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“In recent years, interest in quantum fundamentals has been on the rise, partly because of developments in quantum
information science. Fundamental problems such as the violation of Bell inequalities, which had previously remained in
the realm of philosophy of science, are essential for quantum teleportation, the security of quantum cryptography, and
the basis for improving the speed of quantum computation. Quantum foundations are now given renewed consideration
worldwide. It is of great benefit to the scientific community and to society in general that it has become much easier
to participate in research into quantum foundations, giving more and more young students and researchers a chance
to discuss quantum foundations and to contribute confidently to the frontiers of research. However, there is still a lack
of events focusing on quantum foundations in Japan, and there are few opportunities for young people to present their
research in a motivating and constructive atmosphere. Given this situation, the workshop “Quantum Foundations”
(abbreviated as QF) was established in 2024 and is held annually. The third QF will be held for the first time in
Kansai (at The University of Osaka). ” [2]

[1] Quantum Foundations 2025 ¥ = 7% A b https://qsys.se.shibaura-it.ac.jp/kimura/QFound/index.html (7 7 & Z:
2026 £ 2 A 16 H) X b i
[2] Cited from the website of Quantum Foundations 2024 https://qgsys.se.shibaura-it.ac.jp/kimura/QFound/index_e.html
(access: February 16, 2026)


https://qsys.se.shibaura-it.ac.jp/kimura/QFound/index.html
https://qsys.se.shibaura-it.ac.jp/kimura/QFound/index_e.html

707 5 LLi—% /Program at a glance

2026 £ 3 B 5 H/March 5, 2026

2026/3/5 JO095 A IR (B 1 L B (BRAER )
9:20 - 9:30 5B BRE+EIR (BR) (=1
9:30 - 9:55 —HREERD AR BFEY hRE LU —MIERR(CHT D RAREEAR D EEEDHIE

=2
9:55 - 10:20 —REEEE REFEIE —HRFESRGR (ST DAED R R (C K DYIBE ORI
10:20- 10:45 1RER(25%3)
10:45 - 11:10 —H%EEEG ERED KT ST TOE—LFDIEBIEDERA
A
11:10 - 11:35 — R \LFREEE %Ei!ﬁ)ﬁ’&ﬁﬁb\tgfv—] I:—I.//_Xﬂfﬁﬁ : R EBURIRIREADIGA, (Analysis of quantum decoherence using
complex saddle points — Applications to many-body systems and measurement problems)
11:35-13:05 BBIARFH#(9043)
13:05 - 14:05 BEFEEO BERER EFRFTNEERMEOERE | SFRENT &S FInARIRER e
14:05 - 14:30 1RRE(25%3)
14:30 - 14:55 —EEEG S An an.'.aly.sis of Wigr.1er"s friend in the framework of quantum mechanics based on
the principle of typicality =
14:55 - 15:20 —HEEEC BREE IRENREZE I DRIF, FFICIRVVKITF / Particles With and Without Wave Functions
15:20 - 15:45 IRRE—5BN i
15:45-17:55 RRH—(120%3)
18:10 - 19:45 BRIIRE



https://qsys.se.shibaura-it.ac.jp/kimura/QFound/ProgramQF24.htm

R —

&S K# 24 b

1 NEF HF — el E NI FREEMRIEICE D { squashed Kaluza-Klein7' 7 v k=L b DA N7 —HF & 7 oI IF > Dh—F > 7RG

) N A AIRES FHEHETILICL 2EADER & X7 MILEIE DN / Construction of Heat Baths by Chains of Harmonic Oscillators and
Analysis of Their Spectral Functions

3 IR | E—HIRBR T FEFERAFRICE T 2FanothE : v /L3 7IBOAKIC L BT

4 A FER A game-theoretic probability approach to loopholes in CHSH experiments

5 HR HERER |455RENEMIC L 2RI D BRI Another interpretation of time according to special relativity

6 SER #Jy | CP divisibility of Particle Bath with Dirac Dispersion Relation

7 B ®E& |QubitOEFREEEMBICE T2 7 Y FLI=R Y F v v RIVEOERE

8 NHRBLFD |Kirkwood-Diraco s & AW 7o 6 F O EEM OB ORAE

9 ZE LB CEERE AR OMMAAEEME T VICB T B3I A S Y FOBBRREAF IR

10 BERERK 127y by b=Y A 7 ILOBEREEEEEIEICL 2 BEDE

11 HhEE GibbsREFEMHFICE DK EFF v RNVEBDOREBRY T X LRI T X DHLE

1 - BMETF Ny bRICB T EETFERDHEA X FEFRIE / Fractional power-law decay of the survival probability in an open quantum-
dot system

13 %A EWH | Over-parameterization in Dynamic Parameterized Quantum Circuits: Theory and Limitations

1 i b —RTEFRDT T 7 VEBHICIIN S —HAEEEE ZDHRNFRE S/ Unidirectional Transport in One-Dimensional Quantum
Brownian Motion and Its Thermodynamic Consistency

15 FIFBE  BellEEOBERR ---BEHEE /) BAEERIIASICTEINLZDOD

16 D EE U ST — VB TICE T 38 FREEBFokker-Planck A125 & Aharanov-Bohm ) > 7'~ 0t B

17 HE R | THFROIERFAAABEE & & 2T — F{R7%/Non-local phase singularity and spatial mode conservation of biphotons

18 NIESE | EFUENFTETIEETELTCORRE: - AHEA LA TVIREPOVM ICLZT770—F

19 Z6H {M;K  |Hypothesis testing and Stein's lemma in general probability theories with Euclidean Jordan algebra and its quantum realization

20 KF [EF5 L] oBBELBERK

21 Ea #th  |OppenheimiC & 28N HHENRE TFEINS AMRREEODEFIESE

22 xR | BRKEESTET 2HENE TFROFEBEBNET




2026 & 3 A 6 H/March 6, 2026

2026/3/6 JOU35 A SBIEE (B &4 ML AR (BSFES)
9:00 - 10:00 1BIFAEQ BEIRE v ) IEmN 5 R DR =T im At
10:00 - 10:25 1RZ8(2553)

10:25 - 1050 R o E?arm(J’ow‘é}s&{"lfﬂ’\]*ﬁﬁﬁCﬁ%ﬁﬂ’\]’fﬁﬁﬁd)ﬁé{% / On the operational and algebraic
quantum correlations
10:50 - 11:15 6 Socein FOE—L>RAUEFREGH-BTFROBEG 25
11:15 - 11:40 —EEe ==y Quantum reference frame, non-invertible symmetry, and inferential reference
frame
11:40 - 13:10 HBBEIARA(9053)
13:10 - 13:35 —HEEEO Rk IV THEEEZ Rz 9 IEL=5 VS A F SO RDAEEA
13:35 - 14:00 —EERO hiE B SR - eI - EFHED L — RATRFRDOIFNIENRMRF RIS T A\ DILR =
14:00 - 14:75 e [EPTp— Compari?g quantum incompatibility of device sets from an operational
perspective
14:25 - 14:50 {AEE(25%))
14:50 - 15:15 —A%EEED FFSENT CH S HEREICH T DB THEBESDOISTRMHET T ET> 5> TILA S hDkit
= - ks
BFRaEBI IS S 1 7R =O0—Uv =
15:15 - 15:40 E® — ETREBR I/’S’/?)LX/ NEERE : IR =0—"J J.tfr'ﬁffEESGDLﬁSZ /
Entanglement Generation Beyond Quantum Theory: Achieving the Popescu-
15:40 - 16:05 1RE8(25%))
16:05 - 16:30 —AEEED NEBR Localizable measurements under limited entanglement
- - - - - aid
16:30 - 16:55 R LS, Un_lqueness of |_mag|na_ry resource for transforma_tlon from computationally
universal to strictly universal quantum computation
16:55 EE B (5~109) +7FDI>RX GaH)




1375588 /Invited talks

IR X (KRKF)
EFRPFAENTIER Y OER | EFBHEN L EFIRERTFEIE / Foundations of Quantum Local Asymptotic

Normality: Quantum Contiguity and Quantum Asymptotic Representation Theorem

BFROFRT — XN o RAAT A —XeHET HHE (BFHE) TR, BARPKREL2MRT HEERERE Z
FTRLATE200) COWEENZORRZERT 220 ZRRINCHET 2 Z L ABEETHS. LrLETROLE,
HEDECTTBRPHEETHE DD, o IBHINROIRESHERIE TR S EEEARTRS NS0, Hil
et QWL Z Z DX FHMH T2 i3 TERL.

KBTI, BEFHGEHETVOREARBIR 2K 5 KGR TH 2 [BRFRATINLESRM) 28055, £73, EARH
ZBWZOoNT THWZRZITITL K725 BFRESFRLZ CORER ML TIwhzidd s 28&E LT, Hizicd8A
T B ETFMAN— T EED BT contiguity (BEEMN) 2&:Ld 2 [1]. ZHRRFATRYRHEERE 2 R—rNk S 7
HOMEGNEEZEZ 5. K, ZOLBEDET, +HRELEABDOD L TREEFET AN [HY RO BRI MR E 7
) TEBITE 2 2 2RAET 2 R FMNARIVEM 2R [2]. ZAuckh, MR FHEEREZ, XDV TVRTFH
U RET M T BHETHIIRERENETT L CHEMTE 2 £ 51872 5.

JSHE LT, MY FEDMIRS R WIRWERED S & T, ERATRERMEE MR § 2 HRAYR R (X4 M) 28
%, BTPHEROMLEN 25 (EAMESR minimax OEKT) ZM—INCGFHMETE 2 2 L ZFHHT 5.

[1] A. Fujiwara and K. Yamagata, “Noncommutative Lebesghe decomposition and contiguity with applications in quantum
statistics,” Bernoulli, 26, 2105-2142 (2020).

[2] A. Fujiwara and K. Yamagata, “Efficiency of estimators for locally asymptotically normal quantum statistical models,”

Annals of Statistics, 51, 1159-1182 (2023).
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M ST (ZATEAY)
EFEY FRBLIV—RERRICH T IERFAERATEEDHIE

B IXFERRIERATREE E WO MED D 5. ZAUIEBOREZ AR OEMICITS e A TERVWI 2T [1).
ZOMWHEIGEE, ERIFHEICE S 2R AIITONTED, —fRIERG (General Probabilistic Theories, GPTs) &
FHEN 2 TGRSR T & D DIRVHHHAIC A XN Z OIEHIHED 5T\ 2 [2,3]. FIRFIIEARATREME O & & RFHEC
B3 24812 D—21T, Heinosaari 51 & DR SN FRFHIEATHENERTT (Incompatibility Dimension, ID) 23% % [4].
ID & TFERFAIENATREME OHIE IS B RE DR (RoT) ) 2RTEE LTEASR, BMENERISHETSH 2. ok
%» GPTs OFHAICD BARICHRT 2 2 MR 2023, ZhEToifmdFEe LTRFMICR STV, KRiFZETIE, ID
% GPTs NERL, ZOMWHEEZHAET 2. FILTHEICB VT Heinosaari 51%, BFE vy FRIZBY 3/ 4 X %51
72w X, Z WERE Z TR, ID OEAIEEBHICZEL S 2 ) 4 XOBMELGFET 2 2 2R L TW5. LAiL, ZoOM
EOEERLEFER I TOWRr o, 2 THE—IL, IOEZREL, BMEZIAHZE52%. HU8, BFmo vy
X, Z RIS s oBE e LT, GPTs IZBWT MEMRHNE) 28AL, BFEy MREFROMERZITS . BRI
%, GPTs B2 [ZXRILIE N AIREEZER] [5]) WCBWT [ 4 X&45 LAEMZHIE] 2oV T ID 08 % fiE
ML, ID 2T 2/ A XOBEZEE T 5. 2T MAMIRHEE] 13 N — oo D FT YV X, Z HIEL, FIRREZE
lld N > 0o O R THEEANL MEFORFE Y bREA&RS. ZhZEFAL, KREZEEIEHR (N =3) 20&FEy b
% (N = 00) NEBITTHMRICEIT S ID 0/ 4 RBEOZ(LORMEW ST 5. #RL LT, R YHinEF LT
H B _XITIEMAEET LV (N =4) IZBWT, ID OIFERAZRZ(LHE T 2 BIEDFE & BARR 26 2 B 8 L 7.
¥72, ZOMDOWL DD ZXITIE N AEETMCOWT S, BUEFTEIC X D FRROBENTEET 5 2 L 2R L7z [6].

S R

[1] T. Heinosaari, T. Miyadera, and M. Ziman, J. Phys. A: Math. Theor. 49, 123001 (2016).
[2] N. Stevens and P. Busch, Phys. Rev. A 89, 022123 (2014).

[3] M. Plévala, Phys. Rev. A 94, 042108 (2016).

[4] T. Heinosaari, T. Miyadera, and R. Takakura, Phys. Rev. A 104, 032228 (2021).

[5] P. Janotta, C. Gogolin, J. Barrett, and N. Brunner, New J. Phys. 13, 063024 (2011).

[

6] T. Sudo, K. Yoshimura, K. Nakatsuka, R. Takakura, and G. Kimura (in preparation).
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BBV, $HE (PVM) 3HE (IEEE) 2 1 el Ttsh. —oflE (POVM) OHTHH
M RMEDZ 72 LTHIBNTWS, L L. PVM IIMREINCER SN TE D Z OBRENRRSEMA T IR TH
%, BENBRABOAEZHOCTHEGRP R Fii & D b —RNRYER 2R ST 2 WA TH 2 —RIERRICB VTS, F15
HIE Y T 2R S T3k . HETHMEDITOA TV (1,2, HIED TPVM 5 L& 2 EBINCHHETT 2 B
EBITHONT NS [34]. £ DEICHHMERBRENEKD D D, 5D PVM ORI ITICk 2 ERLIH SN TRV, AR
7% [5] Tl /NER [6] 12 X 2 R FHIE O FBIE OS2 —RIERIMICHER T 2 28Ik b, RICETRICBIT S PVM 0
TER RS O 2 5 2, —iERimcBlr 2 WHEE) OMREER L7z, FARC, MIED MHEES LX) 2HE+7I
ERILT 2RISR RE L. ZOWE AN,

HIE A DEEBNTH 2 21E 2 NOBIHIED 1 DORIH LU THRICHIE A 21To7- & Zi2, WEIHIH UHMRE
Bazriknws, ZHUE, FYRLRBREERT 2DTIERL., MEROWNIRIZHb - B8EHANT) WETHE725
WWREZ e BbIh2EMHTHY, BFRICBIIS PVM IZZOMELRmIZT Z e /NE[6] ICko TURENT WS, KK
TiE. Gudder[l] DMERE L7y v — TR 7 = 7 P OMRZHEICHER L, EEOYHRICBI 2HE LT, —RER
ZHEEBEL > v — THEORMEPERIIFEMTH 2 Z L ZAHA Lz, ZOEREHWTRFRICET % POVM HHE#
HIT®H 27D DRETDEMZIVE L. BEBRZIEDOHIIE PVM TRWHIENFEST 5 Z e 2R LT,

FEOMRE D BEBMEE PVM ORI T LTI TH S, 22T EDBWSEMAL LT, HERBROWD
MERFEH GEEUE) LEHES BTHEBNTH 2 2 vwd IERMERNE) 2EAL, 2hd PVM ORI 252 3
e RAALZZ, 2, EeMFEEHEEL-RHEERICBITS WHEE OERICEDIBZILERLTVWS, 35, Z
DR L LT, 2 NOBIHIENF AR EBR2MEREZHWT RS LX) 2ERMT 2 2 LT, HEICHRE RN R
BHYH, 20 PVM ORI 2 52 2482 EA L. ZDR2FHNEFNT,

AT TIZE 512, MEBK - 22 EBNRHIE Y, 20U Ac 20U &R E., — KRG - B -
D ZNZIUT OV TERICRE Lz, FRC, IEHIRICIIHDTHEBNTDH 2 052 EBNTERVHENTFET S 2
YERLZ, ZOFEFF, MK o TEBMESKONTLE S bW KEBINRERD, 2 ToOEHBRICBVTHS
NBZeERTHDTHY, —fRHERGHICE T 2 HMROH BN I 252 TV,

T/, EEOVERIIBWT (B2 MEBNRIAES HIFEET2 %2 KB NES T 7 4 — 8B X CHRERA & v
5 IR 2 2 7 OBRH» S SIZ Lz,

[1] S. Gudder. International Journal of Theoretical Physics, 35:2365, 1996.

[2] M. Kleinmann. Journal of Physics A: Mathematical and Theoretical, 47:455304, 2014.
[3] P. Busch. Foundations of Physics, 39:712, 20009.

[4] F. Buscemi, K. Kobayashi, and S. Minagawa. Quantum, 8:1235, 2024.

[5] S. Umekawa, K. Ono, and H. Arai. in preparation.

[

6] M. Ozawa. Scientific Reports, 15:36112, 2025.
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THRAY v FOERBRNTHEIERZ Y OBE T TIMERTIE, THlAAX— Bl S RO EF @il L 726
. BT NFOERNZEED 1 2 LTREFRINTVDS, IHE T, BIEERERCIHIE R Sk 4 REBRB TN
TWVEH, REZCHERE Z T LN TV, JFHETIE, THBHROHE L BEOHED ML — P4 7 Dz EF<E
L TW22, HIETH SN2 5EOYIAEKD IR o TWRW I E DB L 725 T\ 5,

LU LiEE DS TIE. Hofmann BMRRE L7z 7 4 — RN v ZRIEIEIC X o TRARAIEIRED POVM HIE TYHEED
HIERRA DR & FHEATEE & 72 o 720 [1] BIERRZE Z /N 2 VR O % Sol 2 HEEE 34U, POVM JIEHD 51
HEOWEMMSEONE Zilkhd, ZOFERETHNGEH LHE,. Rz RITVHE RBRYHE) PFEETZL X
SEED 2MEMRO T 0 — 7 L IFRYPER 2GS S 5 &, REBYHEOME L WIEMRED T Z %, Lemmel 512 &
T2 VTt oER T, BRYHEOWEED S 1 @O EFITHFTNERD 2 DD THEl GERTE) L
TWb ZEWRENTz, [2] £72 Hofmann 512 &% “HR Y v MEEROHEERMN D 513, TH X — 2 ORIED &% £
TUHE A OFHEEN (AA)?2 DRI ek otz [3] THito—Hoth (+) OHlED OME A%(+). d5—77
DS ) DHEDISME A? (-) 21822, ADFEHEIEICRZ IS, ThLETHEREERT LIRS, 2D
i3, 200K B ETHRLE—HFONB EOREADOLELZRTEEZLNS,

Z ZTAMSETIE. ZOTMEEZHEST 272012, THEIO 2 20X e FltzHEEa S EhRic, HhEhiHE—
HFOmAEHE L e [4] ZORER. 0 < A(£)? <1 e R2IFRER A(L)? = 1 ORFELFI TR, A(2)?>1 ks
RAENRBIAE N e BRI 2 DD ET 1 DDHFHIHRL T, KDL FDEAD 0 & 1 DRDORE X127 5 KEZ
689, FRBERE KTFHRELL2—TONBEZIREL. E EOEADN 1B LAIF0 LR 2 REE2ET, BREEZ—TTD
HEEDEAD 1 2R, I —APARRLZREZRT, SIS DIFRE. FE. BREE T OMEIKEST 2
b oz, ZHETHBHNHOXTOGREEIERIIHKTFE L TRE S, $ROBHAERKEFEEEZRLTVWSZ L
2%, ZOZEIFAERIZETIUE, TN 2R IYHEBEOMENNETE 2, DE D FEfEmE L Tm C X
5 EEKRLTWS,

[1] H. F. Hofmann, “Direct evaluation of measurement uncertainties by feedback compensation of decoherence” , Phys. Rev.
Res. 3, L012011, (2021).

[2] H. Lemmel, et al., “Quantifying the presence of a neutron in the paths of an interferometer” , Phys. Rev. Res. 4, 23075,
(2022).

[3] H. F. Hofmann, et al., ” A possible solution to the which-way problem of quantum interference” , Quantum Stud.: Math.
Found. 10, 429-437, (2023).

[4] R. Fukuda, M. Iinuma, Y. Matsumoto, and H. F. Hofmann, arXiv:2505.00336, (2025)
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ILFR B (KEK/$HX)
BERESEZAVCEFTIE—L YRR | ZERCERRBEADIGA, (Analysis of quantum decoher-

ence using complex saddle points - Applications to many-body systems and measurement problems)

BEF7ae—-VLYRE RREOHEABEAZEC CEFREOEREDE RO, ROHIMAVREANE BT LTV
HETH 2, ZOB\EOHMI, BRFNFADOEBCBNTHORITH 2 LRI, RFEHREINC BV TIZR FIREOLRE:
T FERE LTHEETH 5,

73k —L v AOEMIZE T Caldeira-Leggett SR RFEFHEMNICHW SN TE /D, ERIE b s v XX —
Fi#E301& Markov/Born sl ¥ OIRED b & TEE XN 2 7, KR - 58S S HEECIOEA T & kv, TE, KRR
Erom AR BERR AL 2T, ZNODHEEBEZEDTT Ak — L Y AZERUR LICHFICFHARTE 3
cepREE (L.

AHZE TR, ZOERBACE S FIEER T SBT3 BIREOBEAIR T %, 12, 2T % L7 toy model
WISH L. RFEMEEERASTat -1 Y RAICEZ 2825, 02, MEMK 2 FRER (post-selection) THM:
DRz E 2. MR E AT ORFEFE R Z 8 U CIREPRE ORIRANEFHF S Tn GREZBIFS 2 2 2T Bl (K
W) 2B 2 IRAEER & E BANCHET T oMl AaZ2 5 2 %,

ARWFFE. B DOFEARTE, Tin Long Chau ¥ OHFEHFFEICE S bDTH 3,

[1]J. Nishimura and H. Watanabe, “Quantum decoherence in the Caldeira—Leggett model by the real-time path integral on a
computer,” arXiv:2503.20699 [hep-lat].
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RUR AR (FPERAY T BRIER)

An analysis of Wigner's friend in the framework of quantum mechanics based on the principle of typicality

The notion of probability plays a crucial role in quantum mechanics. It appears in quantum mechanics as the
Born rule. In modern mathematics which describes quantum mechanics, however, probability theory means nothing
other than measure theory, and therefore any operational characterization of the notion of probability is still missing
in quantum mechanics. In our former works [K. Tadaki, arXiv:1804.10174], based on the toolkit of algorithmic
randomness, we presented a refinement of the Born rule, called the principle of typicality, for specifying the property of
results of measurements in an operational way. The Wigner’s friend paradox is a Gedankenexperiment regarding when
and where the reduction of the state vector occurs in a chain of the measurements by several observers where the state
of the consciousness of each observer is measured by the subsequent observer, except for the last observer in the chain.
It is one of the central open questions in the measurement problem of quantum mechanics. In this talk, we make an
analysis of the Wigner’s friend paradox in the framework of quantum mechanics based on the principle of typicality.
We then draw common sense conclusions about the Wigner’s friend paradox. Deutsch’s thought experiment is a
variant of the Wigner’s friend paradox, which can, in principle, verify the effect of the consciousness of observer on the
reduction of the state vector. In this talk, we make an analysis of the Deutsch’s thought experiment comprehensively
in our framework of the principle of typicality. Based on this, we make a prediction which is testable in principle.
In our framework, we can analyze still more complicated situations than the Wigner’s friend paradox or Deutsch’s
thought experiment. In this talk, as such an example, we introduce a combination of the Wigner’s friend paradox and
Deutsch’s thought experiment, called the Wigner-Deutsch collaboration. We make an analysis of it comprehensively
in our framework of quantum mechanics based on the principle of typicality. This analysis shows how effectively our

framework works in an even more complicated situation. For the details of this talk, see arXiv:2509.07828.
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AN BE (AHEKXE)
BB EIFORIF, - WHIF  Particles With and Without Wave Functions

SAE 2026 FFIE Y 2 L —T 4 YA =KD AR BR L 1926 55 100 FFEICH 2 e bEMLT, 2
T, BEREKEE AR OV TEZETHEREZ L2, BRRBELTE, EEBEROIEHMNG®RNS 2 —F 4 &~
H—HEAEATE 2 L, KBIBBOMRREZ ZAUIHENGRRN T 4 7 v 7 AR MR 2. AL T, #onE 2 5
DIWEF DALE DERBREIC % 2\ 5 BIRT ORIV, —T, AL XY VIR F 2R ERVRFTHD,
BOBTMCEERD 7 -G TidIn 20, IEMNGLMCIIEREERBIREK iR I N2, FHEK XY V3N TEe K
BTFOXADBH Y, 2 BEEBEFRBEB TR IN I NEEA S, HEE 2 BOHEREE IR S X5 RIEEHBE#OD % -
mLY, WEREDHTHESEROD 2 - R LIERFITREMETH 20, ¥I5WS&EEMET X (H2 ) Oh
o &EhXEWV. IS DRI OWT Pauli, T.D.Newton, Wigner, Wightman, KEFE & ¥ DiF#EHEANL, D
EZ BRI, Zoftic, <27 o ROFEEEEED 2D ? BOFEEIBEENIEAN - PHEIIC well-defined 728272 D
2 ? 350 path integral IXERICR > TWVWB 0 ? FHOKBEBR L WS bDXH25DH ? HROUIGEZEE RIS
WS DHh? VoMb HD, ThoOFEEIP LT OER L.
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Bl 7 (RRAF BXRAREIEFER)
EFMICH T D2EVHERE & K EREIHERI DR / On the operational and algebraic quantum correlations

MHEIRIEE,. MY O A R D TICB W TEERIEZE LTHVY LN S, TOREMRER I, EEOMEBRRIC X -
TEX 2 HREMHERE) . WHEZEORENZ T ofiffie LTEnsns MUEBIHERE] o 2 EsE Z sh 5,
Bz X, WHEE A, B OZNENRA t1, to KOWTORRAAERE L LTk, 2hsoEBORMIEFMICX->TEE S
REUIHERE (B(t2)A(t)), LR LIFH VSN S, & 250, ZHUIYHE OB LG HE D 515 &0 2 HRAIERAHEE
(A(t1) = B(t2))oP tid, —fBaid—E LR,

BFACIE. NHEE VR S ER ORI —BEFRRICHPETE 3, 2SRRI L T, HBEBEBOERICTIIAER
BREBMEIFET 5, ZhUd, ME Ko TIREDHLR 2HAFMOEHNZ @R TAREMICENS 23] D dbBERZ LI LH
TE %, AW (1] TlE. ZOELAL%Z invasiveness & L CEREL L. #HRERMHERE & RBIHEBOZES Zhic ko TR Bh
52 RmLTz

KFETIZE. CNSORFIMHBEBEKY ., 2OWRICEET S () FRKMERS6 L OB OBEFRE ANz, EBED
HIEERED SEE 2 K 572, BEOIMITHRILZ R ORERAER & 3 ES R D —RICETIMICH T 2 REEHEB I,
ZAUTHIGT B BARRFEIRFER D ADFAE LR\, & T A, R/ B A LIOHEIE [4) EED < 28T, & FIRYEE
WBE S 2 TRABRY ) 7[RI 91 C & 5 HEFEIRFER M 2. AREBIRHBE IS 3 2 0B & U TR 2 & e AIATREIC 2 s
AR TR OFHIEDWT, BIERNRFERER N & R 72 R ER DM O 205, HIE O invasiveness R IEATHME
DR YICE > T, EF2oiiZons 2Rz, ZHUE, EEE HRAER) 201 & Ak S0 2 EEFRIRER )
ez DIEEMICE LT, H2MOBENEAD» S DIEYYERRT MR IEI LN TE S,

AFERDOIGHE LT, BF#ICB % Leggett—Garg R [5] OMALEMRGE - T 5 % S FIE DM O E Mt 2 DMt %
& 2T Lzs Leggett—Garg AERIE, H—R D MM 2Oo0WTOREXTH D, BFime ~ 27 R IEmz s 5
DITHVWSLEN S, Z 2T IREHERE) OERICIE. —RIC RO & 5 RAREMWNZTEEDSTFEET 203, FHC Leggett & Garg
DGR [5] Tld. BREBREHZAEIC X o TE X 2 EHEBESETRA S T, —7TRE. REBIHEBIHER. 55
il - SHHEEZ AN Z 2 TH, FAROWOS RGNS Z 2 dFME XN TV [6,7], AMFLTIE, KR/ &IOS [4
WAHIT 2 22T, TS REOHENAREMCEMTH 2 Z e BR Lz, ZAUCBL T, FIC 1 ZEHHEICE YR
WOWTIE, REAAEBE R ERAEB e 23 —BF 2 2 e IS TV ed, R TIEZDFDOFIRD RS Z LIS L7z,

[1] S. Umekawa and J. Lee, in preparation.

[2] G. Schild and C. Emary, Phys. Rev. A, 92(3), 032101 (2015).

[3] S. V. Moreira and M. T. Cunha, Phys. Rev. A, 99(2), 022124 (2019).
[4] J. Lee and I. Tsutsui, Springer Proc. Math. Stat., 261, 195 (2018).
[5] A. J. Leggett and A. Garg, Phys. Rev. Lett., 54, 857 (1985).

(6] J. J. Halliwell, Phys. Rev. A, 93, 022123 (2016).

[

7] M. E. Goggin, et al., Proc. Natl. Acad. Sci., 108, 1256 (2011).

16



=5 #h (REKTF)
FAE—LYALEBFREGHE BFROBR

HHORFMHICET 2 ERNZBGFLEIRZ SN TE ST, MFERENCEVERFHLR o —THcBMEhs o &7
WAV MBS 22 TEAORTFHEZHRT 20 LR 1]2]) PMEREINATWVE, 2o B1FHRe REMHHR
) RIENGOMER G55 HM-BTFETVICK 2 FPENEETH 5, K2, Oppenheim 12 X DIER XNz, d —H
B 7EHI-ETET L B AEHINTWS, L LAEINCEIKE WS BERIZEIRTH D, HiT, EBRTRRS
“DWANIGOE M BRFNZD D, BEICES2Fabt—L Y 20 oRK3EMNZ D O2IFZEHITRV, AT, BiE
PO, HEERAT 2 008 THRERTak—1L Y ALEdDE Oppenheim ETFANEMTH 2 2 BRT, ETH
BREODEGNHIRDZRVEM-BFRE LTHIRTZ 202 HET 2720, HHANCIRE S TIELWHTTOHIBEALTY 1 7
F—ZHL, ZODGORER, KoTWaHOL L~ MEM EOBEE T LTk s 2, Zhz¥v 1/ r—HETL
MERZ 2T 5, ZLT. ZO¥Y 4 7 F—HAEFPLIEEMETH 2 & &, HMANRE > TZLWHO Y 1 7' —BIZ
JFEERD, RFIGHH-BFRICKSTVEERTE S, ZO¥ Y4 ZF—HETFICHET 244 F I 7 AP EEER RO L
=, HH-BTROMERPRIEND, FRC, BABlY LT, Z2o0MEERT2RADS—5%2EX, BEEZ L —X7 7ML
TRoN2AMHERE NS 5, ~a 7 - HEMELLITE, Oppenheim €7 AHNHEHIN, XA F I 7 XDIEMEMEX
BT abt—L Y AHEE N L — FA 7 I0RILEND 2 e 2Rd, U bEED, HMENEFLVEEEST 2 HZBERIE, BN
LRFERNCHITH 2 Z e 2 —BICWRE T, BBEICE D Fab — L Y ALEETENG OB REIRTH 2 TREN %
Fio, RHTII ZOBEZHE R, N EEROMBR EOTERIIOVWTHHEMT S,

[1] C. Marletto & V. Vedral, Phys. Rev. Lett. 119, 240402 (2017)
[2] S. Bose et al., Phys. Rev. Lett. 119, 240401 (2017) [3] J. Oppenheim, Phys. Rev. X 13, 041040 (2023)
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RZ E (RHEXSF)

Quantum reference frame, non-invertible symmetry, and inferential reference frame

—HRANC, I 7 aPEEANIAHTH 20 L, w7 a RBERREIAREEE R, ZOMERYHEEORBICBIT S
REOHETHD ., ZOMRICEERBZDO—D20 BH%K (reference frame) ] TH %, HHENLETFIFTIE. SRR
BEMEPAE Y DRE L Vo YRR ERT 2VHER L UTbh, N¥ENRE (FIENFERE) L BEES T ST
e, LA L. w7 v 2BHIEDER T 2 EROBERCHEAIE Vo 7o 7o v RIZRBERNCAAHETH 2720, 1ERDANH
REEFMEICED K SRBZT TR TR TERVAIESH 5, 2 Z TAEETIE, HEtERe L bar 127> a >
GREHE) OFBICSHRROBSEIIE Lz THRISER (inferential reference frame) | W%, {EROETSREK
Aa=xYfE (ALYHZAEME) (ICBEANT 52 Dk L, #ERS R T m 2 2K > THEL 2 PRAE I FR
% (completely positive map) | L ZBICEEHL TW5, ZOWSETEHIE. #im, ORI E#EI N, BT %
BT 2R ELHEAOHE IZOWT, BHlIET DO —R R RS 5,

ZEZHK: T. Nagasawa, E. Wakakuwa, K. Kato, and F. Buscemi, "Macroscopicity and Observational Deficit in States, Opera-
tions, and Correlations,” Reports on Progress in Physics, Vol. 88, No. 11, 117601 (2025).
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Bt it CREARE AEREBFRAER YIEFER)
VIILATHFBEMER/EIIEFA=ZR VA A F =0 ADFRTEEH

MV BFROXAFIZRAET 2L T 4 vA-ARERICE DR E N, 2=X VIFEREL LTE2 605, —H. FHT
R HEEHT 2MRETROZA F I 7 A3~ E2=2)ThH D, 2RFR02=% VY KMEELEREHHE IOV
THifIZ L 5 Z e TERBTE 3,

BiCE FRORBFEGRIE. RO~V PR He, BRERD AL N2 Hy, BERORE pp. BLUL2MER
Hs @ Hg LOBHEHENIV =7 > H ZHWT

&(-) = Trple™ (- @ pr)e™] (1)

EET D, & IFZTERIEME LR RIEFEFE (CPTP B5) THDH. F2=K VXA F I 7 ADiile TNEHEERWETDH %,
FEFRDR E L Tid. Gorini-Kossakowski-Sudarshan-Lindblad (GKSL) 7##23K [1,2] A< HWws b, GKSL
718 CPTP B4ns~ L a 7 R

gt—‘,—s = gtgs Vt, s>0 (2)

BT EMTH B, w3 THRERE R RO L= 2 ) 2 CPTP 5%, ©% b GKSL HERE (1) 2 & R
HETH B, B POREARMETRENTES. [34], LaL, Shs ORI ESERINCEHARETS 5 22O
TEARIRRTH B,

ARFETR, COMVCEENREREGZ 5. X (1) OREFZA IV F=7 > HISH LT, WEINC R =205
T T, wAa PR RO = 2V RHREBBRIEIFEEL RV L ETRT, 2D, AREFROXA F 3
2 ZFRBFIEL 712k D GKSL ARRIGEMIALRMGBE RN ¥ R,

[1] Gorini, V., Kossakowski, A., and Sudarshan, E. C. G. Completely positive dynamical semigroups of N-level systems. Journal
of Mathematical Physics, 17(5), 821-825.Mathematical Physics 18.4 756-763 (1976).

[2] Lindblad, G. On the generators of quantum dynamical semigroups. Communications in mathematical physics, 48.2, 119-130
(1976).

[3] Davies, E. B. ”Some contraction semigroups in quantum probability.” Zeitschrift fiir Wahrscheinlichkeitstheorie und Ver-
wandte Gebiete 23.4: 261-273 (1972).

[4] Nagy, Béla Sz, et al. Harmonic analysis of operators on Hilbert space. Springer Science and Business Media, (2010).
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b B (BERERAT)
ST - REEY - BFHO b L— R TBROIEIENBREFRES TAOLE

REFAIDEFROX A F I 7 AR KIFTHIBICOWTOMSE 2T o7z, ZOMESTHORELITEL, ThET, BFHIER
B} 3 Wigner-Araki-Yanase(WAY) &8, & FHHEICBII22=4%1 WAY EH, BEF =7 —F[1EICBIT % Eastin-Knill
EHRED No-go EHEMNEZ HNTEL. 2L GEE, Zhd 3O0EHEER—F 5, XIFME - Rl - & FHEDO bL—F
F 7 RE (Symmetry, Irreversibility and Quantumness trade-off inequality ; BUF SIQ A% ) 2352 617z, SIQ &
FX, HRYHEEZOEANLBERICED 2 2 &, BH XN 2 BEORE D SRS & IEH B WVEH#EFZ 2. LaL,
IERN R RFR O FTEH SN LAERD 720, IIERNTIERWEREH] (non-additive conservation law) 23 D 32D R0
L TUREATE RV WS BEZ 2. Bosonic code 7% & O —HBD EE L & FIFHMUEE 7 OUIIENNER R RIFRIAEL D 37
OREMHT 2729 SIQ AERXOIEMMER R RFRIZMA FADILRIZEZELZFETH 5. 2 2T, RFFL T, FEIERNRZ
RIS T SIQ AERDE 2l AT, Z DGR, REDIEINERNT® 2355 I12B W T B FEERIC, FME « ARl -
HEFHED b L — KA 7R (LT, non-additive SIQ FER) 23 D 32D Z & % B IZFEA L 7z, non-additive SIQ X
X, TRIFTRFR IS T 2 IEFMEE Rt % & 7 5525, ORI, RFIMAFEEORE TW S T2 HWTHIHlT 2 2
EMTESL] 2V Z e R EEMCRLBERRTH 2. SIQ FERDEA RICHBPHR I N TVS Z &5 5, non-additive
SIQ D FIRRICIE A VIS H I S 5.
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5 & (A hEAFHEFRFETR)

Comparing quantum incompatibility of device sets from an operational perspective

AFEFEOMZEE Phys. Rev. A 112, 062228 105 <, BFHICHEVTEMOBRER FAFHICT RV E WS HE %
incompatibility & W\, [AIREHIE AR B[ BEME S No-cloning M2 ¥ O MEZHM—ANICEEd § %, T4E. incompatibility
FETFERLEIICBII2 )Y -2 LTHEHINTED., incompatibility @ 178X | 2RO 2 ZenkdoshTn
%o ARWZETIE. TFIFHATRERIRBEAHIR X 172 4K KT D incompatibility OMAIRIRELE ] ¥ W 5 ER LBl MICE D &
incompatibility @ T & | ZHERT 2HIEFZEAT 5, BEAflE LT unbiased qubit observable ¥ FHXNL 5 / 4 ¥ —7%
Ny VRAIEOMEZED B, Z OHIIEFS incompatibility DI EICOWT ZHETHATERp o EEE G222 %
BUERNR U, BilER D 5800 3 FERIGR D ML E&MFI2 oW T Rz, & 512, distributed sampling & IHEH 3 &+
THM K 2 21280 2WEOMDEAMD Z OFIEFIC X - TS5 Z 2 2R LT,
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FH =N (ALEXFRRFHARR)
CHSHREICE TP EFHRESORMNSRHEMI LI 2T XY DR

AL DHERIC K 2 BT DR EEEDGIE & 2 OFERIRGEEIX. Al OWEEIC BT 2 HELERO—> LTALA
515, HilFld Quantum Foundations 2025 Ti&, Clauser-Horne-Shimony-Holt (CHSH) BE®D b & T, Fi5D 2 0
PIMBE O X - THEEARELREFHBEEE2ER L. FCAEFELz HOWFAEGOERLRKEMNT (1] ORI OV TH
H L7, SO 2] TR ZORERE2RTFHBEESD Y — VBRI 2 &M RS 2 2 T, FEE ORI
o — VB 2 OB OWE D 55 2, $7-Z OFRENSBRZHRL 2, BT, X7 7ALRBEFREDD T
EBARERMHBR A2 Y, BT ONTERT 2 6 D L IIMEHEZRICT 2 HBESICOVWTY, 2O ZR AT 2 R
%o FHT, 26 OfiRD CHSH REICE T 2B FHONOBMHEED o DRIENZER(LESGZ S I L 2R LT, %
D BRSO JEMIZME & DBIEICOWTHE L S,

[1] R. Nogami and J. Lee, Phys. Rev. A 112, 062208 (2025).
[2] R. Nogami and J. Lee, in preparation.
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EIG BBIL (RKIE)

EFREZBRAIVRVTINAY MER: RRZXV=0—1 v c58HEDERM / Entanglement Genera-
tion Beyond Quantum Theory: Achieving the Popescu — Rohrlich Box Correlation

Bell #58 [1] & 2 OR#EHICTH 2 CHSH F%t [2)|S] < 2 1. FFEEHOFTHE L RTFTY XY 7R Y M k3
FERFTHBE D7 B2 I Uy BT & EAEME O M N AT RENE O FEEFMRGE [3] ZE Wiz, —77T. BT $ Tsirelson fR
FIS| < 2v2 8 WX SR WIRADTFET % [4l, Z4UTx L Popescu & Rohrlich &, AHXERIN K RANC R T 2
no-signalling JFFOHIR N T RAM |S| =4 Z3ER T 2HRET )L (PR box) DMK TZLI %Rl [5l, 2DLD
7% “beyond-quantum” BN BAF CTHHI S AR VWHEEX, BEFmEFEOT 2 8MEHOEEZ/E L. HRERE [6]
ZIILH LT 2FEEIERINTE ],

FREEFE LT T5ERH6NIRE (HHBE) B 2 THIRDGES2 L0 BHNRHK O TH 5, Fxld. beyond-
quantum FEEHICBIF 2B RE, Tbb TEMHERZ product state 22 SIEFATHERE (o XA X > ) BERTE
L) WHEEAEY TS, BT#RTIE. 2B TE Y b product state 12 CNOT 722D 2-qubit =&V Z{EAXB2 22T
BBLCZY R INA Y M RERTE S —FT. beyond quantum (2B} 2 T2 X 7L X ¥ MEBIZEMAERFIL ~LTT 5
Hontwiy, £ A%, Gross, et al.[7] & boxworld & MXN % PR box # &4 —iERmTIIAI#E LTy X ¥
TINR Y NVERPARAEETH 2 2 #R L, BT entangling unitary ICHHY$ 2 b DIIFELRV LGOI 2.

Fxld, FTEEOREZEDZ L TIDORMENPRELLEML, TR TNX Y MERDFREICIRZ 2 2R LTz [8].
BRI, FORRAE 2 MIFIRBENE T pure-state-preserving (PSP) 2% “unitary 7 FuY—" t L THRAT %, &
FiwciEk (HARRAIZIRE) PSP A L IZIZFRETH 2208 (9. —MRIC PSP IFATHMEL DR D155, AR 2
RS Bl boxworld 128 W T, MR product state 2>5 PR box tHHEZ 4K 3 2IEHAL PSP map % H/RENIC
W L7ze X512, 2D X 57 PSP entangling map #5ERICHFHL. A DHKLUMIITFELBEVWI 2R LT

SZESCHR [1] J. S. Bell, Physics 1, 195 (1964).

[2] J. F. Clauser et al., Phys. Rev. Lett. 23, 830 (1969).

[3] A. Aspect, P. Grangier, and G. Roger, Phys. Rev. Lett. 49, 91 (1982).

[4] B. S. Tsirelson, Lett. Math. Phys. 4, 93 (1980).

[5] S. Popescu and D. Rohrlich, Found. Phys. 24, 379 (1994).

[6] M. Pawlowski et al., Nature 461, 1101 (2009).

[7] Gross et al., Phys. Rev. Lett. 104, 080402 (2010).

[8] S. Umekawa*, A. Hokkyo*, H. Arai, and K. Takasan, in preparation. (*: equal contribution)
[

9] J. Hou, Linear Algebra Appl. 439, (2013).
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M B/ (NTT)
Localizable measurements under limited entanglement

Joint quantum measurements are a ubiquitous primitive in quantum networks and distributed computation. A par-
ticularly stringent operational regime arises when spatially separated parties must implement a global measurement
using only instantaneous, non-adaptive local operations (i.e., no inter-party signaling during the measurement), pos-
sibly assisted by pre-shared entanglement. Measurements admitting such implementations are often called localizable
[1] and were originally motivated by foundational questions about which observables can be meaningfully assigned to
spacelike separated regions, tracing back to early work on “impossible measurements” in quantum field theory [2].

A striking feature of this setting is the sharp contrast between (i) general POVMs, where (in principle) unlimited
entanglement suffices to localize any bipartite POVM [3], and (ii) ideal measurements (projective instruments that
also output the post-measurement quantum state), which are far more restrictive [4]. Despite significant progress
on concrete localization protocols and refinements of blind-teleportation—type schemes [3,5,1], a protocol-independent
understanding of which joint measurements are localizable under finite entanglement resources has remained incom-
plete.

Quantifying the entanglement cost of such localization tasks has direct applications to reducing expensive entan-
glement resources in distributed quantum information processing, and is also central to security proofs in position-
based quantum cryptography [5]. Moreover, recent work highlights connections between entanglement cost, semi-
quantum/nonlocal games, and resource theories of the LOSR (local operations and shared randomness), and con-
straints suggested by AdS—CFT correspondence on quantum gravity [6].

In this work [7], we obtain the following three main results.

1. General qudits: A rank-1 PVM on C? @ C¢ containing at least one element of maximal Schmidt rank is
localizable by using entanglement of Schmidt number at most d iff it forms a maximally entangled basis arising
from a nice unitary error basis; the proof reveals an unexpected connection between localization constraints
and Latin-square structure, and partially supplements open problems raised in [1].

2. Two qubits: A two-qubit rank-1 PVM is localizable by using entanglement of Schmidt number at most 2 iff
it is the product basis, the Bell basis, or a BB84-type basis. This resolves a conjecture of Gisin and Del Santo
[2].

3. Ideal measurements: An ideal measurement on a two-qudit basis containing at least one maximally Schmidt-
rank element is localizable iff it is a maximally entangled basis arising from a nice unitary error basis. This

strengthens earlier results [4].

[1] Jef Pauwels, Alejandro Pozas-Kerstjens, Flavio Del Santo, and Nicolas Gisin. Classification of joint quantum measurements
based on entanglement cost of localization. Phys. Rev. X, 15:021013, Apr 2025.

[2] Nicolas Gisin and Flavio Del Santo. Towards a measurement theory in QFT: ” Impossible” quantum measurements are
possible but not ideal. Quantum, 8:1267, February 2024.

[3] Lev Vaidman. Instantaneous measurement of nonlocal variables. Phys. Rev. Lett., 90:010402, Jan 2003.

[4] David Beckman, Daniel Gottesman, M. A. Nielsen, and John Preskill. Causal and localizable quantum operations. Phys.
Rev. A, 64:052309, Oct 2001.

[5] Salman Beigi and Robert Kénig. Simplified instantaneous non-local quantum computation with applications to position-
based cryptography. New J. Phys., 13(9):093036, sep 2011.

[6] Richard Cleve and Alex May. Lower bounds on non-local computation from controllable correlation, 2026.

[7] Seiseki Akibue and Jisho Miyazaki. Localization of joint quantum measurements on C? ® C? by entangled resources with
schmidt number at most d, 2026.
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Uniqueness of imaginary resource for transformation from computationally universal to strictly universal

quantum computation

There exist two types of universality in quantum computation: strict and computational universalities. The exam-
ple of strictly universal gate set is H, A (S), and this is sufficient to simulate any unitary dynamics. The example
of computationally universal gate set is H,CCZ. Since H,CCZ does not contain an imaginary number in their matrix
representation, only operators represented by real orthogonal matrices are realizable. In this sense, the strict uni-
versality is stronger than the computational one. Takeuchi [PRL 133, 050601 (2024)] gave a method to transform
the computationally universal gate set H,CCZ into the strict one by using a maximally imaginary state |+i>, which
is an eigenstate of the Pauli-Y operator. From the viewpoint of resource theory of imaginarity, it is important to
study whether the maximum imaginarity is necessary for the transformation. We show that |+i> is a unique resource
up to the free operations. Moreover, we show the stronger result that if a given resource state cannot simulate all
unitary dynamics, then the realizable operators are restricted to the ones represented by real orthogonal matrices.
This implies that a state p that is not maximally imaginary cannot be used as a resource to realize a non-real unitary

operator U, even if p contains an imaginary number and the imaginary part of U is arbitrarily small.
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1 WEF B (KRBRRIALAZEEFIATERT)
—RAL TN - FREEMRIBICE D < squashed Kaluza-Klein 75 v I R—ILHS5DRAAS—HFrIx
IWEH D DER—F% T

A—F U THENE. — AR & B RO M T MR E 2 R THIRIRNRRTH 5, ZORMEBE TR, EFENIN
FIC X D B ARERAE T 2 L THEINS, W OB TENETVZ., 77 V7 EEEDHIEMRELRRINDOEX
PFET DI Z2mBLTWS, REEHTIE. W O20RFTENMEmICERZFT. N ¥\ 7 AgEE R OEE
TH 3 LI NLAHEERFEHICK 5T ZOEI RERNOREREIVEON S, KT, ERITRZIC BT 2 M EAFFH R
. E - BHR - FOMHEER - MOHEER WS 4 00RAMHEMEHER T 3RIELERTAT T TH 2, ZDE
AWCEDE, GRILT 7 v 7 R IUEPEFRICGHKR SN TV 5, BIAIRTRER M FUIFEEINC 4 T TH 5720, REXTR
a7 MELERRILT 7 v 7R —REBIFENRETLVOEM e Rkt s, b % Kaluza-Klein 77 v 7 hF—L e
&, 5 XJC squashed Kaluza-Klein 77 v 7 Rk —ABROBGEIZ, Fy THREHZZEM e UTHRH, ZOEEZERM OV 1 XX
WIRETHMT 20, 7 7 A N—DF 4 KFEROMR2HD (1], THEREXITHERETa > 7 MrEhd e %
HRL, MR LTAM 4 0TRZEN G N5, DFE D, Ohbzary (7 M RRRFITEFO—#H D Kaluza-Klein 7
Z v 7 R—NVREZ, HENRERICT 7y 7R—NVETAD 1D Hixd 2, T4 F TIZ squashed Kaluza-Klein 77 v 2
R—RFED WL OOl LT, &—F ¥ ZHS, HFEROIERIE. O v 4 nigEEd), 77 X~iEDooEHh 7%
YEREM L, £ 2T, HELLERR 5 XIT squashed Kaluza-Klein 7'7 v 7R — b DR —F 2 Gt &, 82
AT —KFEHEBE7 =NV IA YO IAHRITE DR L7 2] 7ERD squashed Kaluza-Klein 77 v 7 R —1 5D
A—F IO OMR L IT R D, BIEARERRNDOR S 25 —RIL S N AHEE I X o TPl S h 2 BRI &
TEINMREEZR Lo —BAD RSN T 28 —F  Z7IREOMEZEL L. 253N I TOZ LT —,
YRy MEENERERTTOREE, 77 v 7 h—LDER, KU squashed Kaluza-Klein 25 81T 2 /N DOREX OFF
FWBEELTWR Z b olz, BIEINZEEOMER2 L 22T, 5 RICRFARILT T v 7 K—LRZIZBIT 3 BE
HDOAR—F ZIREZEH L, 618, —ILSNTHEERFEEABENC X 2R —F v ZTRED ERZRPH,ITL T,
squashed Kaluza-Klein 7’7 v 7 R — IV DZEFERICT 7V VEBREORINZMNIRERKEEEL S5 2Rz, £
LT, X N=FHEEHEREBIC X > TBIEX Nk —F > ZBETOBEMED, squashed Kaluza-Klein 75 v 7 & — L
DEEDEREDEREITED I ONTHERKICZR 2 A[RMENDH 2 Z e bbiroT,

[1] Hideki Ishihara and Ken Matsuno, Progress of Theoretical Physics, 116, pp.417-422 (2006).
[2] Ken Matsuno, Classical and Quantum Gravity, 39, pp.075022-1-075022-19 (2022).
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SAFIREIFHHETILICE 2B DB E AR M ILEBB DR / Construction of Heat Baths by Chains

of Harmonic Oscillators and Analysis of Their Spectral Functions

IR FROMBTIE, VA0 I 7 aE7)L (HEER) ZEAERMCHENT 22T, ROXAFI 72D KD WER
WD CDFIREE 72 5. AL TIE, NATEfESNAFNRE T8 U CARZMR L, BB HEFRZREMN T 2 &
THBARY PVBEABEREICHAETS. ZLTHROLNZLART MLBEBOREEIRZ 2 LT, RO 2 HICEHTS. 10
WFARY MVEBOR/MREIEL (L 2 Wl SEFHCB 2BHANZEEIT, ZAUIBNMCE T 20 6 ORI O K2
BICHG L, BRICBI 200 EORAIOKTEMZ Z A TES [1]. 35 1 D2FARZ MABBORR GEfTE) T,
LIZLIEROZA F 3 7 RAICIHEMIRE R Y OB R X4+ 3 7 225 T [1].

AL TS ETNTIE, FREBBOHAIERIZEAR DR Z M T 2 RAIRE FCRNCEAS 2. M7 2208E
TV DZEF TR FIRE FHORE, Thbb5, b - MR Fm o, FRRHEOEEREN (Bl - BEml) 22
fbx8T, LICEF2ART PABERO 2 SO Y OBGREIRS I L.

F7z, A TR 1T VICHNTARY PV ORI, Van Hove R 2] & N 2 RERMEICER T 2 2
L RENDT.

&R, BRRRRE LT, 7799 VN TIRARBET LV EME LIGEZBL, 77 v VRTFOX A+ 37 RI2IHE
BUREPET 5 Z e 2, DT,

[1] I. de Vega, D. Alonso, Rev. Mod. Phys. 89, 015001 (2017).
[2] L. Van. Hove, Phys. Rev. 89, 1189 (1953).
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BH—REBFT— FEFEHANFRICEITS Fano F1R : TILOATIBDHAHIC & B8R

Fano AR & 3. & 2 BERCIRAED & @ HIRENERER § 2158k b . HIOBERCREE 2 #EH U TR UEHiREENER T 2 1%
BEDTHHMRTH S, ZOTHORE. ROEBRIBEHCREM O T 3L F —Z2I1T0 U TIENMZREREZ RS, 2L T,
Fano 12 X 228D, BRGEAEZEE (BEIT) 7 4 = v Zf&% ETRAWGHS R I TV S,

AR, HIRIRE T B (cavity QED) RIZBWT Fano MIREMDAATLETFT v AX—HFEAX (QME) »MEREXNh
TEH, Fano L =¥ —DBFEL, Purcell 7 4 VX ADIGHKR EBHFFENTWE, —/HT. Bo5h 3 QME 22 DEHE
WIFEWDIH D Fano MR DEBLTFHOID ANFITOWT, H—HREEIE A TVLRLY,

Z ZTAMATIE, B—0HRFE— F e MRS HBEOREE L #5E LR L. Born-Markov LI S WTH
57z Fano 1R 2 DAAZ QME %, Markov E®AAKFICE DFEEE Lz, 2D X, Markov IHDAHD—DTH
% pseudomode EZHWT, HH%R (HFR) 1O L THBINZBHE GHREER) Z2EA L. Markov 72 QME ~#oiA
AT, ZLT, BHREERBE L OMEEHOREICHE T 2 XY — B 2RO 2 27 M AVBEBEHS 22 LT,

X5, HRBE-FBLRVIFAN—DHHEENALT % Fano XA{LEHWT, Fano IR ZH D AA LB AR
7 FOVEEEEEH Lz, ZDRARY MLEIEE,. pseudomode 7T & B Fano TR D E BN L 2R —H L 7=,

REFFEORER K D, H—HIRIE — F 2 HFRAMEE L7z QED RICB % Fano #H % X D HE—MNCH S Z e 3T X,
S 5 B EREEDRD Fano MRICKIETHE LN T 27D DREME 525725 9,
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A game-theoretic probability approach to loopholes in CHSH experiments

We study the CHSH inequality from an informational, timing-sensitive viewpoint using game-theoretic probabil-
ity, which avoids assuming an underlying probability space. The locality loophole and the measurement-dependence
(“freedom-of-choice”) loophole are reformulated as structural constraints in a sequential hidden-variable game be-
tween Scientists and Nature. We construct a loopholes-closed game with capital processes that test (i) convergence
of empirical conditional frequencies to the CHSH correlations and (ii) the absence of systematic correlations between
measurement settings and Nature’s hidden-variable assignments, and prove that Nature cannot satisfy both simulta-
neously: at least one capital process must diverge. This yields an operational winning strategy for Scientists and a

game-theoretic probabilistic interpretation of experimentally observed CHSH violations.

arXiv:2601.09339
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5 #R HXER ( (#R) BRI T E L)
SPRMENTERIC & B ERFREIDBUEEFR  Another interpretation of time according to special relativity

2w AV 2 VHEARPRNFHI e — L Y EIIC I D AETH S 2 b, HEEIE, BERCEISTAETH S Z LI,
FRRC X DL INHEETH S, L L, B—L Y VIHEORIICIE 2 DDMIDGFEET 5, 7 ¥ X ik TR A
) OFT, =Ly YIifi—m—1LyYoZEITE. KN TFe—7 VOB K> TS, BFEz—7
NDORERIC L o THEMEI N2 —IERTH 2, 74V 2 X4 ViEo. TOMBIESIHIER S DTR L, MR8 m
FHR SO, EMIIERYNRSDTH S, ZOMBIIVMEPEZI DS ZIZZORIOANVNIL RO, FlDD
DTH Doy B=L Y VIGHHOHZE LU & 512, RKEOBNO N FANEREZERL KD 2 Z L3 ME®RTH 5, LidihL
Too El2—07. W. 80 Uik, THAHMEREGR ) o T, Te—L Y YIEZFEFmCHAL X5 ¢ T2 R AR TRETE
THDI2LEALID? ZOFRMIHTI2EZREX [/ —) TH2,1 Liddhl. v 7 oW EE JANOSSY &, MR
SR OF T, ey v MCE-> TV 2 AR S IHX N 2R, MR BiA, DIEOROE S 2 TEh . L%
RS BN EVIEESEEIC — L VY ARETH S 20D FRIZ, ER3DRKBENVAEEZA TV S, ZOIMEIIEL
WIERE R 200, FEROERICX > TOAREZINZTHA 5] L FERL, £ WHE—IX JANOSSY &<
FHE LT, MR FiiE) O Te—L Uy ARZE R Yol ko TREL LS 3R, friLvwEKRTZ—7
NEREIEXERIXR 520D, JANOSSY AFEIRLTWE T L, a—L Y YRREENHT 201k, HrdbRETHFED
ARIN=T VR T 2O R T HWRERIZEES ) EBHLTWS, BE. 74 r¥ a4 v OB
fEfc, HROETORREFHLHE, TR TEDIPTEIFELRV. £ ZOMRIEZOBENREL X 2
FoC, AX 2D, BEHNHGRTH 2 LiHiZINTELDTH S, LA L. BRIHERT 2 2. MEDVHLRVEDD
T %, —HAICBZ2E5E. m—L Y Y B X 2 INEOBNTH 25, H2FR A (FBEx, FfEt) LT £B
(FEAE " B ¢) 25, HEV TEBIL VST 5, ZOR, a—L Yy YEHT, t= vy (t-Vx/c2) 25 BGRMIK
DD, ZORDFERIZ. RALZRBOFER x=x =0 D2 ADBHE o=, BEVOKEIDR 0ICZ->TW5 ., Blofi
BIZWIANDRED, E5RoT0EDLWHIRTHZ, BT 7 v P AR—LIC A>T 2EBHDEH IV S ADRET 2
726, BOORGFIERIL 072726, Z20H%BADBHDONE, BHDT Iy bAR—2DAZ, 1BETLERZ VS
D, T THRWRDIX, B TREIZIRLZ2 A2, BEWFZ2XLELT Mhd” »dLhknenwsEE, 20
filt o 727 WERE” 13, BEVORFFITIZEZ 20, ZOZEMBMICH-—EF T FOEMLUE" K 2I3MRDE2 50,
T 2O0BMRTOMRKELIZ. BEVWFEZILALTHMNALNIREZRRE T2 2212k T, 5 E TORZEDMRR
LR MR EHAT 5, (ZONFIE. 2016 F BAERGR YR RERFETORITRRLLZNBTITEMNLZHDTH
%, MERFHERD pdf iX. AV A T 2page ITHZTRHINATWVS)
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6 FR Y (FLMKEF)
CP divisibility of Particle Bath with Dirac Dispersion Relation

An open quantum system is the study of the dynamics of a quantum system coupled to some unknown environment.
Due to coupling with the environment, the system’s dynamics can exhibit a memory effect, in which the history of
the dynamics so far can affect the current dynamics. One way to quantify the effect of the memory is to analyze
the dynamics’ complete positivity (CP) divisibility. In this work, the dynamics of a two-level system coupled to a
particle bath with the Dirac dispersion relation is studied. We analytically show the CP-divisibility of the quantum
channel in the short- and long-time asymptotic limits and examine the connection between CP-divisibility and the
environment’s spectral features. Furthermore, we propose several experimental setups that serve as particle baths
with Dirac dispersion relations. We give a detailed calculation for one of them, which is an optical array in the
Su—Schrieffer-Heeger configuration. In this case, we show that our theoretical results can be observed experimentally

with realistic parameters in an existing experimental setup.
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7R BE (BSBEAY)
Qubit DB FREHXMBICHT BT VA LAZR ) F v O RILEEDOIBHIE

BFHROLEICENT, MEOR FREMERZIKa X M2 omEEICER T 2 B8 T RMEORGNEEELRFETHS. K
AT, ETREHE (Quantum Optimal Transport: QOT) [1] OFEHAZ VY, Qubit ROIKEER DX LT
MR REBEE R TR’ T T v Y AVOMBHRIEZIRET 5. — I, WBIREE o € S(H1) 2 HRIREE p € S(Ha) N
Dz a A b /M3 % QOT EIE, £0Hh v 7Y 27 (Choi fTHNIHIE) m e S(H1 @ Ha) RS 2 LR DFIEEM
FHERE Y LCERbah 3 ¢

minimize Tr[Cw]
m€ll(o,p)

subject to Tro[n] =0, Tri[n] =p.

22T (o, p) WAL R TH Yy 7V Y 7DEE, CIEaAMTIHITHS. LrL, @FEOFIETHLNL KR
BTF v U AVIIYHANCELERNEER CPTP BiR e L 2580320,

Z ZTAE T, Qubit RICBWVWT M2=X1F v 30 (BAfTHERETZEHR) ) & (50X b2 F v >
FV (=R VF ¥ Y AVOINREE) | HEMTHZUEE 2] WEH L. Lo =2l (CEHERE) 23#T
T, BREMEYHNIHRAED RS VX LIV F v Y FVOEBRRET 2. X512, WELEE AW HUERN
REfbic kD, ko X bERIMET 22X VIED 7 V3 > 7Lk BRINCHR ST 2 7020 AL E2RET 5. RFiL
&, BERRRREEER TN L, BRI S — MMEICEOKERE T A V25X 55D TH .

SyALI=ZRZYT

<24

1 AIETHRTE S VR AL=RYF % RALDA X—JK],

[1] De Palma, G., Trevisan, D. Quantum optimal transport: Quantum channels and qubits. Optimal Transport on Quantum
Structures. pp. 203-239 (2024).
[2] Mend]l, C., Wolf, M. Unital quantum channels — convex structure and revivals of Birkhoff’s theorem. Communications in

Mathematical Physics. 289, 1057-1086 (2009).
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Kirkwood-Dirac 3% %Z BUW = FDEE S DN DIREE

AL, KT ORMcBY 2 THEM off&%. Kirkwood-Dirac (KD) 431 d FE# % Fl W 7z — b st 7] IRffife R
DTHCE > THRATLDDTH S, 21 < 20 < 23 D=EHHOEIMABICE VT, 2 #WNTEEZR o ¥ L THE L O
D={z|-L/2 <z < L/2} 283 2T ORI P(21,23) & P(22,23) BE R 5. di BN FRIG T, R
FHVEETEICEED SAER P21, 23) < P(22,23) Zili/e T WIS 2, THUI. 21 & 23 T D Zili s 2 EEHHE LT
29 TH D REBT DI LT, 29 & 23 TD ZiEBE T AEHEHEE 2, ITBVWTHT LD D 2T 2080 E WV
SHMPERICHIES 2, Lo LIEHEIBRICB VLTI, FHICED ZORERDHN S Z e piffan 3, BE#E 3 2 JLiTF
7% [1,2] CRFEIRTERDM TR, BRI ETOMRIMEHWTOETFOEENZ2H#H L TH D AEROBAIUINIE
ZERECJRTE U 72 IR BIREE & 24 CJRTE L 72 BRI S 2 RS DR T IR ITRIAR R IR BRI IR E S Tz,

AR LABIZE TR, RSB 2 MBSO KD 77 0 FE 2 KB GRICH T 5 TFRHER M) o LTE
AL TEEEOBENZERITES 2 Z & T, XD —RAZIEEREICEWTHEEEORNIBNS Z e ZRT, FTHEA
AT e — L0 HBZEBEIRICH S € — 200 - GBI BE W T, KD MmN AER 202 & & 2 8dEfEfTC
T, EHRKTNI—b - HVRE-ROHEREDLDEKRBIIBWTS, ZETHICRER T 2 IEEENERORHED KD 71
WHHREICHIN S & & ZBEMRITIC X DAL 2T 5, AFFUE. KT OERER FIE Y L CHEFET 2 FHRME# . &7
T D BRI & OARBERZR 2, “HIRFERER N &0 5 Bl & ERAINCEHE§ 2 8 L WA Z 1R S
25DTH 5, KD pfiz it T oEEREOBERIE. BT BT 2 FERIM OV ERCEEE & VS HIF R
IZB1) % Leggett-Garg TNEFX e OBEN2#Z 2 2 LTHEELRINAZE5 X %,

[1] H. F. Hofmann, “Quantum interference of position and momentum: A particle propagation paradox,” Phys. Rev. A, 96,
020101 (2017).
[2] T. Ono, S. Nigam, and J. G. Rarity, “Controlling and measuring a superposition of position and momentum,” Phys. Rev.

A 108, 012215 (2023).
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9 ZEpEHE (KBRAFE)
ZeRAHERE & DM ETILICBIT B 3BTV 2V LAY FOBRRI1FI U2

FETFRICBI DIV R TARY FDOXAF I 7 R BT 2 2 23, BRELE FHRLEO RIS T THE
BTHb, ZHHEZFRORE ) A ZOHBI 2RV XY 7N X Y PZOWTRIALHAREINATVE 500 (1], EOZIK
IYRYITNRAY MIRT 28 oY 7 RADOECEN OBEMES O 212, AL UTRBIHZ AN Z W 2, 22T
AT, ZEREMEB 2 A5 RN 4 XZ2/S 3ETFE Y PROZ Y XY IR Y b RA F I 7 X2 RN R
L7ze SXILRY VERIRLAE T2 3BTy b2~ ROEZAFOEMCHE L, B v BT LR
DZEEEBZ I D AALE EFT LV ERERE L TOETAMCBWT, FEHRORMFEREIZ CKLS Mo~ 2 &% — R [3,4] T
R E N, v a7 WRHE T AR, BB Ty PHCROEGRE— F &, RIEHBHROBGRE — F O S
LTRED Z e RENTz, E0HREL GHZ KB L72HEICBWT, 8FYy MNEEBMIEKT21ZE, =&Y
IRy FOMERTY brY— (REE) OBEIMIGIENASEHAS R SN, S ORI —RIICAE R 2k~ ra 7
RIS B VT REE QY ANA NADEL 2 Z 8 bHL 2 IR -7z, D EOERIZ. BTy FOHEHKEES T > £
YINRY N OBRENICEZ 2. BROIEwLa gtk 3Ry 27X v b Oo#INEE » ORI R E S
Z5HbDTH 5B,

1] S. McEndoo et al., EPL 101 60005 (2013).
2] C. Radhakrishnan et al., EPL 146 38001 (2024).
3] V. Gorini, A. Kossakowski, and E. C. G. Sudarshan, J. Math. Phys. 17, 821 (1976).

[
[
[
[4] G. Lindblad, Commun. Math. Phys. 48, 119 (1976).
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10 #E A (FAET)
1EFEY by b= A1 VI OBERERBIRENEICK 2B8%FE DR L

BWSENC R T ¥R EZTEH T 2 B MBS STV, BR2 23 ¥ —FHREOR FERASHOERHED
WO H LIS 26 TRERPBETINTVE—HT (1], ZLOBRTEEEOMETIR TREREMAEMX S CRETERS
DEDHAK LT Gibbs SREEICHEM X B 7221 LRI D HTREE1T 5 BB R I N TB D, BRTFEREDOE B
OUEEA LICHFS T 208 5 2L TR, AT, 1 20RFEy FREN L TRAEZAHICERTZ 1 ETL Y
FEy b —H A4 2V EREREACEES 2 2 THEMZINZ TETERADBREZFR T2 E TR 2 #R L,
F A ZNVEWHBERERE SO 1 BFE Y Ay =% A4 22OV THIG R TV AR AR R 2B FEASDEDFRT
HMrohdZERT.

F v b= A4 ZOVIZMIEESE - EREINE - WiBAR - ERAHIZIER I DR TEWRE S, 1 BTy b Ay b—H A
JATE1IETFEY PROZ LY —MEMIREZHERE XA X85 28T “WBEM" B X “WBR" Y32 2=
2 —HEERITV, THAALF—HENIFE —EICH->T 1 B&TFE Yy b REPESRARES X KRR X 8T “EMma”
BEU CEREGH” 2175, AWIETIE, 0 “ERMA” B XU ERGH" BEZBWEOHEE D Gibbs IREEZRFET 2
GKLS BIg& P~ 22— Tilk L, 1 BTy PRETZERICHATHELIE 20 TR, ARRHZFREMXE2H
FRESFEAD Y A 7 V%2 E 2 5. FEATHIE TIRER L — b 25FElD D WA E i T AN R BT~ A X =R
LRATVED, ZHUI 1 BTFE Y FRD Gibbs IREEICEM T 2RICE TERADESEFCHRT S “Jfa—L v bRY
BPEAEREE R LTV 2] REFETIE, £7, F#flob VR EL “Jfae—L Y bR BFvR&—HREA TR X
NAEREMEAEMZITS 1 BTy bty b= 4 ZZONWT, #EREDERLTIEET 2 EHY A 2 L TORKES)
RS ER DRI EIAY 4 2 L TORKBSIR T2 Z e 2T 2. KIC, WHERMEER e EME) 2z 3
@ Gibbs IREERIFR T~ A X — RN Z BEHE T OHEERER (Kossakowski /1) ICEEDOWTHE RN L, HEMBAIHRIC
IETE Y PRE—HNICETERAEDERENERIN B FAX—HEREEETS. 2L T, 20k5%K “ak—
Ly M BIRF R EITS 1R TE Y b4y =% 4 ZLTIE, EHYA ZLOBINRBERREEEIHY 4 2L To
RARBGEIRE LR 2 2R,

[1] A. Lenard, J. Stat. Phys. 19, 575 (1978); etc.
[2] P. A. Camati, J. F. G. Santos, and R. M. Serra, Phys. Rev. A 99, 062103 (2019).
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Gibbs (REFRMFICE D BFF v RILEROREN S 5 2 LIBENY 5 2D LS

[RohiB&FRMEOAZHVWT, GRAONTETIRE p 2R IKE o KWEBTZ 20 WS MBI, BTV Y — R
(Quantum Resource Theory, QRT) DA TIHIZINT WS [1], ZOHHHATIE. H2HF T ICB T 2RED i)
PEBMTZZENHFEE RS, VY —REFRIBY 2 HHBEEIRELDTT, EIL Y Y A BER LRV EWVIE
MR EFBICE OSSN SR, T3 EYH o2 2DATHERTTRETH 2] WS EFHICHE S BIENZ 5 2
WHEN S, e ZIETETRNZZIBWT TBCFHRIRED & IEFERIREE 2 £ T & vy v 5 BEERTHIRI 233 Gibbs
R17 (GP) BiiZ. NN F2XDFITH %, W7 7 ADF ¥ v TRFANDZ Z 2k, MRNIER  EBRREOZ LA S 2
2T 272 TRL. MRTERE L 72 ) BIET RS2 BN 2 2 RoRb b iz, FIEEMEEEE (SDP) % TRI=FRANCE
BATREZR NN 2 5 A2 HWT Y Y — RFHfi 21T 5 IE4EZME S 2 L TEETH S 2], — /AT, MRzEFRErSLET
F % AHEER L7281 Y v — 23 (Dynamical Resource Theory) Tid, RoNz [BFR—2—F v 31 OAHEH
WTY —RF ¥ 2V ER =5y M F v JVCEHT 2R 2 S 3] DRT IZBWTH HHRA— —F ¥ TV RHEK) & #
fERNC T E 3, [EEDR— 8—F v 3OUIRTIE - S0 « X BV RICK > THMREARETH 528 [4]. ke UL TRERN
SRR THOE VST, ZOH - BRUHEELHHBEEOATHRTE 2 LIIR SRV, I TRMFETIIE TR
DX 5. 2R LT GP B2 RIET 2 [REH Y 7R ¥ §i - BRIUHED GP B0 A THRATRER THRIEN S 7
DEVEERT 2, BIENTZ 7 RAIRNERN T ZRIZEENZD, MEDF ¥ ANVEHBENCX v v THELC 201 Ty -2
ER—=7y PHBHIIZIEGP TH D, O AHNIKOEEEES] (signaling) #HT %) HBAEKKROLNE L E2TRT, ZORR
Mo, FraL TNy 7Y —REEZREL, Z2HVTHOF ¥ 2V ZEKT 5 0ot THREIREEZ /3 2 #7231
FiE) T MEOEH AR FOEFIELLFETERWI EAELNS (. X5, ZORENZEDRIED, RILENE 2
R XY OMOMEBICHRS 5 Z L 2T %,

] E. Chitambar and G. Gour, Quantum resource theories, Rev. Mod. Phys. 91, 025001 (2019).

[2] P. Faist, J. Oppenheim, and R. Renner, Gibbs-preserving maps outperform thermal operations in the quantum regime, New
J. Phys. 17, 043003 (2015).

[3] G. Gour and C. M. Scandolo, Dynamical Resources, arXiv:2101.01552.

[4] G. Gour, Comparison of Quantum Channels by Superchannels, IEEE Trans. Inform. Theory 65, 5880 (2019).

[5] Y. Luo, S. Milz, and F. C. Binder, Thermodynamic criteria for signaling in quantum channels, Phys. Rev. Res. 7, 043327

(2025).

36



12 &R & (BRREKXE)
RABREFFRY FRICEBITZAEFEERO BN ETFERIE / Fractional power-law decay of the survival

probability in an open quantum-dot system

RLERB TR BINCHE T 2 720 T3k . WIHIREBOEZRCIEE ICR VIR > B TIEINE R THET 2
ZeDHIBNT WS, ZOIEBNKZA F 3 7 RIETROISERIEE & ZH R LTE D, Em EROEHED HBA
KR TWS (BIZIE (1)), AT, BN /ESR - FIfERTRE Y 2 h 2 PEARTF 74 20—D L LT, HBET
Fv bR CEERECREF Ry P 2 BEFHR (ER) 2FRHL. 2hooMEBEBFA AL TESZ XS5 LER) KEHT
%, FrC, BIMET Ry PREBMLLAERIY LT, BT Fy b2ER O 1 S HEER T 2P FRIRE I TE
D, ZAUIRRROIERELSBE T % [2, £ 222, ZOBETIZET Ry b LOBTOEERRIEEINC LA
HLARV, Zhud. BREOBTFODHBEGRIREAINTED, AINPTURRCERTERLLZ>TWVWE Z DK
WeEZ 5N TWD, I TRIFFLTIER, FEEBEIROMUGE LR 3 S 3 ICERRER 2 BTN E T 2, AR TIEER
DIDEF Ry b L LFREEZ 2, BT0 1 HAREIET Ry b L8R E2zhzho 1 PIREOERED
BTRIN, BEREDLERBOREESTERIILERRD Schrodinger HERA 5B 5, [2] T, B EODBRIRIHR
FALZH TV 2 B80T, RESEAZ M BB 1 Z0uEE 5208 fF < EICRE S5, RIFFETIE 2 RO 5B %
E(p) =p?*/(2m) 2ELTHH. 2] FCHHAECIRETERV, 225, YHREOBFOHH T 0 AF —X—2Hn5
. BT Ry b EOBEBTFOEFRIBICOVTHU L ABRAEZEL 2o TE 2, ZoHERERMICE T 25 M7 2K
Y7 b, Laplace Z#1% F\WTRHTINCHET 5, € OFEHR, AEFEHERE, RRFEIBIC X > TEEBEIZE T REFRANC
HHES Z L ETT, [1] LIRE S Y LT, IR OEZTIEREO 2 XCldkh < 3/2 XTHEMEC 3, %7, B
EBMTIZARZDRENIEL. 22 THDROREFE (t73/2) BN,

ZE R
[1] A. Crespi, Francesco V. Pepe, Paolo Facchi, Fabio Sciarrino, Paolo Mataloni, Hiromichi Nakazato, Saverio Pascazio, and
Roberto Osellame, Phys. Rev. Lett. 122, 130401 (2019).

[2] A. Nishino and N. Hatano, J. Phys. A: Math. Theor. 57, 245302, (2024).
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Over-parameterization in Dynamic Parameterized Quantum Circuits: Theory and Limitations

EoEF 713 XL (Variational Quantum Algorithms; VQA) [1] \28W T, Barren Plateau (REREM) HTEFE
L7aWZ e [3,2] %, BWREFtR/ME (spurious local minima) DFE LRV L&, BETRIBOFAE RN ZHH T 5 1
THERDESRNTHZ. Hll=a—F 1 xy b U= T, #@FE 5 X —%1{t (over-parameterization) & X b EWERT
MHESER LIRS 2 BN TED [45], AROBHEPETF =2 —F 132y PV —=2ZIZBEVTHRI DGE I LR X
T3 [6,7).

AR, HREHIE & HERERICHED K 7 4 — F 7 1 7 — F#/E% &1 Dynamic Parameterized Quantum Circuit (DPQC)
PHRER I N, HEAEOTHPETFE v MU U THEEBIIZHE L 72\ BP-free ansatz TH % Z L 23 RiE STV 5 [8].
—7 T, DPQC T3 258F 5 X — X(LDFENTIERZ T2 Tk v, RiFFETIE, DPQC X X3 EnEFEAEMEY v
N—% Toric code NIV b =7 B L, 87 X —XBOEINMES () mEbCREo%:E, B Gi) BEF 74 v

—EHATH (QFIM) O Z > 7 « [EF A 72 ¥ O R HHERE O RUFN 258 2 53 5 .

BAERTHORER, <5 X — R —EEEBZ 2 HEBICB O TEWRATRMEDHEN RE I N—T, ORI
A= RFEEFETIE QFIM O Z v 7 faflidn 3 LRI o7z, ZHUE, FFx=R VEBEIC X DEREMMPIERL T
QFIM 0 Z > 7 3HEMLIG2 b 0D, /NERERMEICHIET 2 HIANEREEANDF G/ NS VAR Z RS 5. M EX
D, =R VREEZEL—ED VQA I2BWVWTIE, QFIM 07 ¥ 7D A TITEE T X — X% +2IREOT 6h
BOWEENRDD, TR 2IEEORHBNETDH 5.

[1]M. Cerezo, A. Arrasmith, R. Babbush, S. C. Benjamin, S. Endo, K. Fujii, J. R. McClean, K. Mitarai, X. Yuan, L. Cincio,
and P. J. Coles, Nat. Rev. Phys. 3, 625 (2021).

[2] M. Ragone, B. N. Bakalov, F. Sauvage, A. F. Kemper, C. Ortiz Marrero, M. Larocca, and M. Cerezo, Nat. Commun. 15,
7172 (2024).

[3] J. R. McClean, S. Boixo, V. N. Smelyanskiy, R. Babbush, and H. Neven, Nat. Commun. 9, 4812 (2018).

[4] D. Soudry and Y. Carmon, “No bad local minima: Data independent training error guarantees for multilayer neural
networks,” arXiv:1605.08361 [stat.ML] (2016).

[5] Q. Nguyen, M. C. Mukkamala, and M. Hein, “On the loss landscape of a class of deep neural networks with no bad local
valleys,” arXiv:1809.10749 [cs.LG] (2018).

[6] M. Larocca, N. Ju, D. Garcfa-Martin, P. J. Coles, and M. Cerezo, Nat. Comput. Sci. 3, 542 (2023).

[7] D. Garcia-Martin, M. Larocca, and M. Cerezo, Phys. Rev. Research 6, 013295 (2024).

[8] A. Deshpande, M. Hinsche, S. Najafi, K. Sharma, R. Sweke, and C. Zoufal, arXiv:2411.05760 [quant-ph] (2024).
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14 rhil $ (TBHEISHRFRRE)
—RITEFRDT UV VEHICHENS—AMEEX L EDORANFENESM/ Unidirectional Transport in

One-Dimensional Quantum Brownian Motion and Its Thermodynamic Consistency

HHE R ERIBRICE D 77 v VEEI TR, ATHRS CRTFI— AN E2 5 X 270123, IENMZART > v 104
HIRED AR TH D, FAPZ Y br b —ARE Vo BN R P 2T 2 2 LIXTERN, TIUIEFE R
LoD LTIRSZIFAN LN TWS, LAL, IS DFHIRNEZERTFRICSBVWTHHD LDODIEA S D%

AFERTIE, BB LTOT7 4/ Y eFHE LR FRICBIZMET D7 7 v VB2 ER L. NI RH2OH
NAEDRMF TS —HAENENFEBL 5 5 2 2RT, EHIC. ZO—HRAEEEZMNHET 5 2 & T, k1 OB
FEOBECTIHEL 5 % Z & 2R, WRIBIMEDORHE» ZITNIET 570, ZORPEIY e —Bb2ERL, —
R 2 e N R FIET 2 L9 ITRZ %,

ZO—HUEFEZREICT 2720, AKX TIE. A7 A XS0V RBERZYEIREE LTHY, =¥ e —%&
bz R 7 E BRI T R OB R ST L7z Z DRIR, —RTE TR TR IR TR S W iR L EB & O
B2, EHIREEAZD ER2CIRONT. HE2EOERE LTRIFESND 290007, T DEFHNCIRTE S DL THHIE.
Ry tr—r LTER(LEh, 22V TERICET 2z -2 P L5 %, —4T, iRz toE—0
ZLZEDLEROTY bR —IZFICEALTE D, BEEFEICHZ SN S,

D XS BMIER, —XTRe VO EFOHHEDNG  HIR SN ZRICEWT, EFe 7+ /7 »OiGELERE TE
DIHFEICHN, T OEE R 2 2 EBRZEM A, BRI O AN DI S Z 8 ITERT 5, Z
DI ZEAN DS BHIRE RIFETICEL 2720, 74/ YOBRTHICHET 5 Eiho—Frisisid. HEW&ERD
FEHICBWTHRIDFS,

RERDOWEIZ FELDOHRFR X 2RI HE L 72D TH 5,

https://journals.aps.org/prresearch/abstract/10.1103/fskm-y179
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15 A% B (KIRAZE)
Bell EIENBEMIR —AHESEMHS BAREERIEYICTESNOH

Bell FHIX, BT HYOEBERCBVTRDEERERO—OTH 5. EENREFIC XAUE, Bell RERX %0 2 HENZ,
RIFRFFERRTIIRHATE R we &5 [1,2]. LA L, Bel AEXOEHRICIK, B2l (FEEROIKR) Z2RELLS X
T, Bell- Bt (BERTRENE) 720 TR <, BRBAAZRE MEREDHIYE EHIME) BARERMICHWs NS, RlEH
VR UL TEREEOFE] T2abbHEDBHERIEIC X o TELLE 328, HEKRIZFE—TRRWED,
ZDIEYLIZEIATIE RV,

Z ZTARZETIE, HEBIRDRENZEBICRFN 2 E 2 5 A 2WEETAEZEZDS ZLICED, BHEREZFFEL
T RFTEEGROMN TS Bell MERZMDG2 Z e 2md. FHC, RbMHZL Bel- CHSH & (2 K 2 8 2 fH) 123
W, CHSH {EA A 4 123E T 2HMHBI %, No-Signaling ZHIA [3] Z W TRELT 2 [4].

[1] J. S. Bell, Speakable and Unspeakable in Quantum Mechanics (Cambridge University Press, 1987).

[2] M. Wayne, M. Genovese, and A. Shimony, "Bell’ s Theorem”, The Stanford Encyclopedia of Philosophy (Spring 2024
Edition), E. N. Zalta and U. Nodelman (eds.)

[3] J. Barrett, N. Linden, S. Massar, S. Pironio, S. Popescu and D. Roberts, Nonlocal correlations as an information thoeretic

resource. Phys. Rev. A 71, 022101 (2005).
[4] G. Kimura, A. Mayumi and K. Nakatsuka (in preparation).
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16 /i FHKE (REBKF)
U(1) # =SB TFICH T ZEFREE Fokker-Planck A2 & Aharanov-Bohm 1) I ADSF

BEEANES SRR, BFBGRICEB T 2% - BB B W T, JE Markov BFERHR - BUBBIO LY XV A A Y b %
BORAF IV AZIEMCIDS CeDTEZHERTH D, ZBRLHHE. TANVF—PLEFOHXENE, &FE
FEWCHEINTE =, LrL. BEF RS Aharanov — Bohm UV V272 \Wo - EBRG L RBOMEOH G B KX A F
IV ARHFEET 2RV D B ICHEDL ST, BEAESSEROBEGTAOIIRIE R I TWRDr -2, BRGTICH 2 E
THRiZ. BHEGOF —YZBUCE LT UQ) ifiEz2 oo, BFHMROHERICBVTH ZoMEIELZATHARY
RS0, Ledio T, RifIcBWTiE, FERES 7R E U(1) 7 — ML ST TERGT O RO X A
F I A% T 2 HEARCHIR U (1o F7z. HHMR E OEREITS 729, Wigner 22170, FEEALES) X O
PAHZER_ETORRTH % B TFEE Fokker — Planck A2 EEH L 72,

2o UQ) 7=ttt x 7 3R EALEE 7%, $EY ¥ ZNEREAE VTV Aharanov — Bohm V > 7 D%
W U7z RIS TIE. fiHODIC) Y I NOBFEMEEERZE 200 LR FEZITV, SBRERRY M, K
ANEBROFEZITo /o MIBINEARZ AL TR, BV Y 7ACESGZEMST 2 282k, =200 T 252
YRR L, £ KABROFERS R S1F, KABRIENZEEHEBICE VT, KIEHKDIE Markov $18 % &
DIBENVLEICK S Z A RENT (1],

5T, BESRGEEZR o TWAHEICOVWT, & - HHOWAFICOWTY Y ZHNORFOMICE T 25 H 2TV,
BRFROGECDAY ¥ THNORFORHB RG22 5 Z e 2R LT 2]

OZE ik
[1] H. Yang, S. Koyanagi, and Y. Tanimura, J. Chem. Phys. 163, 144107 (2025)

[2] S. Koyanagi, H. Yang, and Y. Tanimura, J. Chem. Phys. 163, 222502 (2025)
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17 #E K (RMIRKFKREFER)

ZHRFHDIEFPAAIABIF R R L ZERE— F{R7E/Non-local phase singularity and spatial mode conserva-
tion of biphotons

BTRFICBVT, BHEMNAZ X MY v 7 FHLHE (SPDC) BETDIONEERTI2RENLFIETH S, I, K
FoEfEs R (OAM) 2522 HMAT—F I p+ 1 EHRIEY Y 7BE2 52 28R E— R p 2RV I 75— AH TR
(LG) E—2%2 Ry THe LTHVWE Z T, BrREME— R ONEEBTE %, 72721, SPDC#EEICENT OAM
BRET 20, BIRE— FIEIMRAELRV, 2. EEE—F N =2p+ ||| K7D LG ©— 2 MeMic B VigER 3 % Gouy fif
FE, T OB EZEZRT TS 7 b X8 2GSV THmD TEEREEIZ R T (1), HEIREZZL Y
LT, By PHEEREHEE— F & L7z SPDC TR 2 M X B OOl LT 283 2 RO ZXotiaii 2 o
MDA RN 2 &, HEDEE TR DBERRAAAERRA) MEXRET 2 e 2 RA Lk, ZOREAME
. BEE— RO ) YR SE ZXOCRO HHZEBEMIC X > TEB X822 T 52528 TE 5, RERTIE.
Gouy MAHIZBWTEHER N - FORGFEEZRET 2L L b2, TOMNVEMDSFHR T 2 MHRESE [N —
R ORIEE DBIRICOWTHE T %,

[1] S. Feng and H. G. Winful, Opt. Lett. 26, 485-487 (2001)
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18 Il B (REEFAS)
EFAEINFEITZIREFE LTORM : F - @HERA AV REER POVM IC&377O0—F

BFACBWT, REGEE M7 X =4 2 LTibh, Pauli OFBEIC LD BERREE T LC3ESLL
W Wiz, (EEE R & A THERINCM RN RTH 5, 2D &L 5% T, Aharonov & Bohm 23R FOEIE KX %
RIMPMEARRIREL TV Z 2 IZEHI NS, T, T EHIEAHEEEREREFRINCERD S 2 & 2iks g
FREL TV, ZoERLEDbUDbIUGE - FHER LR, 2 - FHAFERCEETIEC X DFEIh S, THE £/
W TEIERL) IR 254D 5, 51 2R UIGHIERRO HIGRIN R EBER: B PR HEFANE T, £/ AV R
BOREERIC X 5 POVM 3. BRRLRZEMDEREL R ORENZUEET NV E G5 %, R#EHTIE. 32 - fHELz Y
AWHREETE 2 o 2 P)HIFIPERAE . POVM JIEIWCEM T 2 Z itk b, (Ml EFRICOVWTHELbOULbIOBEED
FREMENT 2, 22Tl ZF - FAHOPEFERIEAL TR U252 20D, FEOAFERNINER O AHMEE MEFE & [F U TR
EHZ, FEWICERT SRS, 2ok, Rz THETHE SN L HMKRHEREZRy CRAEL, ZhzglgR
LIZE D BETFUIANGT Z 2T, Bl (BHEZD Z2EET 2 L THEKRT 2bbhofi LWERERNT 2, BRI,
H R ORHERZ D POVM 1I22oW T, 2 - RHERICBI 2 MEESR L 2 FET 25 SR LEEZ LI LIC&D,
MR 2 &3 ZEB 2 HE LT 5, (1) RBREERET V. (1) 7Y 2ABRHERE T LVOMERZ] POVM iIZOWTHERL
KA T T CMHERIOME S 25RO R LUEEF T ZMR L. ZhsDERFONEICOWTHRT 5.
12, AV ARHEIBET VI OWTO T HEANIN =7 Y Hyoo & IEHEIARAGR & W7 IR [T, Hiveo| = —il % &
T ERS,
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19 e[ X (RTEXFZTHIERIFHZR)

Hypothesis testing and Stein's lemma in general probability theories with Euclidean Jordan algebra and
its quantum realization

BARGBEICB T % Stein O, RAVREZIG L Lk b 20k b #EE R OlnL ez RAKEOHN = > b o
=525 05, B EREROEARRTD 2 [1]. AL, BTt —MBILL AT DH 2 AR (general
probabilistic theories; GPTs) 128\ T, Stein HMOMHRLEGERZHE T2 Z e 2 BN 3 5. GPTs X, EFimORIERNY
BV AT D 2IREBRPHE L Vo TR DA ER L IMHATH 5. 2D, GPTs OFTHITHIEMEZE LRV,
ZZT, D5V REREETH % Jordan Bzl 2 2 HEZ Y 72 7 X, Euclidean Jordan algebras(EJAs) IZiEH S %.
EJAs TIEZARYZ PAGEHRKILL, =¥ br -0 HRCERTE S0, HREHZERT 285 L TRV L.

L2 L EJAs Tl&, GROMHES —Ic—E TR 2], 2ofRe LT () =¥ brv—oliENE, () EeEEE
(CP 1) DEF - HENEHROMD TIEFL 5 2 L WO IRAKNZNEIE T 2. £ T TRIHETE, FEDEFMHND
HDAAIHIFE L RO RERRDERERA L. ZOMHAD FTZY brb—oiEtExRL, oL —2
MWCP TH5IZLZiAT 5.

DE%RFEEEY LT, EJAs D2 7 A TIIARROBBICHKIFZE S Stein ORENKILI TS L ERT. ZOZ8IEF—D20D
ke LT, IREBEDERIL L Stein OFIEDRIZICIZ R FIMICRA OITHIBEMEIIRETH D, Jordan BITHEED <A
g, BLXUEZWDERZARY PRI THITH S, WO HIEEZ52 5.

[1] M. Hayashi. Quantum Information Theory: Mathematical Foundation. Graduate Texts in Physics. Springer, 2017.

[2] M. Wilce H. Barnum. Composites and categories of euclidean jordan algebras. Quantum, 4, 2016.
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20 KT f (Toru Ohira) (Graduate School of Mathematics Nagoya University)
rEF5 L&) OMBERBIERK

ZHRYy PEBRPETF MV HBO LS R, BTFHEHAOREERI I RITEIIIN OB HSNT WS, HERHCBWT
LRV DOARERNRF EHMOTERZHS LTWd Z L AMDED TH 5, T I TR 2R - 2HELR (2x2 FK) O
FIRIE TR D I TRT S5 LX) 2R3 AROBEROKRE 2 HERT %,

12oDDOHEFNITERICE LD SN S [1]

B2 x 2 ROMRE X, Y BV TIEHERMICHI T % P(XY) = P(X)P(Y) 2 & M+ e E)X, Y] =E[X]|E[Y
EdZ e WIAMENIC) FETH 25, BFHHE2 x 2R EBVTED LS VY2 Y7L LERETD EX, Y]
=EX]E[Y] £ & D15 2HET X, Y BMFEET %,

—BIE T HAER T r THOHRAMZ L IIFT ARV IR ILHAILNTVS S, 2 x 2RICKR-> TIHEBEEL e
SHERINHTH 2, L LMHETRTIEIMHEE R T DY XY 70X Y MRV EIEFE ARV, ZOMRIE. ¥ el
BIBIRIZZ U Ty R IR Y+ OFERTERES % 72 ORARBIIEEL [2,3] . kD —fROMBFROT 23 v+ 50 7%
[FE 3 2 FHEOHFICEM SN TV [4],

20D0FE[NE. 2 x 2IRARFIREZZART 2 Werner ZEATHNICET 2D TH S [5l, ZOITFNIHIE LR =
VRYITNLEBTIVILy PROMIERME L BX 228N TES, ZOMDEEWETET I NIX X -0 5HE%
BATETFNCEVEZZBE 2RV X IV LLRAGIREBIIRZ 2RI TWS, TITHRATHMWRRD
HCHEZEAT 2, I ZOMEIEAL, IDZLDBRTROBGDREDT Y XY INR Y N DI-DITHEL
%, DFD. HMMLHBEOBADSRTRLY XY 7N XY N E§GD 3 20D HEINRBERPEN, FERNRMGEEC S 2
h5 I Nn 5,

[1] T. Ohira, On Statistical Independence and No-correlation for a Pair of Random Variables Taking Two Values: Classical and
Quantum, Prog. Theor. Phys., 2018-8, 083A02 (2018).

[2] T. Ohira, Zero-Correlation Entanglement, Prog. Theor. Phys., 2020-1, 013A01 (2020). [3] T. Ohira, Binary Correlation
Measurements, ArXiv:2007.10605 (2020).

[4] A. Tanasescu, A. Balan, P. G. Popescu, Zero-Correlation Entanglement vs. Schmidt Rank, European Physical Journal Plus,
136, 476 (2021).

[5] T. Ohira, Separation out of Entanglement, (Presented at Foundations of Physics 2025, Gdansk, Poland) ArXiv: 2409.18495
(2024).
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21 B Mt (ALMAE)
Oppenheim IC& 2R ERNFHHERENERTFEINDS AMRREEDEFEST

BARROMWUODEAMEEEHD S5 5. ERMHEEIER. s5WHEEEM. MOMHEEREE TSR L L TR—IcER S .
FEERINC D FRECTHREXI N T WS, —77 . BEINI— BRI & o THHEINGGEEARZI N TE D WEZE Fim & BAINTH
BEINTVRY, ZORIKBVWT, BN BFROMAIIHAYEZCIBY 2 REEFREO—DTH 5, BNErETFIICE
T 2 HEROMR L Z OEBIIMIELEFHIGER L TW5, —/ T, EhEriliicivissarRe OMHEER%
BAT2PHUENHERO TR ZEEERIC K > THEIEL. ZOEEESCHNZE L TEHORFEZ BHEINCEHMES 2 &
W7 Tu—Fb b5, FiENERONREL e UT, IR Schrodinger — Newton #8133 X f Didsi - Penrose
FERL 72 & NSRRI 722 & B Binstein ARERADH SN TWS, L L. o OB WS S HERNZHREE X T
BO. MEOERIFINC X o THEEMRIMEATRE D o0H 3 Z e BRI TWB, 2 L CIE, BEheEmnd
G LW o B FREOHAEHZER B L Tl 3 2P 5 MEHEA 2 LT, Oppenheim et al. ITX2HL
WETFTADPRESATEEHZED TV [1-3], L2LENS, ZOWHIZOWTIIWEZ TG o Ty, A
7Tl 2D Oppenheim HRIOMHMERAVRIENCE H L. & AR O IR 2223 d E T35 T2 20 & FITMHER
BUT, OS5 EDARY bVEMBFHNIKRD 2, ZDFEER, Oppenheim DAV I FIUEARNZ, BITOE NI T ORI
TRV TEHXNEB IR DH 5 Z 3 E N5, X512, Oppenheim BEIZBWTREXIN TV S HE
NGDQ 5 EDEIFEVIHE TR VWRICER L. ZOYMEREZHAT 270, BEFENGHIREEFHEHAEERT 52
Ik o THEMMBEL EMNEL 235, BEARMET NV EFHLICHEET 2, ZOETMIH L THEKICARY bL
it 247, Oppenheim B DI ZAT 5, RIRIC, AFETH - Z2EB OB DR 2 FE v E HE I OWTHGER S %,

[1] J. Oppenheim. A postquantum theory of classical gravity? Phys. Rev. X, 13:041040, Dec 2023.

[2] J. Oppenheim and Z. Weller-Davies. Covariant path integrals for quantum fields back-reacting on classical space-time, 2025.

[3] A. Grudka, T. R. Morris, J. Oppenheim, A. Russo, and M. Sajjad. Renormalisation of postquantum-classical gravity, 2024.
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22 ki K (FLMAE)
BRI ERS 28 T 3HRNEFROIHEEIMR

FilEFROBERICBI 2EHERMNEL LT, HHT 28R (EER) L EREDBREDMHAIEH OEEHE DOIFHIFERIC
HEERIZTAEY —FRPIASNTND. XEY —FRHZ L, BFROKHEFERIIBEDIRBITIKE L2 WGE, £ Dk
FIXRE Tera7ig) eEng. 2ot &, ERHROBRIIESEA TN DA THS. —J7, BEwrazi &
4+ I 7 AT, BREVBEEOHENEHOEREZ REE L, B S EERANDBEROLHHIET 5 % [1].

25 L XEY =R, EEHRES EEHERDRIPICAEY —H—% X(t, ) ORBEAAAETE LTHAS. K
12, XY —RPIEEHTH 25 E0MMIIEFICH LV A oNTVS. 2D X5 kol LTk, FHRLER
ROREEDIREKET 25808 EZ 6N 5.

AFHETIE 3] ORERICEDE, HHR L BREOMEDRHIRE T 235512, fiE 2 REHICN L TR 28, TEEH R
5 EE R 2 IHEBNC R FEL, BEOMEEHBRDO X TV —3ROR2 N2 AL T 2 HEZIRET 5. AR
fle LT, RN 2N ETRTH D, RENRY V5D Jaynes-Cummings E7 L2 S . Tz, KFETAHILEI N
XY =RV 7 IE L3 7HH % RHP(Rivas, Huelga and Plenio)measure[2] % FWTFHES 5.

SE XK [1] de Vega, Inés and Alonso, Daniel, “Dynamics of non-Markovian open quantum systems,” Rev. Mod. Phys. 89,
015001 (2017)
2] Angel Rivas and Susana F. Huelga, Martin B. Plenio, “Entanglement and Non-Markovianity of Quantum Evolutions,” Phys.

Rev. Lett. 105, 050403 (2010)
[3] Yuta Uenaga, Kensuke Gallock-Yoshimura and Takano Taira, “Exact treatment of the memory kernel under time-dependent

system-environment coupling via a train of delta distributions,” Phys. Rev. A. 113, 012224 (2026)
FEICEE 3 255 Yuta Uenaga, Kensuke Gallock-Yoshimura and Takano Taira, “Exact treatment of the memory kernel under
time-dependent system-environment coupling via a train of delta distributions,” Phys. Rev. A 113, 012224
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