18],

FEITII—NEKRBE

BEOIIVI—FNRETRTIEARZ MLVOEN
PRIEXNBD, TV I— FRTHEAEMEIEIC
IRBGEND B, FiZEHIER Y 5 A TH5 Hatano &
Nelson 1Z & % Anderson [E1F & W Sl otk % B
DR, JETIL I — MEDRE ZE{LEE B L [H
BEDOE - BHRIEBVPEL B, —H. 5% TOW%E
TIIMEAEH D7 —ki 7 AT NIV OWFFED N
TH Y., HEEHORENEEARY M ILOREEIZ
EIHETENIRIATH 57z, Fxld, FERFRF Y
VY 7 2R OMEEHAT LN ZRICBWTENE
Mg B, BHEMBDOE - BRIEBVLIEKD AR
MLDOLRLTRISZ ., TOUMBROBIMN L ENE
PRIFICEZSDZ L 2FRALE, T LT, Z0ER
MERDODBFEERICL>TH SRR IINDZZ 2 A
U7z [10],
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R 2 2L

SEAEDBSERL DI B WT, RS LET
ZRRDARY SIVOED T v X L TH]Tilidh &
NBLVWSIHPITEHZEDTWE, ZOHEHITSE
KDORRBZETFVTHEEIPOONTVWELDOD, TV
X LFHORCEE R K=& ) =7k (REE
ERRFRME 22 &) D3R5 2 5 2020 U RN
RIFEISFE LD o7z, BxlE, K=&V —
SIFMEIZ XA =ZFED 7 S AR NI A—RIZEST
ZTE B, —IRITDRAFEEIER DA% RO
O RAY UER ZRE Uz, Z OREL % BUEIZ
PR, F AR BRI B B E R & 1T SR
DR EER LS VX LMTHOFETL
itk cEBZ &R 4,

BRHBREEFRICEITEF vy TLRA MROY AN
HEZnnR

WFRDN Y REEEIZIZ Brillouin V' — > O & #AM:
WK U7z b ARa OV RGIRBIEET 5, HlZIX,
SIRTAEF-RITBWTIE Weyl 7 )b I 4 VI35
BUEFE N2 1 E 7 57220 2 0 5 Nielsen-Ninomiya
EHPH S NT WS, —F5, RfHJE IR BRE) X 72
BT RITE O TIIBEBAY 7 1R [ 3 6 6 R D ke &
LT RI)LF—AMIZH Brillouin V' — VIZHEMLL 72
JAMREE BN, FINE NNV FEEDO bR Y —
EREKEZD, Ficld, bAROY—IZEIT5ATY
VAo AEEBHETFRIZBWTEEINTVS
AY YRy TRIGH LT, AMBRE S Nk 3 ook
FRIZBWT Weyl 7V I d V&l —2oDAE
DETINVEME L, BOEMR TIEERNELINT
WB A TVIESNRPEI S Z 2R Lz, 6
2, Tzl 10 FEEONEFRE 7 5 22D W T
REXN/-HE 7 )V I AV RONEREBHREF%
ROV AT HEL, B TR TIEERTE
RWBkZ 7 ¥ vy TV A MR T Y A7)V A E BB
ALBVWCHERTHECTHSZ LERLE (8,

1.1.2 =Fif - Bt HFEBERER/OMAE
B EDEEEFRRENAEYRILIBER

BTEHHIE G, TR VTN RA Y MR EDETH
)Y — A% AW AR EHE G & D o
DOHWETEZIO S BFHROPE TH S, K.
BFEHNIZDEDINT A — & —h 570 5 Bl [ 8
DAMEZSNTWEWN, BEAFRPEFI AV
BB EEZ 2 BIGETIE, BRI S E
Wi TF—2&, TabbRABEKE UTFkbiirnig
oV, A IISEROE B & BB
FERMAEGOELZ T, HHABEERRTH S
EEE TRA Y, BFRRBERRATHINTE Y
N ZBEFREE N, X512, HEIZHWSETIR
Re X U CHALERAINEE & B RE A IR DN [F 5 kS

BRSZ =R L., & FEHIlIZ BV TEH Nyquist OFFEA
EHDEA X NG Z L 2 RB L7 [16],

THMI=9 Y SRETICLBHETE RO HIL
HOSHE

EAE, TUVYNLMRY N =22 HWTCHEMERT
DM TERAD RO U AR ST BRI
BEATFDODNTEZ, TOFT—FHLILHREIN
TWA0D, THERETHEREINSE —RTRIZE
FAREEIZ & > CTHRES N bR Y AL (SPT)
HOZEREHNETHD, LIrL, Z0RLY VT
Wity N T v TOIEEMRR TR 2 R o475
ZX) —EETFONE] BELERMBIATH -T2, Bk
W OKRMBRBEIZEE U, WM X > THR#ES
NEAVTYIAEWSH UWMHAEEZ R/ L.
FIFRERDEET > T2, ZORIK, ko ok
BTEOY—HEEREBIZHLWI S AD IRIET AT
N ARE YA NVAHDOEEERE LTV S [20],

R—b 74 ) FEHZFNALLERBEZBORR

EE, EEFEBIIELWTHRREEIT DD
SRR R A7 IGHEINT WS, LA L, ALD
MABHHEMIXE LD, EXoNA YTy M
LTCT U Ny NBREDOREEETE 20 ITEREIZ
WEanromn, AlINEZEFTEETEINITIEM
O TEELRMETH L, ZOMEIZNT 2
MR RPIEDRENRL TN TWBE, AIDOAR
WX 2RO 572012, BLAIFZAIDOY AT A
PR T 2R DIZ, Al DZEE I LA R R
L. DRI RG22 B I E5 L5
Ulze B2 BBES IO TNZEE TS 7ok Ak
BTy —AIIBVWTHBITE2LZ2IIRYy hTE L)
ESMEVWSHBEIZBT WS & ZE X, RHE I
WEBLZE S ALBPEHRICRTE D L5127
XL WD ZEH DDA — 75 ) A8
ZRHWE, Ficld, TOXSICFEH IS LEREY
DETFIVIE, INFTIZFHONTWAMD HiEE H
RTFEHETNVOAEI X2 XD EFRLEFHHOTS
NTWBZe2RHELEZ, MAT, ZOEHETIL
WHBATEBEOEI 2T — XYV Tk b &l
MIZFEEHL, ZORERAKRELTONRT A —T VR
HLHITDPITEWERER L 72 [14]

<=E>
[1] Zongping Gong: #5 10 MIHEEE. HAZMHRE 2,
2020.3.4.

[2] FRJITARH: 28 14 B FREHE (K1), HARYH
%4 2020.3.17.

[3] WlRSIE: PSRRI SRR E (L), K
HORF, 2020.3.23.

<>
(JEERR L)



— ) BB

1.1. EHHE=E

(14]

(15]

(16]

(17]

R. Hamazaki and M. Ueda: Random-matrix be-
havior of quantum nonintegrable many-body sys-
tems with Dyson’s three symmetries, Phys. Rev. E
99, 042116 (2019).

K. Fujimoto, R. Hamazaki, and M. Ueda: Flem-
ish Strings of Magnetic Solitons and a Nonther-
mal Fixed Point in a One-Dimensional Antiferro-
magnetic Spin-1 Bose Gas, Phys. Rev. Lett. 122,
173001 (2019).

N. Yoshioka and R. Hamazaki: Constructing neu-
ral stationary states for open quantum many-body
systems, Phys. Rev. B 99, 214306 (2019). Se-
lected as Editors’ Suggestion. See also Viewpoint:
Physics 12, 74.

T. Haga: Dimensional reduction in driven disor-
dered systems, J. Stat. Mech. (2019) 073301.

S. Higashikawa, M. Nakagawa, and M. Ueda: Flo-
quet Chiral Magnetic Effect, Phys. Rev. Lett. 123,
066403 (2019).

K. Kawabata, T. Bessho, and M. Sato: Classifi-
cation of Exceptional Points and Non-Hermitian
Topological Semimetals, Phys. Rev. Lett. 123,
066405 (2019).

R. Hamazaki, K. Kawabata, and M. Ueda: Non-
Hermitian Many-Body Localization, Phys. Rev.
Lett. 123, 090603 (2019).

K. Yamamoto, M. Nakagawa, K. Adachi, K.
Takasan, M. Ueda, and N. Kawakami: Theory
of Non-Hermitian Fermionic Superfluidity with
a Complex-Valued Interaction, Phys. Rev. Lett.
123, 123601 (2019).

K. Kawabata, K. Shiozaki, M. Ueda, and M.
Sato: Symmetry and Topology in Non-Hermitian
Physics, Phys. Rev. X 9, 041015 (2019).

L. Xiao, K. Wang, X. Zhan, Z. Bian, K. Kawa-
bata, M. Ueda, W. Yi, and P. Xue: Observation
of Critical Phenomena in Parity-Time-Symmetric
Quantum Dynamics, Phys. Rev. Lett. 123, 230401
(2019).

Z. Liu, Z. Wang, P. P. Liang, R. R. Salakhutdi-
nov, L.-P. Morency and M. Ueda: Deep Gamblers:
Learning to Abstain with Portfolio Theory, Ad-
vances in Neural Information Processing Systems
2019, 10622 (2019).

T. Haga: Divergence of the Floquet-Magnus ex-
pansion in a periodically driven one-body system
with energy localization, Phys. Rev. E 100, 062138
(2019).

N. Kura and M. Ueda: Standard Quantum Limit
and Heisenberg Limit in Function Estimation,
Phys. Rev. Lett. 124, 010507 (2020).

M. Nakagawa, R.-J. Slager, S. Higashikawa, and T.
Oka: Wannier representation of Floquet topologi-
cal states, Phys. Rev. B 101, 075108 (2020).

[18] N. Okuma, K. Kawabata, K. Shiozaki, and M.
Sato: Topological Origin of Non-Hermitian Skin
Effects, Phys. Rev. Lett. 124, 086801 (2020).

[19] E. Yukawa and M. Ueda: Morphological Super-
fluid in a Nonmagnetic Spin-2 Bose-Einstein Con-
densate, Phys. Rev. Lett. 124, 105301 (2020).

[20] Z. Gong, C. Sinderhauf, N. Schuch, and J. I.
Cirac: Classification of Matrix-Product Unitaries
with Symmetries, Phys. Rev. Lett. 124, 100402
(2020).

[21] M. Nakagawa, N. Tsuji, N. Kawakami, and M.
Ueda, Dynamical Sign Reversal of Magnetic Corre-
lations in Dissipative Hubbard Models, Phys. Rev.
Lett. 124, 147203 (2020).

(&i8)

[22] T. Bessho, K. Kawabata, and M. Sato: Topological
Classification of Non-Hermitian Gapless Phases:
Exceptional Points and Bulk Fermi Arcs, JPS
Conf. Proc. 30, 011098 (2020).

(I Py

23] BMEC: BFREREMORE. HAWESS®
Vol.74, No.6, 368 (2019).

(LR )

[24] Ryusuke Hamazaki: Problems of Thermalization
in Closed and Open Quantum Many-Body Systems
(T 50

[25] Naoto Kura: Quantum estimation theory for con-

tinuous data (f§LER30) .
[26] Norifumi Matsumoto: Quantum phase transitions
in non-Hermitian many-body systems ({&f:Ew30).
[27] Zhikang Wang: Quantum control based on deep
reinforcement learning ({&L:3w3X).

<>
(EBE L)
Faf

[28] M. Ueda: Nonequilibrium thermodynamics and
many-body dynamics in open quantum systems,
Joint Quantum Seminars, Boston, USA, 2019.4.2-
6.

[29] M. Ueda: Nonequilibrium thermodynamics and
many-body dynamics in open quantum systems,
Conference on Quantum Measurement: Funda-
mentals, Twists, and Applications, Trieste, Italy,
2019.4.28-5.4.

[30] Z. Gong: Emergent Phenomena in Ultracold
Atoms: Merging Topology, Interaction, and Dy-
namics, Beijing, China, 2019.6.3-23.

[31] R. Hamazaki: Localization and universality in
non-Hermitian many-body systems, Engineering
Nonequilibrium Dynamics of Open Quantum Sys-
tems, Dresden, Germany, 2019.6.17-21.



1.1. EHfEE

1. — B

[32] Z. Gong: Topological phenomena in quench dy-
namics, The 28th Annual International Laser
Physics Workshop (LPHYS’ 19), Gyeongju, South
Korea, 2019.7.8-12.

[33] M. Ueda: Coarsening dynamics of spinor mixtures,
Workshop on Quantum Mixtures, Trento, Italy,
2019.7.14-19.

[34] K. Kawabata: Non-Hermitian topology of excep-
tional points, Progress in the mathematics of topo-
logical states of matter, Sendai, Japan, 2019.7.30.

[35] Z. Gong: Topology out of equilibrium, Progress in
the mathematics of topological states of matter,
Sendai, Japan, 2019.7.31.

[36] K. Kawabata: Symmetry and Topology in Non-
Hermitian Physics, Workshop on non-Hermitian
quantum mechanics, Institute of Industrial Sci-
ence, Univ. of Tokyo, Kashiwa, Japan, 2019.8.8.

[37] M. Nakagawa: Non-Hermitian quantum many-
body physics in ultracold atoms subject to inelastic
collisions, Workshop on non-Hermitian quantum
mechanics, Institute of Industrial Science, Univ.
of Tokyo, Kashiwa, Japan, 2019.8.9.

[38] M. Ueda: Discrete Time-Crystalline Order in Cav-
ity and Circuit-QED Systems, Time Crystals and
Related Phenomena, Krakow, Poland, 2019.9.4-7.

[39] M. Nakagawa: Non-Hermitian Kondo/Hubbard
physics in ultracold atoms, The Forth Kyoto-
Beijing-Tokyo Workshop on Ultracold Atomic
Gases, Yukawa Institute for Theoretical Physics,
Kyoto, Japan, 2019.10.1.

[40] M. Ueda: Nonequilibrium many-body dynamics
under quantum measurement, EPiQS-TMS 3rd Al-
liance Workshop on Topological Materials Science,
Santa Barbara, USA, 2019.10.21-25.

[41] Z. Gong: Topological phases of non-Hermitian
systems, Fudan Mini-program on Non-Hermitian
Topology and Dynamics, Shanghai, China,
2019.11.30-12.1.

[42] K. Kawabata: Symmetry and Topology in Non-
Hermitian Physics, The workshop on topology
and dynamics in non-Hermitian physics (The 7th
International Workshop on Frontiers in Quan-
tum Physics and Quantum Information), Beijing,
China, 2019.12.14.

[43] M. Ueda: Discrete time crystals in cavity- and
circuit-QED systems, Frontiers of Quantum Mat-
ter, Tel Aviv, Israel, 2019.12.15-22.

[44] Z. Gong: Nonequilibrium quantum dynamics: Or-
der, topology and rigorous results, MPHQ Postdoc
Symposium, Garching, Germany, 2020.1.9.

[45] M. Ueda: Many-body physics and thermodynam-
ics in open quantum systems, SFB/Z0OQ Seminar,
Hamburg, Germany, 2020.2.19.

— iR

[46] R. Hamazaki: Operator noncommutativity and ir-
reversibility in quantum chaos, Quantum Informa-
tion and String Theory 2019, Kyoto Univ., Kyoto,
Japan, 2019.6.10-14.

[47] N. Matsumoto: Continuous Phase Transition
without Gap Closing in Non-Hermitian Quantum
Many-Body Systems, The Forth Kyoto-Beijing-
Tokyo Workshop on Ultracold Atomic Gases,
Yukawa Institute for Theoretical Physics, Kyoto,
Japan, 2019.9.30-10.3.

[48] T. Yoshino, S. Furukawa and M. Ueda: Inter-
component entanglement spectra in binary Bose-
FEinstein condensates, The Forth Kyoto-Beijing-
Tokyo Workshop on Ultracold Atomic Gases,
Yukawa Institute for Theoretical Physics, Kyoto,
Japan, 2019.9.30-10.3.

[49] R. Hamazaki: The threefold way in non-Hermitian
random matrices, THERMALIZATION, MANY
BODY LOCALIZATION AND HYDRODYNAM-
ICS, ICTS, India, 2019.11.11-15.

[50] M. Nakagawa: Floquet Gapless Topological
Phases: Classification and Characterization, Inter-
national Conference on Topological Materials Sci-
ence 2019, Kyoto Univ., Kyoto, Japan, 2019.12.6.

[61] T.  Yoshino, S.  Furukawa and M.
Ueda:Intercomponent entanglement spectra
in binary Bose-Einstein condensates, International
Conference on Topological Materials Science 2019,
Kyoto Univ., Kyoto, Japan, 2019.12.6.

(EN &)
EreEra

[52] EHIET: WEZE L OXES 2-RlE & AL O R-. 2019
FEANTHREFESEEKRA, #i8. 2019.6.4-7.

[53] HIIRE: WHFEFRAICE T 285 X CIEE#R
OEFESIROME (EHFREIEZEFF) . HARYH
TR 75 MAERKR, HEEKS, 2020.3.17.

— iR

[54] EWRNLE., JIMAEE, ARME, EHES: Fu
3= NI URLTHIOERENE. HAYEEY:S 2019 4E
MERE, HEXY, 2019.9.10.

[65] MAARFESC, JIMASEE, EEHEA, &IEE, EHIE:
FEINI - REBTFLZRRIB T3 vy T2
U7 WHEGHHERRS . HAMIZ A 2019 FEMRET R,
I B2 k%2, 2019.9.10.

[56] ARME, EHE: &tz L2y Uk, H
AR e 2019 FERS, BERAY, 2019.9.11.

[57] s, sEEA, I BRI, EREIEC: 808 T O
Hubbard #8251} 5 &S & 7M. HARYHY
22019 FEMER A, HR K, 2019.9.11.

(58] AE KM, fhixBE—: dHlAAAZFHBT DHET
RIIBTBI VRV ITVAY N - Ty b —4Rk
Ya)lETuT - VFA Ty baY—, HAYMES
2019 FFMFE KR, FHEKF, 2019.9.10.



— ) BB

1.1.

AR

(&

(64]

(65]

(6]

HEIE, &)1, EHIE: — % Bose-Einstein
MBI BB Y RV T IA Y N ARZ B L,
HAYIHE 4 2019 FERE, BEEREAT, 2019.9.11.

ARME, EHIES: BFTy VRHOBERER E X
=1 v 8 AL R FEREMZE S (QIT41).
FHEBE K, 2019.11.19.

iR, I ERORE, EHIE: Hyraxodhsd 1R
5t Hubbard &2 B 1) 2 ok s & A, B AR
AR 75 MAERKRS, ZahB R, 2020.3.16.

JIMSESE, (EREER: Ez LI — R bR VAL
HRRIZBIFBEARZ ML JET )L I — Mg BHZ
FEHL H AR5 75 [AEIR KRS, Ah B RE.
2020.3.17.

FEAW, EHEL : SR LARTF UYL ERRER
5 BIRENC B I A EEH T OZEN., HA
YR 75 AR KRR, Al B R, 2020.3.17

3F-)

Ik tH: State-based characterization of topolog-
ical phases in periodically driven systems, £ 94 [f]
MRBR Y ANVYER Y I S KA AR
WA, 2019.5.8.

Zongping Gong: Topological phases of non-
Hermitian systems, % JIl #ff 92 2 . B X K #
2019.5.20.

JIIHH 52 5F:  Symmetry and Topology in Non-
Hermitian Physics. ¥ JII #ff 28 % . 7 K ¥,
2019.5.20.

IR &: Localization and universality in non-
Hermitian many-body systems, #kifsiE XKL
WAt I > —, EERE, 2019.5.27.

JIIMH SZ3E: Symmetry and Topology in Non-
Hermitian Physics, & #R K 7 5 Y B # A 52 A
2019.6.10.

Zongping Gong: Topological phases of non-
Hermitian systems, L KZEETHRRIEE V22—,
2019.6.10.

FHEFE: Collective modes of vortex lattices in two-
component Bose-Einstein condensates under syn-
thetic gauge fields. PHHEHFZLE, FIK LEKRYE.
2019.11.1.



1. UEDA GROUP 1. — A BEEE G

1 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,
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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,
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