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Executive Summary

The deepening relationship between informatics, computer science, and physics is drawing
attention. The relationship between the energy efficiency of information processing and the laws
of physics has been debated foralongtime. Two-way exchangesin the direction of
understanding the laws of physics from methods are becoming active in both theory and
experiment.

In this proposal, we will promote interdisciplinary research that bridges informatics/computer
science and physics, aiming for growth in this emerging field and breakthroughs in physics/

informatics. suggest.

(1) Applying concepts and methods of physics to informatics and computer science
(2) Apply concepts and methods of informatics and computer science to physics
(3) Mathematics that connects physics and informatics/computer science

From the point of view of physics, a real computer is a non-equilibrium, open system, and it is
necessary to go back to the theoretical framework to deal with the limits of energy efficiency.
New concepts and discoveries in physics are highly likely to lead to breakthroughs in the form of
new computational principles and new devices. Expanding the frontiers of informatics and
computer science is essential for the long-term development of IT from the perspective of
human resource development. Furthermore, the academic foundations and tools created by this
research and development will spread to a wide range of fields, and are expected to contribute to
the resolution of social issues through low power consumption calculations and secure
information processing.

In addition to the research and development and maintenance of basic technologies, the
government needs to work on developing human resources and organizations that will lead new
fields and fostering communities. This proposal proposes a promotion method from the
following three aspects.

(1) Establishment of a leading research group
(2) Building an international research center
(3) Long-term project

This research and development area is in an embryonic state, and research communities are
divided internationally. Therefore, first of all, we need a place where we can share awareness and
discuss issues across fields and communities, such as between mathematics/information and
physics, between quantum information and statistical mechanics. Also, in order to conduct such
discussions effectively and efficiently, it is considered to be an important factor to physically
gather in the same place. It is desirable not only to meet temporarily at workshops and research
groups, but also to foster discussion within a shared sense of belonging to specific research
institutes and organizations. In addition, fundamentally important research often does not

CRDS-FY2022-SP-07 Center for Research and Development Strategy, Japan Science and Technology Agency iii



STRATEGIC PROPOSAL | Co-creation of Information Science,Physics and Mathematics -Novel landscapes from the understanding of non-equilibrium dynamics-

produce resultsin ashort period of one to three years. More time may be needed for
interdisciplinary research. It is desirable to have a position that allows research to proceed for a
five-year term and can be renewed unconditionally for up to ten years if there are no particular
problems.

Conventional
Physics

Thermodynamics
Quantum Mechanics
General Relativity -

. Quantum
“Information

Co-creation of
Information
cience, physics

Information
Thermodynamics

X2 Co-creation of Information science, physics and mathematics
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Original data up to the year 2010 collected and plotted by M. Horowitz, F. Labonte, O. Shacham, K. Olukatun, L. Hammand, and C. Batten
New plot and data collected for 2010-2021 by K. Rupp
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#BFI& (REFR) FY2015 [A] FY2022 [A] Bnse

R¥ - #F - %% (DAMOP) 3,045 3,327 9%
FEHYE (DAP) 2,899 2,899 0%
£44E (DBIO) 2,034 2,188 8%
E%4%E (DCMP) 1,682 1,317 -22%
stE4E (DCOMP) 2,686 2,928 9%
BMERYE (DCP) 5,839 6,731 15%
Ftsh% (DFD) 2,910 3,250 12%
&5 (DGRAV) 1,584 1,651 4%
L—H—#%% (DLS) 1,356 1,204 -11%
HE4E (DMP) 2,934 2,979 2%
RF#%HE (DNP) 2,707 2,812 4%
E—L#E (DPB) 1,052 1,070 2%
FHTFYE (DPF) 3,447 3,448 0%
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INBEEZZEDT, [BR] ARASEMIY —ITHBEEBRLTWNS, EHABEBICBEI NIV
Ea—4TlE. YRTLDZOBEOZEHICAMBL. FHL. BHTEEXICHAETHHNZHIALIRND,
SRFLEEOES 2 —)VECET 2R M, FHA SN RO TOREROERICETZ IR, SV
FLMEERTZIARNRE, SESERRAFWARIARNEEZIZRENH D 4675761,

BUT, B FRICREEZHIE B (CII+HARTIRILF—80% EAZNIARN) ARETH, K4
KREALH L — RA 7BEROERE, 2D EERZADBEANMEO CABN CEELMERERETDH
2, THZH. XD (vo0O%) BARITE [RAE—R] OEZAFAL, SBEEOERNBRTHDH
L/ — A GREEOBRE (DEDHIL/ —FAZILNRET ZEHNABRETIIAVER) TERTE
ZHESIDERVEDFRBRIIETH > T=. BREMICIE, EHIBBEUNTHIL, —HEAEERT ZDER
AEEICRZ2DED. ZOIBELI RIS THD, POLEDRNEEFWNHEE IE— REOIEM ~
L—RA7EEDERE "7 2@, HIL/ —HEREBEROAEE (/87—) AEIZLIABRVESMD, &
SPLANZIIAE— ROEZAANE=DENTZ, ZOESBRRESLERAZHIR D L — R A T7EIRIZ
[EEERRS (speed limit) | EEMEEN. SEEBANICHRAED SN TND, REEZAEELIEDL
S51i8a (BRREENN A VAR EIAVNES) [2DWTE, EEDOTY FNOEP—4£BORD N SRE T - 154
TYMAP—4RAAVDZE TREZTROBELTY FNOE—EBOBO M — RA7ER (R&ER) 52—
RIETEBERESINTNS 79,

SHEMOBMNZHREDE(LE FEHE (BHRLE) Z0LDTHD ., STEREDERIAEEENE ML —
RAZBMRICH D ZE EEENBLTWS, BNZHRRELERNHBEAREIE. Z0OBBE T4 v+ —
SHEEAVBREASES, Ty —XY 1 VIEREERW B EEREERL S ORER TRS 28 EOBEMIE
DESHLERTEE 2021 £ [BHREAPERERR - MO REEERER B », 7yb—2451
VIEBEE BARWBRERR B 2 D0AHREOERERNFHRTEEOEASVEFE>TRRY 5%
B2 Y, BREMPEMNZOFTELREENSIEIEARKENELNTNS, OB NPED
SEAMALBNORAZCERBARESEEZIDZCLET, BIXLF—AFEERED, HLLTFT—FF77
Fr(IoBNBEDEHFIND,

FABOSHRIIEFIVELI—YICHLTEERTIZENTE, ZOBAICIE [RE] LIIEHDEFEY
A SEESNEEBFEARDEFRENIEEET, BRAREBRNEFNZICENIEYRILY DR
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EMFEEEVSH CRERRDER/NEEELIBOAENTVSY, BREHICEZIDHRELTUIU—T
AEYYYRANESONTWS, CORRFRENEFIVE1— Y TOHERE(ZS5ZDHEDTMP,
DRAEEZELU-EFOEBRORAHRE IRBNLRETHD, £/, RRELBFIVE1—YDERRICIL,
EBFRNITEDLS ICREDEE CEFRELFIMT 2-OIEFRMNISHEL 70— RN\ IETSZENE
BB ZOES BRI TOBERANZOMEIIRBREOBAIERENE] 8FIRITI/ZYTILOT —
TV DESBERENOHD. EFRICEITZBEHROBNZD—RHNREBBDOIEILNKRDONS,

ETFHZEOAEEHREIZ. BNZORERAEEFVERICHS, EFIRORERATHIRKEET
FILF—DREEERR (D—2DKER) IEFEREAICEITIZ2EF7rvivr—BHREZAVE [
FUIIA=) - SADRER] DFHRRBZBETHD., nlF (HH) BREAZIIHBITE2 71 v v—BR
B2 EERRNDEFIRILRERALE 2 B8, BHRAMPLEFEREMFZOEEMICOVTIE3.3
BT TR B,

BRI MBHCMAT, MR TNC R, BFEIE. £ARRRESEIEART IA—FHHDOERH
R LENGHAREEETH D, 2D—ZE. BRANZ(CHTEERNVGHKREZRBRRILT 2 L2IF(C
EEEDLTY. MRNABFHLWIAVE2—FY I RTLOBRERICERDS 578, TENGHRLELETH D,
ER. BRANZEIYIRVIILDT —EVD/INZ R ZADFERE WS TZEBBNAERETS T TR, EEREMN
DEFICEIDSEFIEAYBRTCERICBRLEBEZEICBET 2R TORAFZMNL AR DT - RERR
SEENTWS 798791 Sig(g TNODHLWISADT/NA RADREFKELITLUT, ZDEEDEIENLE
TUVYT, BE - BEDEHDI I AL = A VFEDLFTBREANEDRIF TV BENH D, F£/-. FHEH
VATLELTIHRAT 21201213, INODHFLWVESPLERRM A7 —F7 7 F v ANSND &
SICREFY I HERELEBIIDELHTBES5, COHBTOMERAEREL LTS, FOS53
VOEBECN—RITTERER. /M SRED(IH, HERE - BELENEBD ML — R4 7%
FTEIRNVFI—VIRIVRIERLEE LS,

R EFR
HE=KEER HE={KEE2®
. e e BTFRE - BRI
- RAE—HER caz=a ) —{75
(=J)La 7iig) (RF7— RE)
- Fokker-Planck A $2 = - Schrodinger 532z
EES BES TSI BETS
15k 1 ] L ]
S D FE Rk SO ER
CKLEAN—=P VR cEBFFEL =D VR
s DJwY—2 R A iRk - SLDEt® 4 &

3-2
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(2) FFPERADZOBBEBEADITHA

WP BIZISELERTL—LT— DB, EERENREEATVEIDEZLDENEEEORE
Za-SINRYRT—VICEBEBEB THD, EE-1—JILRxy NI —2(3. ERDH. SFERH. BA
SENE, BEBERERLARY R THRNERDTUBA, ZOL55 [5FEWC] 22— LRy hT—
I DEESEISRBRAICKILUNE T, BRIGAERIREIMLEETHS 9, L0nFEBEXH=ILIZ
KRBEDBAN S, TIVIRYIADEEFEDNTVBESE RS, FEZFBETIZLIELIEIET — v %%
KIBIZEEZESH/INSA—9BTEBETIN. ZOLSBRETCEKDHZZBEANERLTWAEREER
BRRMEE SN TWS, BERLA/SX—9BIIHEBATHD. BT —5DEEMEHTE LES0H, 2T
DIEF — 95 RRACTAYTA VI THIENTERZEITHDD, ZNTEBZEIRECH, F=. Rv
D — O &IEARU/NS X — ¥ (S0 T (FE AL M LT 2 BRERMBTHS 3, Hethe
EFRBREBORBICHEREDIHEDVNKONE, FBEZ1—SILRY RT—IDFEBXHZZXLIZOVTD
ERIARZRELAOGTEN, BRPFEETILORELFTINS B4,

HOFEEN R

BAOFNIA S
(GHEEN)

EEEIAMDRL—RAT
W — kgT log2 (distance)?
kBT TA

TR DEE

X3-3 SVIITRAEEDFRIERRSE

EE-a2—3IRY NI OBBILODNEERS VY LTI THD, FHBERICLN=2—FI)ILRY
T— o DBEBNEHERIHFEEREEH T 2RERNENT TO—FICE2BRBANTIETH S, B
/NS A—SEBTOAREDKIBHUERECOWTE, Z2—JILIy VI Y ba—FIL (NTK) DIEZ
CRIE LT, 2018 EEDSEBHIAERT 9% AERRISEATLD. 2O TRLIEREE Vv I VI BBOY
BN T TEBRTZRAEREINSE 9, SvIVIBBIEIRNEREDY/ORFRNHZ LS WNMERE
ED L CRIMEZEBTEEVWIRE (DESBIRE) MSEE (DESHIRE) ICEDZEBTHD, £,
BEBEABEDOS Y RRT—TOERDERICOWTERAE VY SARES VY LRDKEHETELON=T
A—FhEMTHD 1318,

BB 1—J)LRy MERWEEL USRS BICDWTE, HEHDEMEE ICHARTESICERNICEK
RO TH D, YWEZEBEENES. B<MDAVLNTVRREREREFILIZRILY T VA RICEDIRIL
YRVYRIVTHD., BEENICAY VI RAEVETILIZRN YT TES, RILVYYVERDERSHERWVDE,
WHAELRALTEEEI/OLRE, EFILDHEOLANRERIRILY —2@BMS RN 5, Bllan
=S DIRINF—ABIMET B EICHBATENE (DL - SATS—BRERFIFTRAOBEHET
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RILF—ZERIHT D)o COEIBRIRILF—R—RADETILIIBETCEERETILICEBYICALNSNT
W3 9 BIRRILY TRV IRILE —BEROERICRBEERI TV, BE. SvYaN\vAER
(HEARIZBEWT, HEIRTVYIVILDOTTCOT SV VERZ RS 2ERMOARER) 2HAVIHFED
BEARIEEINTNS 98]

BREHRCHEE BN FBICHES AZOEENY —ILEBWTT7 O0—F I 2 BRHEFHZELED T
BENRVNABTTHD, B HENNETHRELTCEZHSRAPRAE VS SABEDROERIRILEY —
SYRRT—FEREERBEMBMEDABS Y RRT—F I TWBEEZIONTEN, HATRBELHED
FRITe. ZNICH T BEMTILTV X LDOMERETE (BEPINRORS) IHEHZEOFENBALLNTL
2 1399 EanmastEY 2EMTILT UL THIEREIELYRICEBEBLEDEENTVS,

FEFEERANZEEMEZBZ OBRCHRIE. MADAEICHEEZE-OTHEEN GV, BELRARMKELE
LT, WEBEIVRATLERBRLEBIVIVELTRS 7 7O—FHEZIOLNS, BISTESINDIDIE, FEFEH
HPICEDCARETIL EBEXRETIL) ORETHS ', 2020 FIREEINLT /1Y FiLETE
KETFILTIE, BAA—FIVO—%— (VAE) LEEHERRY RT7—2 (GAN) R—ADEBRERK Al &
BA52ERENHBREZER TESLETREWEEZED, ILHETI/ILTIE. BRI/ A XZMATWS
OEREFCIEN, ERAFEELVERBERKERZ O /A X By 7 v /4X) #HESIC, 2LT
/A XERELTWWKIN =R PO RICE>TEBEREERT S (K3-4), COUN—RTOCLREREZ
BTETIMELTEHIET (BRT — Y2 BT ULEBORENNSIBRDZESICEET D). & MERERER
EFILERBELTWS, 2022 FEICRRINEBELBEETIL 'Y (M8 7Ot R &2 E)LERTIEERL
VAE OBEZEBTETIBIEICED. BRERDNEEERILLTZ. BADPC THLEMES ZETILEF—
7>V —2 [Stable Diffusion | 1'% & UTERIAB LI E CEEBEIEAL,

REOERNEBRIISEBERTHER TS, IDHE—SN2EENLTHEKUDO—BIZTERVEZS
5o L L. COBICRAZNSIBPLHTIZ., FEEZZOEREFRAICEII2LHANET 7O—F0E
ARSI EIFEICET %, EBEBOERBT CIE. ZIICEIT-S VY LRORBEE. hAt
A, AEVIT SR IvIVT. IVTLTIREDHEENZICE FMEICFERL T TR, BRI 2158
BAREDHIBRIZNAR T TO—FELEETH 5,

q0(¥)
ESHS
BEZBEFN | =Rl )
(VAE, GAN) 7:(2) 90 ()
(RO A
ILEEF L .
(NCSN, DDPM) phe
AR MU, (MICLD
HROBTOER
T FEOEEST
RIS e~Es®) -
qe(y) = Z@)
i ]h =)
X 3-4 Y METILOERE
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HMWBEDAE—REEZ 2 ETE [#FE | [HFE] EWSBTER2EDOEHFED
EETHD, BMMEBEIBELEICETHRIZIEBORITT. Z<DBE. RDELS
(220D ICEUCEENIOERY 28 (MREEE) 2E X5, ZOEMKE
[SB-RELTAARIIEBRTESZNDITTIELRL, ZOTBREDZ_ L% X (#
BhE) | EIFI,

BE DA S E RN L DEA(ZE HRHETHIET,
ZOEAMTBELTERNDHIAMBEEEZ S, 1TEIOEAHTERHHINZHEEL

BROT, WMEL

E8B, —7. BEED [MEEX (N\7—) | CRBAURBICENTZITOAEEZ
DHEEZNTHN. TAVILOFEHZE ELTHER (3

THD, COEERIZIODVWTORNZDZEANIZEBEREENHEIRIEAL,
FRIEMICAIBER B RDME (HIL/—%XK)

HFERTAHEEIIETOTOCRAZERENIZTS [HIL/ —#EE] THsH. A
[B$::31=5 ) BOTHEREFILOTHD, AL/ —REERLDDOEM
ERACOTHEVES BRBEBIHFEELRVW. EADN>TWS T, Zofsmz
BT c dHEBDOTHILT I, EFOHHICIEIZOHIBREESNNICITENLET
TLEMEERESNEBEA>TNS 103104 v T3, BFVREEYIC
AWAZET, DL/ —EREMENISER LD DAEXRAETOTHVWSOERAD
BEDNRINTWVWD, ZOXIOBEFHKEEZ. EFRO/ECFH/RT—ILOT
RILF—EERBEICINATER LHRFSNS,
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3.2 THWY - GIEBERI R OBIE - TRl ol T 5

(1) EFEHREROBNEADIGA

EFBERERIETFROMELER T IDIIRIL TN, ZORAWRT U r—avid (HED) B
WEREFCLRLTWRWN BB RELEFREEBEIER LD, FNEBRDBRCGEANEELS
NTZ2EFEMDKENFEERELANILIZELTOWRVLDTHD, NoDEMBIARTHIREENEICEEN
foht )Y —REBiw] EFE(ENZETFBERBHRDEZH TH D,

)y —2BiwE. FIRSINYBBREOT COEFBERLIELEZS5RMEH T, [HDREEZRDHZHIKRE
[CBRIEZRIC. 7V—% (=JANEIDOTICYY TFICAD) RBECRELERIICOZR MDD Z Y —
ANEDLLWVWRED | EWST-HEZEKD. 7 —BBRERIY-RADERIF. VYV —REHEEZMIERAT
DZMUREFEL, 72EZE TZVIVTILAY D YY —R BB Tld, RENBS THHIERBINDIFFAR
EEHEEBE (LOCC) A7) —HRBE. TUFVTILIREE)Y —RREE LTHBEROHEEREDY RS
EEFTTDIDICENL DY —IHRENEREES ', 7 —BEFIEBFHENHRTI2IRTOY
B7O0CRZMELTVWSDIT TR, HEFNFEDTTCRBARGHENE FREDHAZERFETE 5,
CDESCT)—BIEICE>TEDZENTERREF 7 —REE. 25 TRVWREEIR) Y —RREE I IEN S,
LIzt T. UV —REBRIEIRTOBEEREE [7)—] » [BlEENTWS (=UY—X) | DITHEL
- ET. HIHEEDEETDYY —ADERAEZ 2BHNEIEBRTED, TVIVTILAVRD)Y —
ZEBRmOMICEIAE—LYADY Y =B, WAHED YUY —RBHHRE., L)Y —RERHIIREEIN,
ZFOEZHIZEFEBROWEIIL=TAIZARICZEE>TWNS 1061071

EFBERRZTEENLI) Y —REBROEZAEZRNZIISATS [BAH2)Y—2Ewm] U 0S5k
BABFEEENT, VY —RBROEZAIBRAZ(ICET2ERNBED W ONIH AN A Y THHEA
BN, BAROERENDBREBNLIBRE RS EIMENERIZTOATNG DT

AV —RBHRICHITHHBENAREL. A CHEERLUTHERETBE] 27 —1R1EE L.
[AERBICT L CHEATERRE RNV —RET B, 7U—BEICE>TRBAEDREIRILY YYD (F
T2AD) THdo LD >TRANEUY—REBHTIE, FE LTV ROERENHA LN TRERE
L. BIRRBIETZHEICHE (VY—R) hoEN<boWwWtEEzasnsh (Fld. ABICENL TS
TBHN) BEZTCWBIEILND, BVAREADYY —RBHm 7 7O0—F (3. BAZOBEAGEEE=IV/ORI(CHE
BRI BEIFTHRLS, BAZETERAICEL2HIEEEZ BRIEROBE RN OEEIT L EICHEHINL,

IEIFR)Y —REROPTHRAZEDEENRVEDIC [FERFRMED) Y —2 B (resource theory
of asymmetry) | #’%H %, “Nid. H2FRFNEBITREEZ T —BRELL. VY —REFE->TENIFE
RENZHESBE (REEDELRZ2EFEZF DEBREADER) N TE22h%aE. BEL-I-REEZED
BEEREEOEFIAE—LYRITEFELTEZ 2R EATHZ, MENREIZEANICIEIIXILF—REFL
Emlzd DT, BAZOREEZDAE—L Y RICEATHHEZ(FTTWSIET THD, ERIC, EFRTIE
HMIRE (F7RARRBOBHREIXIILTF—RENZHIIER) FFTREEER (FTZA0HEF TR
DIIBIER) KNDEFWISRADBELEMOSNTVWS, AE—LVRICET2HIM(E. =LY D
EKBARARETHZZE M D mE2BANTEIYyIE— LY MBREICOE— LY R (IENA
W \SEBABSNTVWE—A T, AETEI YA 2L TEBAER S 0E B OERE Ui ftgg! e
BEDFIRICKD EABREBEBEFREICHDEVHBEREBEINTWS, MIZE, RENOCHMENETF
TF—RDREPETFRVITERTS. 7o vIh—ILhoDBERRERE (ICE5EZZH % @B TS, JERIE
DUY —RAERIFATOR—PILTERS BABNRIHE—NRRAESI55E0DE LTERENS 117120

5%, HEERTZLHEZLEDREIEVRIIDOVWTOER - ERMAEINODERNZ) Y —XBHOH
BHBRETH D, BPLEDIRILF—RAT—ILTOI I/ ARRZDIEFERNZLBERANZICINA. BF
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HEZERICHREERTZ24% (BFE4R) ORNEADGALROONG, EFERVLEOE SIS,
BOHMEEFIVE1— S PREHDEFRELREDERICIIBFSAERODANPNLRIER L SENRT R
REEZOND, BFYIaL— Y CEEINIATIEFROFFES(FI /20, BIEAETRPET
R=ILRGETERINZFLVWYEHRRGREDEBBECTIZIGCHOEN . EFLZRRDIEFEHRNZFD
BIIBHTEETH D, VY —RABERIIEBFBEOXNMCHARBINTELRB/EHN. TLDEEE T
MDDV Y — XA TRARDMRZFTZH] CVLWSBOTERMNBELDOTH S, WENLHKIEZEDT T,
BNZNBRAEFREDLYREBNZNRECETFREBEODBEDRAZ LN ECERL, RELBBRODAEZR
DIFBIEFFFEENIHEOIXRILF—XREEICEMT 27555,

M2-1 [SRULIEZRS IS, BAREEBFNREVSYBERZO AR ELEASDBIIEFERRENEIST
ZEIMSEWVCERPTA T 7 ERRSEANORELCER, EFERHNBZOFIOEZFTIBNE -
M NZOEREDFICEEELAT TO—FERIUBEENH D, BREBIBANZOEFEN/ NNV IR—VT
HEIHENFZOERANLERBICENRE LU T, BZOKRLPVPOEELRTRODOED(E, Y1V XL
TEASNERAIVINAE-RELESS, Y1V X(E, BRERDY —/L&FER LU TR AZEREER]
(L8 - BF) MOMAHNZOAEEELTBRBICIMDEAR., BB, EFHENSEANE - FistHE
EEEHTRRE. T4V - JAYVOREDSHEFEIEFHZEALEFEFRACOVWRVWELEE D, BRE
THLETHOEFERLEMENBTTHN., BFERII2 T HhEETEEEH TV,

R, T/OBRERNFENOYIABBMAZEZEH T SICIEHRFNZERATEIEN RO TH>T. =
JORDBNETHIPOLEDEENOHNFE RN ZEHT 2B TE. BAOHMEARREIZH/ ZHIL
27 (BENZOMETHD) ZRETDHE. LIEDHHAZERATSHIETCIV/ABEFHFEYYO
BREARERZUDF TV, L L. EEOBABERTLEN/ZHILDHEELTWSEIZROARW S, 8
FHENGEE (SHANZERELTIC) BAZZARELES EVWSHEIEERNNICEDSNTL
% 12112] itz DERE RS TVWADIEBBREICHIRR (AER) BFHENS, EDKSICLTER
DEEELD (RAYAR) BMAZESRANRNZONEVSEETHS B,

RN NZERBT 27 7O—FTIHL, BFARLINORANZEERTIEOBERLONE
FRENED LS ICUTRAFEEIRE(TEMNT 20 WS [8FELL (k) | OBBETHD, Ehbhlr, RE
WY NEESNIZINIBF RNV AL —T 1 Vv H— AR S TRERE LIS (CE DL [CRTFE(LLY
2h. B - RROMADT 7TA—F TOMEHIBHANISEDSNTWS 2, 44V RSy FPoaHhk
FFREDEBFVIAL—IEMNAREL. SEIEREFLAINDBEREBER HIHTEZRBEEN
BoIEEERICHD 12,

BLEZHRBAITIANZZALELTEESINTWSEZAIZ TEBEREE#ILKRS (Eigenstate
Thermalization Hypothesis, ETH) | T$%% '3, ETH (3B FZ@4RDEIRILE —EEREN R
TEREERT T DR THENBIRELRWVD, WODNDRTIFRIZLTWS ZEN BB EIZKNE
BN TWD, £feo ETH EEFEUHRTOBERDEHEED LRTHZ [V—7 - ALV VY VRRE] &
WS EFBEROBSLAAEDLEDZET. BADMHREL. (HHHZEDON/ ZHILDHETIEHRL) BF
NEDIRIILF—EFREDESICERANEE RN EDOTDOEENERE TIEKIIT DI EEHFERNIC
FEEENTWS V2 ETH LAt R AR ICEBF RN RN P EAEEEEH T+ U AHDBESHIC
BHOOHN, S, MIEFROBEEDANZXLERIIRENISECEDERFIND,

£7-ETH DA CIERTEELAHATEANERB T HHRLBEINTEN., SHBIERE (Many-body
Localization k&) 1271281 L 8F ZAEHMRRE (Quantum Many-body Scar JREE) 11291301 75 21 T 46
ELBWETFRENMEIESIN TS, COLSRFEFEEFHEIE. NIFEDBNTRHE DTSN ZFEIRE
LIZERDFHLWIA TOBFHEEZION, HEEMZES (Discrete Time Crystal) 31132 220 % &8
HEBOBESNOEBANICHEI’EDONTWS, FFHEFHRITI VYV IILAY NIV M OE—-DRHE
REERETRHEDIION, EFETIIRABRERBIEERESNTVD, HHREFPBTCEEFEY MRED
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AIEBFR (BFYIaL—%) ZARVTRRNMEDONTVWSHLWIEFEEFHELZDSY1FII XL,
RN BEFBRLEDTZY b7+ —LICEN B EHFEIND, REKDEFRINOMEFAEFICIE. ETH
PRFECDLS BERAEBNLREVWEROBFEBRDIFEFEI(FIIREBBTHENBOTEE
ThHbo

(2) BEFEHEROEFYEADGH
EFBEROEZIAPTEIYEZLERCARITDELDOHN., YERLIBERY - SHEENZAIRELE
#UVEB ORI EATNS, E<I2. YHYBRIIBII2BFROREEEFEROB AN SIRISZ
£T. MROZAHILEFROEBBOFLDTVVILRY NT— 0 2BV REAEFEDRELREDEHER%E
RIS DERBYBTERNARONE P, HETIE. BOBFREBLARNFYBELENIER.
BRIEREDRAEEATNS 63,
PHEPEZICEITIREEANTEELMBEIRODETH D, CNET. SVYVERBICHE DR
DEFEBNLKFE/NSA— IR EDERCLBDENE DR ERDTE e, HEtNETIIEERITR
DORIEDE L EBBETE, BNBETOREBE THZEFHREBEERNLNTRMEDEALIZ &> THEA
TEREEZALNTWZ, LA L, DBEFR—ILHE (KM3-5 £TF) OERERTDICHMEER>E
FEFHREBNELCIRZNROMD. FILWESEAENROON TN, &<IC TRRAYHILEKER] &
IEENZBFHEE. MELLEEREIENETREER >TELTBEDKE/SSA—F TIIFYI
TERWL, £, MO T TCOHEBERBERBIEINS [HIREICL>TRESNZMROTAHIL (SPT:
Symmetry-Protected Topological) 1] (KI3-5 AF) ORHBOFTEEETH S, NoDYEDEFH
DABIIREYHEEBRBOMEAEZMECTEN, EFERERICEIIZDIVIVITILAY MOEEMEE
DEZANBASNZEBMOTRBLLKEBREINS LS5 (2> P, BFHEEBHOIIZHETNON
HBH. PIZIIERELEDEERLRENS EREENEFEIRICLIBETHRELDBFRENEND
HNESHTEBFHREDETDHENH D, BEERENANRODSHILKFERNE S HEHIRTT 202, EMH
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