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Xwtz— /Message

DEAE, BFOERICHT 20Nl TuEd. ZoERICE, BFAERZOREEN—HE LTEFSNET. Bell
FERDOWNRZR Y, 1ERIFFRIAEZOHEBICHE > T0Ad DD, BFTLR—T—2aYORETHohH, RFIESD
LM, BFHEOBER LORME 722 Z e ALK D, BN EFERD RE LA ERITOhThET.
RRDOZEB L 12, BTEMROMAENDBELTND, ZLOEENBEELR o TRFEBICOWTHRT = 2 J#l
FEREINTELZDEEILWVWIETTY. LirL, BEPEICBVTIX, ETFERROMAZLATELTED, RICEEIKE
WCHERTEZ GBIV CODPEIRTS. %2 TQuantum Foundations (LT QF)J &, £5 Liz=—X%ii/z37
BT 2024 R INE L.

2024 % 3 A 11,12 HiATb 28 —FH®D QF24 1%, 18 HOHERER (RKRAX—124), ZMENH+FVIF74 05
#E 100 B2 2 2 ZMMEICE TN, BFERRANOSVELZHD THET MR R ELE. Thzxld, 202543
H 10,11 HIZBEZRIH & 72 %3 QF25 ZBfEVW-LE3. [1]

“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. This workshop was established to meet such needs.

The first edition of QF24, held on March 11-12, 2024, featured 18 oral presentations and 12 poster presentations. It
attracted over 80 in-person participants and more than 100 online attendees, reaffirming the high level of interest in
quantum foundations. Building on this success, we are pleased to announce that the second edition, QF25, will take
place in March 10-11, 2025. 7 [2]

[1] Quantum Foundations 2025 ¥ = 7% A b https://qsys.se.shibaura-it.ac.jp/kimura/QFound/index.html (7 7 & X:
2025 £ 2 A 11 H) X b

[2] Excerpted from the website of Quantum Foundations 2024 https://qsys.se.shibaura-it.ac.jp/kimura/QFound/index_
e.html (access: February 11, 2025)
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a1 Fa878 /Invited talks

PHEF HiE (RRAKREESMHATERR)
BMEBFROIETILS—MEEIETILO TN

PIRCER TR & &, SURANICIERICR S WERI R B TR (BERCWS) R Eh, MR RTR (EHR W
) DT, BRPTILI-FRTHoTH, ZOHDTHRTHHEHRBEIRR LM FRIANLF 2D EDTHL
B, BIIAIN =T R ARICIFTL I — NS D T, 7, ZDXA F I ATREERVPRAEY —Ny 77—
BHZRES O, —~fRIIEAVITHNCHED £F, ABETERDMELZ R TFRO> 2 L7 1 7 —EADHIF T,
PR FROIFT A I — MEL I~ v a 72 B ISR L £ 3,

PIHEFEE - - TE L I— b - B8F0%) @RI A>T 107147, 2023)
PIHEEE T2F 7B 5 TREOK) ) BARYEZERGE, 72, 408 (2017)
N. Hatano and G. Ordonez, J. Math. Phys. 55, 122106 (2014)

G. Ordonez and N. Hatano, J. Phys. A: Math. Theor., 50, 405304 (2017)
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BFNFORBRIE €I/ OERNFERDBZ O ?

Fax OHROHEABRERNFEFLEFREDIZRRTH D, TNOHPRETHED L IIHMGRNIG O & i Tl X
N YBERNCHE > TV B Z L I3EE S R v, —77 T ABOHIRR 7 — )L THEIE LS 2 BIGISIEREIC & U 22 Dk |
Ko T3 XD IR A%, BFNFLHMITENZNZNIFFT 2RI RE L BL-TED, 2060 THE
N LR UESHRFORMICR o o D BREEBOBKIC R 272D LT3, EBTREFNFDOIELIDPHEEINTS, T
. BFNENREAREHITSH 2726, RERADEICT 2WREEF YL EREREHIIFEOEINIGES 0h? L5
D5 %, BTI% 100 AFECHZD ., TRFNIFEIFPERZ) L 0I#mR2 S NHHFERE WS D0 H 5 2 L A EGH
71 EWVIFMAICBITLTH KVDTRERWR, 2505 EimEikAalz0,
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B EE (RRKF)
g7V —EHR

RTHHREROBE R T L O, RTWRLEOAE L £ OW#ICH 5 BB R R TR L O BIR & E R
SPITHILTHE, AFa— I TATE COMNCHERRT T0—F & 52 B HMATHZRT Y Y — 2RO
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[8E3E3R /Oral presentations

e (125)
ERFIRE POVM Z B\ -—hARFESRERICH 1T 3 Non-Positive Operator Valued Measurement (D323

YIRS RTRE R B FRIED 7 7 A2 S 005 5 & L I3RS B IEHANC S HEZMETH 5, POVM (EEEEA
TERIE) BEEBEREIC X > TEREMMRETH D, LA~L M EROFCANEIC L > TIREZRAKD I 7 ATH S, L
L. BV B OME TR, MERRIVBEESELZE e UTREST U, —RiERmOHA L LT, JEEME
HAETEAEE (N-POVM) HIEZHK S Z B TE %, N-POVM HIEZ & T TR T Eaunizd, PBIRNICSEIEAIRET
HBLIFEZONTORP o2, KX TR, BEFHICBVWTHRL R 2 REBOEREZRE LGE1C. POVM HIE L
FRREIUC & o T N-POVM HIE &2 FE T 2 RN TEE2E X %, 00, FREINS N7 POVM HIEIX, RESH
TEFETIE N-POVM JlliE L A7 SN D 2L 2RT, IhoOfiRIE, —KiERHICE T 2 N-POVM HI/E & HEER
DENCH LWBIRZE 5 2, —IRFERROVHIERICH 2Rz 52 %,

AFERONEIF arXiv:2411.01873 12HD <,
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M B/ (NTT)
Computing entanglement costs of non-local operations on the basis of algebraic geometry

In order to quantify entanglement and realize distributed quantum computations, it is crucial to minimize the en-
tanglement consumption of implementing non-local operations by using local operations and classical communications
(LOCC) channels. Although this optimization is generally NP-hard even if we relax the condition of LOCC channels
to separable ones, many methodologies have been developed. However, each has only succeeded in determining the
entanglement cost for specific cases.

As a main mathematical result, we introduce a concept based on algebraic geometry to simplify the algebraic
constraints in the optimization. This concept makes it possible to generalize previous studies in a unified way.
Moreover, via the generalization, we solve an open problem posed by Yu et al. about the entanglement cost for local
state discrimination. In addition to its versatility for analysis, this concept enables us to strengthen the DPS (Doherty,
Parrilo, and Spedalieri) hierarchy and compute the entanglement cost approximately. By running the algorithm based
on our improved DPS hierarchy, we numerically obtain the trade-off between the (one-shot) entanglement cost and
the success probability for implementing various non-local quantum operations under separable channels, such as

entanglement distillation and local implementation of non-local unitary channels, measurements, and state verification.

11



HFEN (RKELR - Perimeter Institute)

Haar S VA LRREEFROT T 1 —ICHITD
EFHONLEFHEE / Entanglement and quantum correlations in random states and holography

31K Haar 7 Y X LRERF BT 57 4 v ZIKEOBHTZ2EL T, RELV RV INARX Y MRETFT 4 22— FOIRS#
WEHLDITT 5, ZNoDBIED S NPT FHRESLIERARFHEDY Y - AREOZ XY TAX Y b 22y
WAV P RBRLERTHEPIE—L Y2 OBRICES, ORI 2411.03426 & 2502.04437, HEFHHOIFFRICED L,

Quantum entanglement in tripartite Haar random states challenges conventional (holographic) intuitions based on
bipartite EPR-like entanglement by revealing the fundamental limitations on distillable entanglement and quantum
correlations beyond entanglement. While (n4 + npg)-qubit bipartite Haar random states |¥) , 5 exhibit near-maximal
entanglement with ~ min(n 4, npg) distillable EPR pairs via local unitaries (LU), tripartite Haar random states display
distinct behavior. When each subsystem occupies less than half the total system, no high-fidelity EPR pairs can be
distilled between any two subsystems via LU (or local operations (LO)). This is proven via an e-net construction—a
discrete approximation of Hilbert space—or measure concentration, showing doubly exponential suppression of the
probability of sampling a state with finite distillable entanglement. Geometrically, this mirrors holographic settings
where the Ryu-Takayanagi (RT) surfaces are mutually separated even when the mutual information is large (connected
entanglement wedge), but this bipartite entanglement is not locally distillable due to the separated RT surfaces.

By inventing a geometric one-shot LOCC protocol, we find evidence that a tripartite Haar random states exhibit
negative partial transpose (NPT) bound entanglement at the leading order, posing a possible solution to the long-
standing problem. We show its existence by showing a pretty good decoder (Petz recovery map) fails to distill EPR
pairs. This argument is straightforwardly generalized to random tensor networks on a hyperbolic lattice, which is a
toy model of holographic states. The one-way LOCC protocol and its validity can be understood as the enlargement
of the entanglement wedge. Combined with the position-based cryptography, our finding might support the existence
of bound entanglement which is useful as a resource for nonlocal quantum computations.

Finally, our formula of distillable entanglement is extended to the quantum discord, which quantifies the quantum
correlation beyond entanglement. For Haar random and holographic states, we show that the quantum discord
D(A|B) is strictly larger than the squashed entanglement E, (A : B), supporting the claim that D(A|B) quantitatively
includes entanglement. Typically, quantumly correlated states without entanglement appear with quantum coherence.
However, we demonstrate in holography that there exists a regime where the quantum discord increases as the state
decoheres. This observation accords with the previous studies for two qubits but largely extended to the case of
strongly-coupled quantum field theory.

This talk is based on 2411.03426 and 2502.04437 with Beni Yoshida (and Zhi Li as an updated collaborator) as well

as my work in preparation.

12
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Michele Dall'Arno (Toyohashi University of Technology)
SIC POVMs in Quantum Interpretations

Quantum measurements (POVMs) can de regarded as linear maps from quantum states to probability distributions;
as such, and up to gauge symmetries, a state can be identified with the probability distribution it generates on the
outcomes of a fixed measurement. But what measurement should be fixed for that purpose? Within the context of
the interpretation of quantum theory known as quantum Bayesianism (QBISM), symmetric informationally-complete
(SIC) POVMs have been proposed as the "bureau of standards” for the perceived ”simplicity” of their reconstruction
formula of the density matrix given the observed probability distribution and the knowledge of the POVM. Here, we
introduce the problem of the Bayesian inference of a family of states assuming the ignorance of the POVM performed
to measure them; being such a process exclusively driven by observed data, we refer to it as the data-driven inference.
We show that, when complete ignorance of the POVM is assumed, the family of states that would produce the observed
probability distribution over a SIC POVM (and, more generally, a 2-design POVM) corresponds to the mode of the
Bayesian posterior, thus supporting the aforementioned subjective criterion of "simplicity” in quantum interpretations

with an objective foundational basis.

13



Dariusz Chruscinski (Nicolaus Copernicus University)
Universal bound on the relaxation rates for quantum Markovian dynamics

Relaxation rates characterize both classical and quantum processes, governing how quickly a system thermalizes,
equilibrates, decoheres, or dissipates. They are experimentally accessible and provide key insights into a system’s
physical properties, allowing tests of theoretical models. Here, we address a fundamental question: Does quantum
mechanics impose constraints on relaxation rates? We prove a conjecture stating that any quantum channel bounds
the maximal relaxation rate by the sum of all rates divided by the Hilbert space dimension [1]. This universal and
tight constraint is analogous to Bell and Leggett-Garg inequalities—while violations of these rule out local hidden

variables and macrorealism, violations of our bound rule out completely positive-divisible evolution.

[1] Paolo Muratore-Ginanneschi, Gen Kimura and Dariusz Chruéciriski, J. Phys. A: Math. Theor. 58 045306 (2025).

14



TR #h (AMKF)
T4 v INFREREE LI 2 EUROERMAE - REFEZEH) / Short- and long-time dynamics of a qubit

coupled to a Dirac particle bath

AHEEHTIE, T4 7 v 7 0BERER O AR LS Lz 2 BAROEFHERICOVTHEN L £ 9, MHTHRARE LT,
FA4Tv X ey THHL ST, AEERPERBIERICB W TIHENREED SIERIBEAN L BB T2 2 2R L
F L7, —, ERMETETIE. T4 797X vy T7OERICH2H S THEBNBEN RSN Z e LR D FL
720 EBIT, T4 7 v 7R ERONFIREERT 220D 2 00EBHLy b7y TEIRELE L7z, 1 2HIEX, Su
- Schrieffer - Heeger #2500 7L A4, 2 0HIE 77720 F /7 VKRV TS, EB5DF—RCBWTH, HFENEZ
7 X —XFFHANTEHFOEBREE 2 WS Z T, MR ZFZBRICHRETE2 L 2/ RLE L,
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W) 5% (REAFE BEIMIERER)
Leggett-Garg FEXDEFER /2 FLIIHEEIC & 5 BT

BT L HAERINRE S AR KT 5 51 LC Bell - CHSH (B - CHSH) R A0 < M5 H TV 5, B- CHSH F
FRIFEHACHEN 7 — o DR OHE OB T 2 AERTH 557, B—ROKHAMABEICET 2 FKD D DIT Leggett -
Garg (LG) 1 [1] 2 %, LG AERIT. EERITH 2 22 (Macro-Realism per se) 2, REEIFTICHETE 3
Z & (Non-Invasive Measurability) 72 ¥ DEETRTHILT 2 AHFRT H . MR R332 TOYHEICHET % FERERS
MOFELR D LIZEHIN 2,

BB 5 LG NERXDOBNZ NS 2 7RO —D0IT, HHERIMLISME - 55REZ AWV 2 FEPIHS hTwd (2,
3, 4] 2 ZCfiE (k) fERDAG I, &3 L BRIKHAGEDFF S NaWEROBFRIZYEIRIC B3 2 MRAERY) 7 [FIRiE
Ropfizia L. TR LEE ORIHERD ML OFEWNIC, BFMICHEIT 5 LG AEFR OO ER T 2 28N TE S,
F7-. 59f [5] ¥ Kirkwood - Dirac (KD) B O#EEHERSAICEE S 28 S0 SHARMAE Y U CHET = 200, REMRAIC
F9ELT e RKMET 22 (TFHHE) ICkoTHELN 22 eRErs, ERNL LG MERXOBMDOMEEIZ D VS
nd,

—fRIZ, BRSO ERITIIY IR O IERTHIRICRE U AEBEMEDRE L. ERHNICIX Wigner 271i% KD 771 & 1d
CokkA 72 H OPHAICIRIBEI N TE A, 2 - WIIC K o T, FU K IFAHRMEICGER LR e oY EREB o & T
{LORE & A LBIRICH 2 B D L LT, 205 ZHi—HNTHR S HllABREES hTwd (6, 7).

KT, EdROfHER BFLO—RAHEAICED 2 8T BRSPS EEZ W LG 75 XothF
B —INCER L, Db, H—RORMHEEICET 2T EXDS5 5, KT LG Db DD BTIcBVWTiE, wWih
DOFHERDMZ AV TOARERNCEHHTDH 2 Z L 2L IT Lz, ZAUR L < il ROMOFHEOBFMER R T 2%
THO, k2ot ersdboeiifahs, 20—75 T, B N EHIRFELZ W@ FERCOWTE, FERY
MoBLYHED AR M ADIEAFLBEGR (8] 2 o5 M MEosiih s b, £2—iE KD oo (55E) »RETDH
5 R ENT, TR, $9EE Wiz LG ANEROREEFEBRICE T 2 BIFORR 2, —KawD L Td 20 HEMMEZ S
THMREGZDHDTH S,

[1] A. J. Leggett and A. Garg, Phys. Rev. Lett., 54, 857 (1985).

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

[3] A. K. Pan, Phys. Rev. A, 102, 032206 (2020).

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

[5] Y. Aharanov, D. Z. Albert, and L. Vaidman, Phys. Rev. Lett., 60, 1351 (1988).

[6] J. Lee and I. Tsutsui, Prog. Theor. Exp. Phys. 2017, 052A01 (2017).

[7] J. Lee and I. Tsutsui, Springer Proc. Math. Stat. 261, 195 (2018).
]

[8] S. Umekawa, J. Lee, and N. Hatano, Prog. Theor. Exp. Phys., 2024, 023A02 (2024).
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FH =N (ALEXFRRFHARR)
Bell-CHSH ERREIC &7 3 EFHIERDFAEADTEBFFHIT T

BFEmICBT 2HHBEICIE, A< Bell - CHSH (Bell - Clauser — Horne — Shimony — Holt) 53X [1, 2, 3] ofith £ LT
Hohsd X512, RFFFEERTERAHTERVS ODFES 5, AHETIE, BETIREBORMERIMIC X5 RH (FHE
B[4, 5]) ZFRMEBIBZEMTE R 2 2T, ZOMBICH T 2R LGNS 2 t2@iil. 20 L TE&FMmL)E
FTRIERRIC B W TRFR SN2 MR DR Z E 5T 5, AWZE [6] Tid. FHIZ Bell - CHSH ORREICH T 2 VR DM
BIZOWT, TADETFMTHAEINDG DD TH L DDMBETIRAZ, EREOWHE TN L TR AERDETE
AB I LTz Fhoy K MIEDH 70 BR0 HIECRDFATHREZIRDIE D & DbDIF Tsirel’ son R [7] 2L ®
L L7000 BHF OfER [8, 9] DfIEMMIFIZOVWT it 5,

[1] J. S. Bell, Physics Physique Fizika 1(3), 195 - 200 (1964).
[2] J. F. Clauser, M. A. Horne, A. Shimony, and R. A. Holt, Phys. Rev. Lett. 23(15), 880 (1969).
[3] J. F. Clauser and A. Shimony, Rep. Prog. Phys. 41(12), 1881 (1978).
[4] J. Lee and I. Tsutsui, Prog. Theor. Exp. Phys. 2017(5), 052A01 (2017).
[5] J. Lee and I. Tsutsui, Springer Proc. Math. Stat. 261, 195 - 228 (Springer, 2018).
[6] R. Nogami and J. Lee, in preparation.
[7] B. S. Tsirel’ son, Lett. Math. Phys. 4, 93 -100 (1980).
8] B. S. Tsirel' son, J. Sov. Math. 36, 557 - 570 (1987).
I

[9] L. J. Landau, Found. Phys. 18, 449 — 460 (1988).

17



B EXE (BEEXFRHRFMER)
EBFERMEL )Y — X £ ORI E FRTEEE

BRAREYEFRGKR TEIT 2 22k, R FERUEOBEARNLRERTH S, VY @I M500ffy0#3Eh
LEFEEREZ 7Y —REFBERETE, 7V —RETEEKICE 2R FREBOLHORRENEL AT 2 2 L W KERE
EO—oTH2 (VY —RIHDOLE 2 — 13213 [1]). FA1Z [2) 10T MERELME ) L WS HERREA L, Z2hi v
IR DL REME 2 B 5L L 72,

RADKE py % B DR o KB L 20, ZhEFEHTE ADS BAD 7Y —RETEEEIFE LRV T
%, 2O E, LIXLIE pa EFIBIRC DR 70 2EDEZ L. AR A+C 25 B+C D7) —RETBERKICX-
T pa kR op CEBTEZ D%, I THBROREDPEN LD 70 IR D X5 RIGE. Uk Ml MEn s,
DX, MEIEAKR T E LD o 2REOEHEATREICT 2 L WS AT, BT HRWUWEICB W TEERMET — <Xk o
TW5 (iDL 2 —1f 213 [3)]).

LA, BHLUIWIREEICIE U Tl 2 % L CHEB L 722 LTd, BHLAZWIREED 4 X2 & » THIDIREICZE b
LTLES WO ARENEDR D 2, Z 2 THAIE[2] 1T, BRLZWIKED ) 4 X220 ThH, AL LT UTERT
2k9b0r LT MRl OMEZ2EAL. ZOWE LN, ZOMRE. ErR /I AXTHoTHENITHLT
ST H 5 Z L ld. HE SN2 ZHA MR 2 B FlERICR 2 2 L EFEMR I e Bbhrot, 51T, HBEAR
BEEZM TV Y — AHEC B VT RANC, RN B FBEROFEIRY Y —RORGE L BET 2 Z e b b o .
T/ MR BIZRMBROZAZICY Y —RB@mADH I L E, ZAHDERRDY Y — 2 HHOMEDZHEICEH
L. U Y —ADBEEHAIRE /AATREICIZ B REEITDOWTER L 7z,

[1] E. Chitambar and G. Gour, Quantum resource theories, Rev. Mod. Phys. 91, 025001 (2019).
[2] J. Son, R. Ganardi, S. Minagawa, F. Buscemi, S. H. Lie, and N. H. Y. Ng, Robust Catalysis and Resource Broadcasting;:
The Possible and the Impossible, arXiv:2412.06900 (2024)

[3] P. Lipka-Bartosik, H. Wilming, and N. H. Y. Ng, Catalysis in quantum information theory, Rev. Mod. Phys. 96, 025005
(2024).
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IS = (FRKKE)
EFAELBTREICNT 3 HENAEEBEN — R4 7

Walo/b, BIELD T2 &, FBINC, 20 200 (HE) LHEELOMIC L — RAIHFEET 2 I eHI6N
TWd, LHL. 25 LEEBIOZ C 3ER LORDEFLHRTH D, EARNZYIENOEF L TORE-FKED b
L — R 7 HERRIEICEET 208 23R OATVRY, AFETIE,. 25 L0 — FA 7 0EBICEEL.
ZNHPMHEER OB TV F — R 58I S 2 2R T, X [1] I8V T, —BIREFERECH LT, #
BFRERPFET 2581 AR OWTOEHREN R NRARENT: (7272 L. 2FRD L~L b ZERNIIERXIC & ARGE X
N2), X [2] Tld, ZOPHHAZEHWT, BFREICTT 24 REELEELZRE S Z L 2VRE NIz, Arthurs - Kelly
- Goodman /NEPZ - RIHORELEELS COMMHATRT N TE S, AR TIE. WX (1, 2] OMAZ, EHR
DYEEREE LT 2 B TFHR (UL R ERIOT) LA L TW25EIIET 2, 2L —(RIFRIC HE/EH O
Rt ZARE L7z 5 2T, Lieb-Robinson bound % H\WziiFiEL (1, 2] OFiEEMHAGDOE S Z T, kA RHAELE
BLICA 3 2 iR 72 RIRZ S L7z (3],

[1] H. Tajima, R. Takagi, and Y. Kuramochi, arXiv:2206.11086 (2022).
[2] H. Emori and H. Tajima, arXiv:2309.14172 (2023).

[3] S. Nakajima and H. Tajima, arXiv:2405.15291 (2024).
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AR BT (REBARAEARZERITEHATER)
Fine-Grained Uncertainty Relations for Quantum Testers

The uncertainty principle is one of the features of quantum theory. Fine-grained uncertainty relations (FGURs) are
a contemporary interpretation of this principle. Each FGUR is derived from a scenario where multiple measurements
of a quantum state are stochastically performed. While state measurements are fundamental, measuring quantum
processes, namely, completely positive and trace preserving maps, is also crucial both theoretically and practically.
These measurements are mathematically characterized by quantum testers. In this study, we develop FGURs in
terms of quantum testers. Because state preparation is a type of quantum process, our framework encompasses the
conventional case as a special instance. The generalized FGURs’ bounds are typically challenging to compute. Thus,
we also provide estimates for these bounds. Specifically, we explore quantum testers involving maximally entangled

states in detail. Consequently, some FGURs for quantum testers are derived as explicit forms for specific settings.

https://arxiv.org/abs/2409.08542
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T B (ZHIRAT)
ETRECEREICES < FREMBHROBEL—RIL

BRI, (B EBERRE OEBOYHEENFERICHEEN ZEZRO ZENTERVE WS HELH D, TR
MEMFEEYE LTHSOATWS. BT HFOMBIIE VTS TEEREEZ R LTw» 2 NSRRI Z ERINICRI L
b OBAHEERRTH D, ZHEYWHEEMORHEED ML — P4 7 2R3 A%E e LTREIN D, FHEEMERERDE
%, 1927 41 Heisenberg H34EME U 7 FEAR 2 ANHEEMEFRE [1] IS8z FE L, & 51T 1929 4£1Z Robertson IZFE D =D
DRI 2 AHEEMBIMRZMEZ L 72 [2, 3. ZAUTHEZ Schrodinger & 1930 4£1Z Robertson OBIfRD X 572 2 —fik
fbe UTHDBUEZ &0 X D — R THEEEBEFRZEAL, YHEMOLDHMEZSUHEEZRICANDS Z L THRZINE
L7z [4]. RBF%E [5] TIX, Robertson #1725 NZ Schrodinger RO RHEEMRRE, R AREBOEGMHIKTFE L2214 b
BIfRE LT—Mbd 2. 2HIEICHE LT, Arthurs-Goodman [6], /NEDOAHEEMRIR [7) O—MLz2 & T 5.

[1] W. Heisenberg, Z. Phys. 43, 172-198 (1927).

[2] E. H. Kennard, Z. Phys. 44, 326 (1927).

[3] H. P. Robertson, Phys. Rev. 34, 163 (1929).

[4] E. Schrodinger, Proc. Prussian Acad. Sci. Phys. Math. Sect. XIX, 293 (1930) .

[5] H. Yamashita, A. Mayumi, G. Kimura (in preparation).

[6] E. Arthurs, M. Goodman, Phys. Rev. Lett. 60, 2447-2449 (1988).

[7] M. Ozawa, Phys. Rev. A 67, 042105 (2003); M. Ozawa, Phys Lett A 320, 367-374 (2004).
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R A B —33FR /Poster presentations

1 Michele Dall’Arno (Toyohashi University of Technology)
The classical symulation cost of general probabilistic theories

General probabilistic theories (GPTs) represent a generalization of quantum theory in which the positive semi-
definiteness of the operators is replaced with different constraints. Such constraints affect the set of input-output
probability distributions that any given GPT can generate, and the smallest dimension of a classical system capable
of reproducing all such distributions is called the signaling dimension, or the classical simulation cost, of the GPT.
Already a decade ago, Frenkel and Weiner proved in a groundbreaking result that the signaling dimension of quantum
theory equals its Hilbert space dimension; however, very little has been found ever since for more general GPTs. Here,
we tighten known bounds on the signaling dimension of any given GPT, and we show that our bounds completely
characterize, in closed-form, the signaling dimension of any GPT whose operators live in a two-dimensional linear
space (that is the case, for instance, for all polygonal GPTs, as well as for the real qubit), thus settling the problem in
that case. We provide an algorithm that, in a finite number of steps, exactly computes the signaling dimension of any

given polytopic GPTs, and we apply it to classify several rational politopic GPTs based on their signaling dimension.
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2 & HhE (KIRKE)
TE-PAI: Exact Time Evolution by Sampling Random Circuits

We introduce TE-PAI, which simulates time evolution exactly by sampling random quantum circuits for estimating
observable expectation values at the cost of an increased circuit repetition. The approach builds on the Probabilistic
Angle Interpolation (PAT) technique and we prove that it simulates time evolution without discretisation or algorithmic
error while achieving optimally shallow circuit depths that saturate the Lieb Robinson bound. Another significant
advantage of TE-PAIT is that it only requires executing random circuits that consist of Pauli rotation gates of only
two kinds of rotation angles pmDelta and pi, along with measurements. While TE-PAT is highly beneficial for NISQ
devices, we additionally develop an optimised early fault-tolerant implementation using catalyst circuits and repeat-
until-success teleportation, concluding that the approach requires orders of magnitude fewer T-states than conventional
techniques. We estimate 3times10° T states are sufficient for the fault-tolerant simulation of a 100 qubit Heisenberg
spin Hamiltonian. Furthermore, TE-PAI allows for a configurable trade-off between circuit depth and measurement
overhead by adjusting the rotation angle Delta. We expect that the approach will be a major enabler in the late
NISQ and early fault-tolerant periods as it can compensate circuit-depth and qubit-number limitations through an

increased circuit repetition.
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3 BEA Mt (WMNAEARZRIBEZMNIERZENEFFHYIBERARE)
qutrit Z BWEXSRBEFA v b —2EE

779 7 R— VOB THIONS X512, B HMRIIERICEDo TWa ZeAHISN TS, ORI
NFTRARZRBEDL OMFEIN TV EH, RFFETIE, H - REOR TS HEERT 2 3 A OETRE WA
R TEER (RQD & FANFZOMMEBIRD LIF%EZITS. 22T RQL & FANFZORMAERNMIEDO e LT,
B4y b—BEBEOY A Z L 2EBL T, UDW MHEBRLHD - 2RZEOEFIH» HHEHEWMD T 720 D5MH (Positive
Work Condition:PWC) IZEH T 3. AT TIIVIND 2 ¥ RO UDW BtidazE AW I TE /-0, 3
%% HVi#mE RQLOZH TIXRZFE LRV, 22T, AR TIHERDOMD - FZEICB VT, 34O UDW 4
DLy b—H A 7AW D T HFEOFRMAZEL L, 2RI RONLr o MEZHR T 5.
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4 Lk K (FUMKZ)
AREEMEEERICE I 3BF S oY anyhiER

R TFROPLIREO—2, B OMBEERIC X 28RN LIRS WTH S, Ihrkiddd 2 EHimo—or L
T, EFHANREFrRe L. ZOWDZROETFTHANIRE 72 52 2RE E HEEH T % Caldeira-Leggett €7 VA 5
NTWw3 1], ZOETFTALTIE. ROKEFEEZGTART 28T 7 Y 23077 X (Quantum Langevin Equation, QLE)
ZHEICIR C e DAEETH D, IEFH R A F I 7 2P~ a 7BEOMBKICERTH %, —iRIZ. QLE 2 ICiE<
72DI2id. ROERE L EEFERHE L T0w5 R ET 5,

— /T, FERICRTF T 288 %F2 QLE OB onTE D ZOERE R UTIEMEITROEH DM 8 CTHETH
52 enFETFoND, 20D, —RINZRBEFERE S 22> QLE ORI S 2MTE LTWwiRwn,

AFRTIE. ZOFEIHUT 2720, 2] TERFRX—AEACHCLNFEEZHEA L. N Ho7v 2B
HEEADIZ W TRBKRFES S 2 BT 5, ZOFEC KD —BRNREBKERSGZH2 QLE O zis e s
TE, ZOE. TALBEEIINEEFERTH 2 12HL6 T, BEDOIE~ LV THRREZIRZA 2 LA TE S, THI
Z DAL IR IRIERE & 2 R DM i H3, BRI e OMBEAEH O XAEIC—E & WV 5 @RO R THEICHE T 52 QLE Off
EYOREHBETETVIDOPICOVWTHAEL, Y HIZOWTHRGET 5,

[1] A. O. Caldeira and A. J. Leggett, ” Influence of Dissipation on Quantum Tunneling in Macroscopic Systems” , Phys. Rev.
Lett. 46, 211 (1981)

[2] J. P-Gémez, E. M-Martinez, “Nonperturbative method for particle detectors with continuous interaction” Phys. Rev. D

109, 045014(2024)

25



5 &8 BHIL (RRAF)
BFR R EL X R & Wigner-Araki-Yanase FEI2

Wigner-Araki-Yanase(WAY) EHIE, BHHEAIE B W TRERMIFET 255, RIFR L IEAHRL YR 2 EiECHIE
THIERIAARETH 2 L TRT b, RFEITERL=2 ) —NECEMTH D, & 512 WAY EHIFBERIN R 2 =%
V= REDHEITS — AL TE S, Liedo T, WAY @B, MEET AN =K UNFMEZ DL & EREI AU
EICHRESN DI ZRLTVWEEERX S, UL, RERKENIHED X 5 723E2 =% U WEIC B W TRBROHIRA H 2 2
FHIATIE RV, RFELRTIE. WAY EBOIEL =& U SIMENOHRERDOATREMEIC O W THER T 5. 1T, WAY @B DR
TR DS A FME TIEBOZ LW 2 & ke, HIEDMERDMIZT TR, HEBEREZZER L 75E. Rt SRR
MRS 2 H 2 HOHIKINFET 5 2 L Z2RT,
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6 LuA BEF (REKF)

A HEF 4 AN P, BRE ©
REAFE A, ZHIK P RBREC

EF =R L 8 FEERFRNDOLHA

BFERARICE T 2 B IR O BEEEHIE X2 < OJSH TEHERZE 2 R 50, iEROFIRIZT > X ¥ 7 VKRR
FIREADOHISTITREDIR E T Wz, B4, 2 DOREICHIG LIS 287 2 B FIREEHIE SRR S M .
SCHR [1] T, AERE T =AanHEEE (M-QTD) 28X TEAS N !

QTD™(p, 7) = M%l(a))\{/M TD(PM(p)7 QM(U))

ZZT M FEFRToAfEREFHIE (POVM: Positive Operator-Valued Measure) T®H Y, Py(p) BX T Qu(o) 1,

ENZTNRBFRE p & o TXHT2 M OUETHONLMERIMTH L. £/, TD I3EHM=MHIEHETH D, R0
P QQizrtxXthizohns :

Z |pz z

~ pita

HEHFANEZ 21, M-QTD 3R FHIBOBR & KM 35 b L — 2B 2] LBIRT 3 2 L avREhTWS (1. —H,
IRy IARERREREE WS HECHVTHRTREORIMEE ERIET 2 b 0 ¥ BT = 2 7= M M3 B
(QTD) 5 [3] LBV TARTEA Xz

1
QTD(p,0) = iTr[(p —o)p+0o) V2 p—0o)p+ 0)71/2].
51T, 'R Csiszar BEBEICHE D FEA XN 2 &7 =M (C-QTD) 28 4] KB\ TXRXTHEAINTL !
QTD(p,0) := 1 - F(p,0). (1)

22T, F(p,0) & fidelity F(p,0) = [Tr\/\/po/p] CTH3.
ARFELTE, 2hs 3 20RF=MAEMIERM M-QTD, QTD, C-QTD offFEicownTihis & Hic. ook
DWTHRTLITETH 5.

[1] C. Ho, S. Ishizaka, G. Kimura (2022) (Zifi TR E2E R 2021 FE); K. Saito, S. Ishizaka, G. Kimura (2021) (ZHT3¥
KRG 2020 ).

[2] S. Ishizaka, Phys. Rev. A 95, 022108 (2017).

[3] Y. Liu, arXiv:2303.01952 (2023).

[4] D. G. Bussandri, T. M. Osdn, Entropy 25, 912 (2023).
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7 R EE (KRAF)
FrEtERIER L BT EEOBRREICOVT

higEE 4, EBEBR 5, AN P
BRAAEL A ZHI A RIE B

BFHONZY Bell PMEXZWAHEE TEHEEZMHES RATEER KXo THHTIIL 3TERVWEEZLNT
W3 (1. FEEE, MEMNIEB X RS GEIRMSZ M+ TSI 2675 5 o w 2 RN - 2802 Bell A% X
Ziifed 2 CIZECAHNCEIAT E 5. 2070, EEMHZVERICK DDA L, HEMML2 TBRHESOFE) tEAN
X, LofiEmprEriL 5. L L, AEMIIHE BHESORBRIIAREETIZR S, 3L LEOMmAPELVWEIEE W Y]
kv, 72, Bell HHE TEFKRE 25ERL L Bell EHOMRERZLTED, Bell CEHOBRORERZDE
%@%fb%%%t&ofmébwfﬁ&m

Z TTAMFETIE, MEHHRRHEEROMR 2] IR0 %, FEdoMEZ & Bell EH2HE S 2. MEHRIRRHERIE, %
W, B, BEFDS @?’C(ﬁ%kﬁﬁnéﬂf%b IR EFYH ZAOICHABITOA TV S, HEtREHER 2 1,
a7 HBE D S 75 7 RTER LRREEZR 220550 TH 5. HEMCITHERRL 77 7HEROAOEE = FIH
L, MEDEELE IT5HEMTHS. HEHRE Bell EEOBBRMEICEL T Wood 51k 2% H D, BT K R
HeFm O IRER R A AL S, B FHBEZBURORIRMEROHHHATIEHATERVE S i TW5 [3]. AFELTIE,
B THBOKGHERIC X 2 02175 2 & T, HHESZH S RATE D EF ORI OV TEHR L 5.

[1] J. S. Bell, On the Einstein-Podolsky-Rosen Pradox. Physics. 1, 195 (1964).
[2] J. Pearl, Causality: Models, Reasoning and Inference. Cambridge University Press, 2nd ed. (2009).

[3] C. J. Wood and R. .W. Spekkens, The lesson of causal discovery algorithms for quantum correlations: Causal explanations

of Bell-inequality violaitons require fine-tuning New J. Phys. 17, 033002 (2015).
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8 5H 1L (ZHIEKE EFBHRI AT LHARE)
No-Signaling & ZERE L IEMANILAREFERICOWVT

ZHEIRKY
$E L AN T

BTNYOHGTIE, WEICX-oTHEONLEDEME, ZOEZRIMEROANEGZ S hd. ZHUTH LT Einstein
&, FERRYEEEHIRERITH D, REBICET 2 0k HEI RV DERNZIREBVE L TVE KSR TY
3, YFRLZ. LEdoT, RADBHTE TOARWVIREEICET 2 RAMDOZEE (LI, BhZZHEER) 28550, 0
ZROMERERT 2 TRTHAIERT 2 e E 2 7. 2L, Bell XN 2280 TEAME) GREFHIC BRI
T5EME PR T 281K & TRPEMNZIME) QUEREHOE IR BN EBIHITH 2 L T5HIK) 2R LH505F
FifEi =280 L, 8 EOMBEA 2 TREAREFERX (NLoRER) 2EHLE [1]. X512, BT HEPEAN
THOMHEAN ZDOAREREMZZ R VI H R L. ZO—HORRIEINLOEH LT A, Einstein 23 %5 L7zFEH
P EBEERIIFELR W 2 RSN,

HPEMSIHEE (BEHESOFERHEET 2 2 T) MBAIREE NS Z 20D, RIVOEHIZE W TIEIAREN K
ED—DTHd I Zibikd 2 I L 3HEETHS. FFE, Wl @HIMHELH S RWREARNLZBIERTIE, NLORER
DWOENZ I ERTILE ABICTES. 20X RERELS 2010 4 Hall 1%, HIEIMME RO LLT IR L H
WTERLL, 502 RAMENLZEBEGRCBWT, ~LIERFTHEHE (NVOREREZM 2 X 5 RMHEE) & HIEIRMME
OEFREENE LR [2]. —7, 2023 £, L&, Hall BV ZHEIHNIEORIZIC X, BhRZHOEA 2RI
Lo THEELL, REDH5W 2FEAFENEZHHERICBNT, ~VIERFTEME Y SRz ERL Lz [3]. Lo,
ZOEHTIRAMEO—ETH % [No-Signaling 5 (UEERVPHEFORNEEEZE X 5 2 L 221ET 21%) 237
STV ot.

AWFZE T4 1%, No-Signaling ZefF %7z 3 RFTFRAN /- ZEMEMC B %, HEIFMIME L ENEOIRZ Wi B U
Bz ZOME, TG 2023 FICERML LD D YIdERZ I 2R L. FHC—HMOBIETIE, HIEIEMm
SEMEDSEIN S 21X HBARER ~OLIERFTHBEDNE < 725 &0 5 IEE A D BRI O BIRE FER L 72,

[1] J. S. Bell, Physics 1, 195 (1964).
[2] M. J. Hall, Phys. Rev. A. 184, 022102 (2011).

[3] G. Kimura, Y. Susuki, and K. Morisue, Phys. Rev. A. 108, 022214 (2023)
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9 B BE (RRKF KFEREFRIAER)
EFREDIIIFI T DHEEE

BTIREEERETHTR LU &, ZORBEDDBD 2008 5 0 bh % & IGRILE ERRIGEDSH %, FHCRERT T
XZHMEE - BFA a0 TR BB DBEWIGEOAEZ 2 HEEFEIER SN (1), BoLEBRINC HMEEE
TW3,

AWFETIE I DEITHEDL SRR ZZEZ. BT ZRBFHEDONR L UTHlko TALW, BETIDEENTDOKRE
YUY —2ZMERIZEIOWTERLLE 422 F VT 41 E0IOIBERHZ, TR XY heak—L Y REEL &
I, AXTF VT4 ZERLZZHESRE SN, BERMELR X2 ERMNT DIRARONTER [2], FHEIE RFIRE
DAIF VT 4 EEHET 2720 0fEZE FHEHRCOVCTHRICEEZ T2, 2T REoMPLRIhcLs4~
TFVT 4 MEOHNEZRZAZETARE R, RN RBREIC K > THEEDHEZFHES 2, Z OHEEREOREIZ.
—ITRBBIEZRITED R T X R E > TET 2D L, 4P F VU T4 HEE—OOFEE R TEBICGEE RVwE v
e THd, AXIFV T4 HEDHELZTZED HTDIZ, ZRITNT AR TXNTHIET 2 DE3HENEVL S5 1B bh
%, GHEEA=YF VT4 DNy brE— [3]| DEHEHEDLDICETFEL I NI X MY v ZHEE [4] OMERE D, Fil
HIE DM Z T o72e 4 <P F VT 4 DN TY b u ¥ —%2E0REDBBOREIEEHE—ICRE ST, DA
HERD 2 2R, 25 M -

[1] J. Miyazaki & K. Matsumoto, Quantum 6, 665 (2022).

[2] A. Hickey & G. Gour, J. Phys. A: Math. Theor. 51, 414009 (2018). K.-D. Wu, et. al., Phys. Rev. Lett. 126, 090401
(2021). K.-D. W, et. al., Phys. Rev. A 103, 032401 (2021).

[3] S. Xue, et al., Quantum Inf Process 20, 383 (2021).

[4] M. Tsang, et. al., Phys. Rev. X 10, 031023 (2020).
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10 3K R (RENZFAFEFRIEFR)
A RAERRE A L BT REHE L BT EEADOGA

AR RIE AR & X, FRE DS 7 SRE D S e RO BRI LT, YRR (EZEH T 5 2 & T, iR
FNCTTDRFIREAN AR B 28R Z2HE T, WEZEL TUtoRBFRECHET 2 FREMETE L6, ZORHR
AEBREZE DB LEHN T 2 28T, RAIOBFIREZ EDORETHEE T2 Z L2 AREE K %,

CDREEDRTITENERE L5 E, M2 ERRE R FEEANDOICH IS 5, fl 21, Alice & Bob 28>
RN LEEFREZHA L TV 25E, Bob BEFOHROETFIREICOWT, H2BEEDHEREAUFTTE 570, Alice
BHIEFEZBEYNGERT 2 22T, BETRBRVWBOD, Bob IZLALBERITI ZeHARETHIEEZONS, L
DLEDBS, ZOREFERDTH D, RADBFIREZ SFREETHIE T 27201213, BRSO TR L2720, AF
FIFEANZBETERE L TOEMEZF 700,

AWFETIE, ZORMEHLT 2 720, BHIREOHEEHE BRIV S Do, RIE R —E DR EZ 8 X 725417 D A
ZEHT 5 2T AERROMAHITHEMB L. Alice BEZIT o e B %2 T ICHERBETH 2 I 2R T, &K
FHRICE D, ALERHEEE 2 M LB FIERISEOR Ltz k2 Lt 2B T 5,
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11 4544 /& (ZHIEKE)

EFEY FRE—MBERFICH 1T ZREFANERTREM DHITE » Detection of measurement incompatibility
in Qubit and General Probabilistic Theories

ZHEIAY R BRAARL A BRK QIQB®
HAEE, B, PEEE Y SRR S, Af

AR, WIRFAERRTRENE 2 & BANCFET 3 2 DB A TDOR TV 3 [1]. FIRHIE R ATREN: % E B INCFHE 3 2 A iEIE
K& 72b DB %753, Heinosaari &3 & FIREEZHIR U 7556 O RIRHHIE ATRENE 2 & EAVFHlOEIE e LT, [RIRHHIEARA]
REMEIE (Incompatibility Dimension, M# ID) %#42R L7z [2]. FFRIERATREZR POVM D#f (A, B) 12335 % ID 13X
DESCERSIND !

X(4,B) := gnicl}g{dim affSy + 1|A, B : Sy — [FIRFHIEAATRE}.
0

T 2T SIHIRFEZER], affSo X Sy D7 7 4 Y EERT. T, So-FIFHEARATRE L 1%, IREEZEMZ Sy C S ICHIB LT
T (A, B) OFIFHENRAIRETH 2 2 L 2 BWK T 5. ZOEIEIE, FIRHERTEEMEOHEICHE R IRE D 2 KB §
ZERERHL, v(A B) OEBPKEWVZY, IDZL ORETHRKIENITREL 22 Z v 2E KT 5. Z LT Heinossari 5
X, (A,B) 2 LT/ A RX%ME LYY XY BIEEEZ 2B, ID OEIZ(T 2MHEOFEEZRLZ. LAL, ZOM
EO BRI ZREITRIZ KD ST,

AWZETIE, ZOBEOERNRERIRET 2 I 2HMNE T5. A E THIR U /2IKEEZ2M Sy 2B 2 RIREEIE AT
HE - NATREDHIE M IEEMEFHEEICIRERRETH B2 Z e 2R L, HETZ LI XL BMER L. ZOMRE D I,
& IRME D BRI 22l % — ST NI E L 7z

— AR, —MREERGERIC I VT S Y E O FIRFHIE R AT e 2 8 R NS FHMl 3 2 B 2eaiED s Tw 3 [3,4]. AW%E
T, ZHLHDOWFEERIEICERTRICBIT S ID & —RHERMICIERT 2. BRI, ZUCIE N AIREEZER S x5
LT, T4 X%ME LMEMIREIE] 28132 1D oIR8V EMFITL, ID P2 T2RMEEZENT 2. 2721, 7%
RREFEHIENEETH 2 720, BEETIIEERTNZE#Em O 35, 22T, [ 4 X5 LM HIE)
EN =0 DR TETFEY FRIEBIZ /A XEME LY VHEICHIET 2. £, KREZEMIE N — 0o O RTHE
Hilbert ZZHOE Ty PR R 2. ZOMLEEHT 2 22T, REZEMSHER (N =3) 20BTFEY bR (N = )
ABATT 2EFET, ID ORIES YD X S ICE(LT 200 EHLICT 3.

[1] S. Designolle, M. Farkas, and J. Kaniewski, New J. Phys. 21, 113053 (2019).

[2] T. Heinosaari, T. Miyadera, and R. Takakura, Phys. Rev. A. 104, 032228 (2021).
[3] N. Stevens and P. Busch, Phys. Rev. A. 89, 022123 (2014).
]

[4] A. Jencova and M. Plavala, Phys. Rev. A. 96, 022113 (2017).
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12 EA B (AIRAY BFES- BFEAMRE %)
Multi-object operational tasks for measurement incompatibility

We introduce multi-object operational tasks for measurement incompatibility in the form of multi-object quantum
subchannel discrimination and exclusion games with prior information, where a player can simultaneously harness
the resources contained within both a quantum state and a set of measurements. We show that any fully or partially
resourceful pair of objects is useful for a suitably chosen multi-object subchannel discrimination and exclusion game
with prior information. The advantage provided by a fully or partially resourceful object against all possible fully
free objects in such a game can be quantified in a multiplicative manner by the resource quantifiers of generalised
robustness and weight of resource for discrimination and exclusion games, respectively. These results hold for arbitrary
properties of quantum states as well as for arbitrary properties of sets of measurements closed under classical pre
and post-processing and, consequently, include measurement incompatibility as a particular case. We furthermore
show that these results are not exclusive to quantum theory, but that can also be extended to the realm of general

probabilistic theories.

arXiv:2412.15615

33



13 Hi# Liw (Department of Mechanical Engineering, Hosei Univ.)

Restoring Security by Fresh Key Distribution in YO0/QNRC Quantum Cryptography

EETEIX v E—I2FTTIALN TV RS (BEEIECORE) 0 b 2 TiE, Y00 / QNRC & FIEE o@Ei o eid
R OB L & DIE T T3 [1-6]. L2 LELEEHE X vE—2DRODICKEET, 258, BEEXREZHVWS Z 21
TERV. ZOEEIBEEZHLOHERE LTES 2 TREFEE 0 baroRefz2EETE % 5-7. —HT, &F
HETATT b AL OREMENEET 2 DIEERINZEPTIRRV 5. ARETIROSEHRTS.

[1] K. Imafuku, (2024), https://arxiv.
[2] T. Iwakoshi, (2018), http://dx.doi.
[3] T. Iwakoshi, (2020), http://dx.doi
[4] T. Iwakoshi, (2021), http://dx.doi
[5] T. Iwakoshi, (2023), http://dx.doi
[6] T (2024)

(71T (2019)

org/abs/2412.07300
org/10.1117/1.0E.57.12.126103

.org/10.1109/ACCESS.2020.2969455
.org/10.1109/ACCESS.2021.3056494
.org/10.1049/qtc2.12064

. Iwakoshi, (2024), https://www.researchgate.net/publication/386425167

. Iwakoshi, (2019) https://www.researchgate.net/publication/330506279
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14 FR)I| HtE (FEER)
RAREE 1/fE5F  Infrared Divergence and 1/f Fluctuations

ARJIHERE (BALAARR2E T, S RIRADET 351-0198, HAR) HEHE (REEERZHLEHE, stfmbX FE AL
603-8555, HA)

BRENZREFRFEOETH 2 1 FEOFPIIEIERARRTELBHEINET. ZOELEIE, 2OV —-ART b
EEPEEBOWEBICHHT 2 2 W FRHEIC K> TERINET. ZOXIRIES XX, 2T AL RPYEKICEIT 2
BRCHEFCHN, ZoRFEE FHEREERECODEENIRD LN TELEELFETT.

AWZETIE, ZhoofEs & TFENIY (QED) 1B 2 /M5 (IRD) & BEM I THREI L L. SITFINTD
THFEBIL =KD T 4 Ik o THE SN E T, POLTFHEHERIIRAR L UTHMEZRELET. FALbiX, ZoRN3E
MAFGEMFMEAT O =2 ) —H0» o0 L, ZAUIME ORNRBBRE ZHOHMNR S Y X L5885 2 2R L
¥l ZOFRICKD, BECHHEATVEZRETLY - MEGwREZR2CHEBTEET. ZoHLVWEXTE, ETFox4
FITREXET AL 2L IV H— - TV anVIERTEHT 2 AETHD, I 7 REF I RELREWVWLSLT
b RIFHEMHE 2O~ 7 a0 kiEo T OMOME L ZEB L % L .

FERD X 512, BFOFHBITESE S FHEAIC LA R WERETIE, 7004 XOBRy LT %
T A BIE, RS K 2 7 VX LGORE T TOWRKRXA F IV AR T 2HLVET AVRRELE L [1]. BE
YIalb—=yayiZkh, EROYEZ DD DT 1/ FEDRN—TFT, ZOIRIEDO ZF, FThOLERIIAMIC 1/f 1
LERRTIEHHLPICRD E L. ZOEELRERIE, RIELHAD /1O TOFAITBW TR THREZEH L T»
£7.

T, TUHDRERIE, /(0 D EBROERBE THHR» AT 2 L VR 2] Ic—B LTV d. HERZL
12, 05 OFES EXEGH, MELE, X4 IV ORI L VoA RETH T X2 MU THRHET 222Nl
FL7z. ZOXIRMAMNE, 1/ffEoED (BREFICLT EVRCHDIELFETZ 2 RTHOTH Y, ZoHE!E
ERFALTVET.

FED, FES FAROBMEIZEER T, REAFFEE, BERPALERICE D RE AL M EMZRG L TRt~ >
OREEMERES e EBHELLET. HlXIZ, a) 14 > 7L — a YFEHICBT 2 BUO RN FEHAERE DS, SRR
WEER HZ ARZ MLVOBRICHZREEN DD ET. £/, b) ALEETROBTHIIKELL R4 AL THEZER
%z, QED OWOLTFRILEEE, W FEREAREICLEST. ChyEMEAOBERES 2, HIES T v b IEo
RN 2G| ZRILET. ZOREMBEIET, 1HOEFRORAC Y 2HET L0 TE, BRTFHEDYHET L E
D ET.

[1] M. Morikawa, and A. Nakamichi, IEEE International Conference on Advances in Electrical, Electronics and Computational
Intelligence (ICAEECIT 2023) 2023.

[2] M. Morikawa, A. Nakamichi, Scientific Reports 13, 8364, 2023.
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15 IUF FBEFE (BNERKTE)
ZHETHLBFRRLIIAH : Bayes WHEHSEZHET

B DFADIHFD FEIIRED X 5 R BEFHRFEE LI DL L AL B O0F 5 L EINNREER DA, EHE, Rkl
[ CHRARHIAIER (FFD 1 =2 ) RBGREL B L) AN TELZ S ITRVODT, ZI 2BV TEMREZNREDOIRED &
WMH2Zild 5, KEOREKLTE, BFHLEWS BRI LETFHREZERXEL X5 e LTWe, FHIZZOHERDIEN,
R OHIKI D720, SGEOFERTIIERFITEAAZVN, FMlIEXE SR

https://www.agu.ac. jp/~yamasita/paper/Bayes-v2.pdf

RPMEREIIZDZHMAN? TRE o ITBWT -+ - THLMREp TH2) ODEXIBREFVANRINZDED
5, BFHEREVOBMREIEFREL WO BRWRELZ S TH S, TIEETFIKELIEM2? Cassinelli and Lahti [2015]
(Found. Phys. 46(10):1341-1373; arXiv:1508.03709) X Z 5 #HI L TW % © “States are understood as equivalence classes
of preparations of a physical system..” ZHHEKZE > YRFHHETH 2, LirL, ZOEMERBRREZERS 2 DICHFIIMHE
RSOV EZTHAH, FoTELKDICRZ LEDLNS,

BFNFOREMCE T 5 ZOWAMNE 2 KD IC X 2SN RLESH, BIGRICET 2 AXFRO—D2DERNTHS 5,
WoZDZk, REMRICERETICETFIFEzIATENR, MEPRRT 2 T TEEDRWILTY, 2L b
FCBEAENTIIED, 22T, ZAZEELTAII LWV ESHDORERTH S, £ 50V I BERTEINIZEENE
FATHIED DD o TORWDED, BEINTIIBERT 2 A2 HDH D, RIHECERRZI L2055 8 LTWa D
TiERW, Cf RO, FES RN FL—RWI5MENH 5, SHOERTE C* REBKEZEAVERY
B, C* B Lo b L —RBlZEE 2 v, 2iud CF R LTI, SHERHIIE (yes-no BHIE) oRh oA S h
5HHE G hTERSIN D,

3R TBayes B 2 HHET 2 [ HRIZOVWTOHEHRB R GEZ ATV RVWE WS TR 1%, ARIOTE AR
NV MZETIREETH p=1/Tr 1 THEZ N5, HRAITTTIIHETITIER PL—XTEREINS, KHHEICE ZT,
B2 FT LU THROEWRMMT SN D7 TIREE) Ao Tn <, SIREBNGHHOE S | NREE) kU, =
Bid TIRRE) 22 b DIZERSINT, RO ZMHRNE Plele) ZUIMERIND, TORMDZHERMNER, i § kT
ERSIND, XDIEHICES &, § OMifll4 77V T ZiED, MO EHERMEZ P: G x (Z\{0}) — [0,1] 72 5B%kE L
TEHRT %,
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16 Kenzo Ishikawa (t;EEKE)
RT 22 v L TOESIKREDIEER M /Non-orthogonality of continuum states in potential problem

KTV NV PEBIT 280525 230X —0 2 KB, EFRETIRIFERTH 5, JFELMEE s TV, DT
T, BEAEREINTI AP ok, AHEHTIE, EERE R ITHBERETD 2 JORERBH 2V, JFER DR
. YRR DBBMERO A Z R, FoNAER, FICHEROHMMEIRX, BFH¥OFEMPEEVCHRICERS 5,
REI2SFFEIE. SRS DICHIZOWT B EICHT %,

*QOverlap integral of continuum stationary states, Kenzo Ishikawa and Yuya Nishio, Annals of Physics 469 (2024) 169750
* Potential scatterings in the L? space:(2) Rigorous scattering probability of wave packets, Kenzo Ishikawa, Annals of Physics
460 (2024) 160571

*BEOELD, 11, A= (E#FERE) 2020
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17 WIR f2X (BKET)
BREEAROBFEEY 1 7 ILICH T 328N

BB R TROR T HNARE ERT 2 R FABREOREARAITDNT Vo, HTY, RTERICLI=X Y — i
fERMA S 2 L TIRD XN 2 HRORADE » LBRINTED, HHEWMD T 2 LA TR [ZHINE) BFR
REABEBIREE DM b FET 2 2 b % [1,2), SHNTRVRTRECH 2 RTHR2» WD T 2 £ 2T & 3 RAHS [3]
BEBHIBATNS. #EL, SATHROSRSHEOMD HUICET 2B e Z M ANTE ST, S EERL 224
IROBSRIECIIET 2 RT3 4 2 L h SEUD H LA A ORI AR +9 £ I3 S Vi,

AW T, TR E DI IS R R & 4 2 BB R 1T 5 B T2V IR 3L, 4 2 LoD 98
W BT 5N B I E B AR O S A HIRIS A OB TR 4 2 B B EHOR D H LRI R BE S 3 =
LRBIS T 5. RTHRE (HHO) BIAC (AFC) —EREENS T 3L ¥ —0RMETV, Z0%, RTIROE
MEFEFIcL=g Y —HEEME THEOMD ML ERAS, MEOBRERERD RS RTAEEEE X 2. REANBEE
FEHERY 72 L — BRI GKLS AR T~ 2 X — R TR T 5. BRI OMIE R D8 L CHES 2 RTEHY 4 2
MTBNT, BTHRDSIMD H &2 R JUIEIC R D 755, AIRMREENO R TEHY A 2 L ThoTHEHERD
HEwz b 2RI N,

X512, WUEFFE ORI ENCARIES 3 720, BRSNS 0 OMIFICH 2 BEFEF 4 2 LR LT, HEEI
DI HRER IR T 51 30 b =7 VA H NS WA R E X THEREEMINC G2 2 AREEM L, ¥4 2 LOEYN
FoENE AR EEEMEEOMIA I L =7 VIS LTEBRRS RN b, TRbBHAFRID ks
LR MEICI L. AFIEORRIE, ¥4 2 L0 RED o REVE TR R EE L TRERE#R S h T & T2l o
Wz, HIREEE MORTEEY 4 2 L OB b IE LSS Z L 2 RET 250 B2 5N 3.

[1] W. Pusz and S. L. Woronowicz, Commun. Math. Phys. 58, 273 (1978).
[2] A. Lenard, J. Stat. Phys. 19, 575 (1978).

[3] A. E. Allahverdyan, R. Balian, and Th M. Nieuwenhuizen, Europhys. Lett. 67, 565 (2004).
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18 £V (REARFEERIMAIERR)

Characteristic oscillations in frequency-resolved heat dissipation of linear time-delayed Langevin systems
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19 IWRE (RERAFEERMAZR)
ARET T +— 2V ORE  WERAM L AEFRT 38T I+ —H—

We propose a model of quantum walkers interacting through a Kondo-like interaction. Our final goal is to propose
a model of quantum active matter by introducing interactions between quantum active particles [1].

In the present work, we first develop a description of quantum-walk dynamics in terms of scattering of a mass-
less Dirac particle due to periodically located non-magnetic impurity potentials with the Hamiltonian of the form
Hion—mag = €po” +m Y 6(x —na)o?, where € and m are positive parameters, a is the lattice constant, and ¢(z)
is Dirac’s delta function. We then add a magnetic impurity to the site x = 0 with the following Hamiltonian:
Hpnag = epo® @ 8° + Hy6(z) with Hy, = J,0° @ 57 + Jy0¥ ® s¥ + J,0% @ s*, where J,, J, and J, are real parameters
describing the coupling between the impurity and quantum walkers. The new degree of freedom, represented by a
set of Pauli matrices {s%,s¥,s*}, is a magnetic impurity localized at = 0, with s being the identity operator in
the same space. Each quantum walker is scattered by the spinful magnetic impurity, thus interacting with each other
indirectly, analogous to the Kondo model. We present numerical results for two particles in the cases with and without
the magnetic impurity and compare the cases of different interactions with the impurity spins.

We have looked at dynamics of two quantum walkers with an impurity spin at the origin, focusing on differences
between (a) a singlet state and (b) a direct product state as its initial state. We clearly observed a finite probability
around the center in the case of the singlet initial state, whereas we did not in the other case of the direct-product
initial state. This implies that in the second case, the walker at the origin is completely scattered away by the other
incoming walker, while the walker at the origin in the first case partly screens the magnetic impurity, and hence the
other walker cannot completely scatter it away. In the future, we aim to propose a multi-dimensional model using the
results of Ref. [2] and introduce a quantum active matter in two and three dimensions.

This work is under collaboration with N. Hatano (U. Tokyo), A. Nishino (Kanagawa U.), F. Nori (RIKEN and U.
Michigan) and H. Obuse (Hokkaido U. and U. Tokyo).

[1] M. Yamagishi, N. Hatano and H. Obuse, Sci. Rep. 14, 28648 (2024).
[2] M. Yamagishi, N. Hatano, K.-I. Imura and H. Obuse, Phys. Rev. A 107, 042206 (2023).
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20 Jingyi Gao (R AZF L ERMTERZEFR)
Three-level Quantum Absorption Refrigerator at Liouvillian Exceptional Points

Jingyi Gao
Department of Physics, the University of Tokyo,
5-1-5 Kashiwanoha, Kashiwa, Chiba 277-8574, Japan
and
Naomichi Hatano
Institute of Industrial Science, the University of Tokyo,
5-1-5 Kashiwanoha, Kashiwa, Chiba 277-8574, Japan

Quantum thermodynamics, especially quantum absorption refrigerators [1] and non-equilibrium quantum thermal
machines [2] are attracting much attention in recent years. In the present research, we focus on the non-equilibrium
process of a three-level quantum absorption refrigerator, comprising an internal three-level system with couplings
between the neighboring energy levels and three external heat baths with a common dissipation rate; see Fig. 1.

First, we analyze the eigenvalue distribution of the Liouvillian that governs the non-equilibrium dynamics of the
system and verify the existence of the second-order and the third-order exceptional points (LEPs). Then, we compare
damping of the system state and the heat current at the third-order LEPs and at other points. We thereby verify the
critical damping at the third-order LEPs in short- and long-term evolutions.

Second, we also analyze the influence of non-equilibrium process in the three-level quantum absorption refrigerator
by comparing the heat extraction from the cold bath among the systems in the steady state, in non-LEP states, and
in the third-order LEP states. By selecting proper parameters and the initial state, the non-equilibrium process can
improve the performance of the three-level quantum absorption refrigerator. In particular, the LEP-state can help

the system absorb much more heat from the cold bath compared to the non-LEP states.

~A_ AR Vil
I sV

1 Schematic view of the three-level absorption refrigerator.

[1] Segal, Dvira, Current fluctuations in quantum absorption refrigerators, Phys. Rev. E 97 (2018) 052145.
[2] Khandelwal, Shishir and Brunner, Nicolas and Haack, Geraldine, Signatures of Liouvillian Exceptional Points in a Quantum

Thermal Machine, PRX Quantum 2 (2021) 040346.
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BERETRICETZANBRICL ZEFRY / HR

Hayato Kinkawa'! and Naomichi Hatano?

Depertment of Physics, The University of Tokyo!,
Institute of Industrial Science, The University of Tokyo?

Many physicists agree that the exponential decay law describes well experimental results of decay of an excited
atom. However, more precise calculations reveal deviations from the exponential decay. For example, it is believed
that the survival probability p(t) of the excited state decays quadratically in short time, which causes the quantum
Zeno effect; rapidly repeated measurements suppress the decay [1].

We here propose a new type of quantum anti-Zeno effect, which we refer to as the intrinsic anti-Zeno effect. Rapidly
repeated measurements accelerate the decay, and the excited state immediately decays into the ground state in the limit
of continuous measurements. In our study, we consider a two-level system coupled to a D-dimensional environment
with its energy dispersion relation wy = |k|*. We find p(t) ~ 1 — ct>~P/" with a constant ¢ in short time and that the
quantum anti-Zeno effect occurs if 1 < D/n < 2. We obtain this result by handling the divergence through analytic
continuation.

The intrinsic anti-Zeno effect proposed here is physically different from the conventional anti-Zeno effect, which we
refer to as the extrinsic anti-Zeno effect (Table 1). The intrinsic one occurs because the decay rate dp/dt ~ t—(P/7=1)
diverges at t = 0. In the limit of continuous measurement, the survival probability immediately vanishes after ¢ = 0.
On the other hand, the extrinsic one is considered in systems with the quadratic short-time decay [2]. It happens
for a sufficiently long measurement interval for which the decay rate is greater than the exponential decay without

measurements. It reverts to the standard Zeno effect in the limit of continuous measurement.

# 1 Comparison of the extrinsic/intrinsic quantum anti-Zeno effect

extrinsic anti-Zeno intrinsic anti-Zeno

condition of the measurement interval sufficiently long short
decay rate at t =0 0 o0
continuous measurement limit Zeno anti-Zeno

[1] E. C. G Sudarshan and B. Misra, The Zeno’s paradox in quantum theory, J. Math. Phys 18 (1977) 756.
[2] A. Chaudhry, A general framework for the Quantum Zeno and anti-Zeno effects, Sci. Rep. 6 (2016) 29497.
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