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DESE, EFOERICNT 2ROl TVET. 20oERICE, BETFHEEREYYOREEN K LTEITFoNE
3. Bell MEXOWN R Y, [ECREBFEEZOFEBICHE s T0W b 0N, EF T L AR—T—2a v ORETHo %
h, BFIEEOREN, BFHEOHEER FLOBHL 742 Z LR Y, HRNREFERO RE LR
FIiTbh T d. HROZEBL L HIZ, BEFEMROMENDOBEN TN, ZLOEHEEDPEELFR > TETEAE
B OVWTERRTE A2 AFPTERENTEZDIEFERX LW TY. LarLl, BEEICBWTIE, EFEEROVIA
KPPRLTED, FICHEEDRBEICRERTZ 2BIMRPR0ONEIRTY. ZOMERIZ, £5 Lk=—X ik
FrDITHILENE L. ) [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.” [2]

[1] Quantum Foundations 2024 7 = 7% A I https://qgsys.se.shibaura-it.ac.jp/kimura/QFound/index.html (7 2
tR: 202443 H5H) Xhik#

[2] Excerpted from the website of Quantum Foundations 2024 https://qgsys.se.shibaura-it.ac.jp/kimura/QFound/
index_e.html (access: March 5, 2024)
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BH R (BITRILF—INERSFAEHEE)
FHTUEL BFEROFRISOWVT

FERPFTFETE A & OB F /¥ O BERMEIIIER., B X —ONTFREHAVTHEEE NS Z L 23% 05
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—hRFERR L B Fmail
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—MREI Y ERIEER T B 5, LA, IEVIFERIZL Hilbert 242 B L 5 2 B FamOWHERN L ARE Z AT 2 2 v
ERER BTN L, GPTs & W5 —BMRIG» 607 Tu—FOoFRENBAICRE SN TV S, REHTIX
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GPTs DB, SF LN TV AMEREROPHNT 5.
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B (WINAKZERZEFRIEFAZTFRYIIEFERFT)

IERREEDEFEF COMHNTATLESUICI=RY) —F v > RILICKT B Wigner-Araki-Yanase
T2

Wigner-Araki-Yanase(WAY) EH I3 & FHEHERICB I 2 HARNRERO—2>TH D, IMENAFIIO T TIER

DIRIFE  IEAHR S ERIE L RET 2 Z e A ARARETH 2 Z e 2 FRT 5. WAY EHIIMRERI & W 5 FARW )
HERIDV SRR B FHIEICH L CHIRZ 52 2 Z L 2R EHERMRTH 25, BHFEDO WAY EHDFERIZMRTE
BOERMERET 2, FRIEERLFERCOVTOMFORBETHHRERICEMOFEEEZENTED, EH)
BOMRFD &5 RYHINCEERFNCOWTHAT 2 2 e BN TERD - 2. A TIEEEEEI RIS 72, Yanase
ZM TR TOIFAFURGER ST 2 WAY EHOZFIIICOWTHENT 5. 2 2T, Yanase &t i3 70— 7R 0HlIE
POVM 2370 — 7 ROREFRELARTH 2 e 2 EFEITA2WETH . /2, 2=V —F v VFRILDFEEIIOV
THRKD WAY HOEHDFEHICOWTHHNT 5. ZAC X2 e RFAIFTHREINZ =X ) —F vy U 2L
Us IC& > TROMIFR Ls 3 UTLsU = Lg +vIs (Is ZHAMMERZE, v I3ER) O X5 8B vIs > 7
NS BATREMEDS D 203, v #£ 0 &R D152 DIFRDEERICTHD Lg DARY b BB X RAIIERS (I
HEBREHAR) ER2GHEICRD, 25 TRVWEEIE Ls & Us 3T 2. ZhSOROFHICBWTIE, RT7F
RICHET 2R BORBRIEAR L ZEHZRD DT ITHET 2HRZ2 1 "I X -k —2=2 1) —ff ltls 12
DVWTHEZRSZ L TIHFMEARDERBICE DD RHEEZ[ERE L, %7 Heisenberg #iRICBII 2B TFF v > 1L
(B2 unital completely positive map TR X 415 ) 1203 % FlEIH (multiplicative domain) Q&% Fwv
5. BTNFERICEBIT A0 LT, ZEPLERT N TEGEGHEIIE OFREDHAE ORI X o TR, EITMAAHIRIE
(HIBIEFZR o OFEEE 721 3EE) OHBIES X O PTBEI 2= % VU —#1E D(a) = exp(aa’ — aa) DEAD RV
FENRARETH B Z L EmRT.

Yui Kuramochi and Hiroyasu Tajima, Phys. Rev. Lett. 131, 210201
https://doi.org/10.1103/PhysRevLett.131.210201
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AT (FEFREAF)
Ob—L > MRREIC & 2 BFRR DI EOEINRE

ak—L Y MREEIZ, BTRERT TR, BFNEEROMGNERE Y LTALHLLRATWS, 2L DX
BRICBWT, ak—L ¥ MREZHAWEBEAZOZBIEZFIROBER TR T2 it Tnb, BRIICX, a2k—
L ¥ MREE o) ZRHWIZBAAERRO D

I= 71'71/|a) (o] d*a, (1)
rEEXIN, B 53R Tb0 L EREINDS,
<w@=w*/wmﬂwwfm @)

CDXITERT 2 LMEHRMEOR D ZEALLBZNTTOE WO HHLH 2725 55, £RLINRHEID 2 Lids
AR, ARITTOEHRIITIE L TEREZETRE TN RISEE 525, HRIGTTREENR LR LD
TH5, FBE FICREL T LHHEIRZERLBZNWZ R LS TVWEIERTTHS, TOWEIILEDLS &,
FHINRDEKK (2) 1363 LI RXROBINKOEXZ EHLL VWD TH %,

¢:f4/mﬂmwfm 3)

ZZTRANL P ZEMICEEZROEDNEIARY MGRERZBWEZ XE 20720, 20 X5 RBEIRA R ED
AL LA nhd Lhzwe Wbl Wb 25 Th 3,

AT PVEBIZBWTIE, B O RISEFREIMN S 2 S EHRE OB 574 D 155N 2T SRR HMRGE &
NTV3, ab—L Y MREIPSLELNZERAROBIFNEZ L IR LRV DD, BHFIEMT 2 IEMEAZLZ52 5%
DM B, FRRIZPEREZRLZ 572D TH %,

Bz, BICRIC X D IRFEE N 25 (3) BHBICHES b LARVWIZ 2 0b 5T, ZOiHE Rz Z e kv
WHRMBZDTH %, sty LTiE, Web EiZADH % Klauder Dz / — MIEEINEKET 3 Z e B TH
D, FERAAEAREN T WS DD, HEMEICMNIEINTWE =D, 2525 HiIZo»RW0whd LKWy, MET,
TERZRE 2 AE D E L . MO EZAT 2B TLEORBEL ER/ZD DD 20 LA,

ZOXOIBERHCLD, BICROZIFICOVTIEE > E D IVZIEHIBLVEEbN S, RERTIZ, ak—L Vb
IRBEIC X 2 AN D R D 5RIR M D A1 1) 72 3E B % R 3. Klauder D#FE /) — M X 2 HFEEHEB KO, 2 L A D
JEFEAEEFAIZ DWW T B IS5 3,

http://arxiv.org/abs/2402.08317
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FHER / Hayato Arai (B{LZAZRAT EF A Ea— 2LV 22— BIEEFR
RIBREBATRF—L)

REHRMEREICE D < EFROEH

B TMOBHEE TNV ERIENEZMFIC K> TREO 3 2 22X, BEFmOEROTICBWTEERMETH 3. I
FETI, —M%#EE (General Probabilistic Theories) OFAAT Z OREEI D RS HAEDPBRATH 3. L L,
BEF O —RFERGRZOIFED &, BRI REEDOE FEH (No-Go Theorem) RIEM X X7 DRFHHE, H 21X,
No-Cloning E# < Bell-CHSH 7~ T3, BENLRETFRTECHT Z N TERWZ EPH ATV 5.

— T, BIEOEIER X R DRFMERE X D S RIERZERDIH S TR K S REBEEN ZEE 2 WS 2 &
T, BELERTHRINIZ 2 TOET NS, BTMOETALFEREOT 2 TESHONTWS. LrL, i
FHDX 57, BIEHP X R 7 ORSERRIC X 2 B FiORHEO I IIRBROMETH 5.

AR TIX, FERENZIEREZ A7 TH2 2IREOBANEZ A2 ICEHL, ZORFMEREIC L - TR %2 —EINH
o 5. AMFTIE, MDD HERO FRICTEEL, —fRIERGHRDOET VMBI 2HLVWINREZE525. ZLT,

FL—R /v aEAVTRREN 2B FmICBIT 5 MR (Helstrom Bound) %, FESRMA FCBY 2 & FiwMNAD
LTOETANWS e EHL2ICL, ZOFEEZIGHL TR TFMORNEITEITS.

https://doi.org/10.48550/arXiv.2307.11271

12


https://doi.org/10.48550/arXiv.2307.11271

Michele Dall'Arno (Toyohashi University of Technology)
The signaling dimension and the no-hypersignaling principle

The signaling dimension of a given physical system quantifies the minimum dimension of a classical system
required to reproduce all input/output correlations of the given system. Thus, unlike other dimension measures -
such as the dimension of the linear space or the maximum number of (jointly or pairwise) perfectly discriminable
states - which examine the correlation space only along a single direction, the signaling dimension does not
depend on the arbitrary choice of a specific operational task. In this sense, the signaling dimension summarizes
the structure of the entire set of input/output correlations consistent with a given system in a single scalar
quantity. For quantum theory, it was recently proved by Frenkel and Weiner in a seminal result that the
signaling dimension coincides with the Hilbert space dimension.

We present analytical and algorithmic techniques to compute the signaling dimension for any given system
of any given generalized probabilistic theory. We prove that it suffices to consider extremal measurements
with ray-extremal effects, and we bound the number of elements of any such measurement in terms of the
linear dimension. For systems with a finite number of extremal effects, we recast the problem of characterizing
the extremal measurements with ray-extremal effects as the problem of deriving the vertex description of a
polytope given its face description, which can be conveniently solved by standard techniques. For each such
measurement, we recast the computation of the signaling dimension as a linear program, and we propose a
combinatorial branch and bound algorithm to reduce its size.

The signaling dimension is multiplicative under system composition in classical theory (by definition) as well
as quantum theory (by the aforementioned result by Frenkel and Weiner). We lift such a fact to the level of a
principle, that we refer to as the no-hypersignaling principle. Notice that, in contrast with other well known
principles - such as no-signaling or information causality - no-hypersignaling constraints time-like correlations,
as opposed to space-like ones, and is therefore able to rule out theories that would, for instance, not violate any
Bell test. Moreover, the no-hypersignaling principle inherits from the signaling dimension the aforementioned
property of being agnostic to any arbitrarily chosen task, that is, it probes the entire set of time-like correlations
that a system can achieve.

We apply our results on the signaling dimension to test a completely-positive composition of two square bits
(or squits) against the no-hypersignaling principle. In particular, the composition we consider does not include
any entangled state, and therefore its time-like correlations cannot violate any Bell test. Nevertheless we show
that, while the signaling dimension of a single squit is two, the signaling dimension of such a composition is five,
in violation of the multiplicative rule established by the no-hypersignaling principle. This shows that, in the
foundational program of reconstructing quantum theory based on the correlations that systems can generate,
it does not suffice to consider, as it is the case e.g. in Bell tests, space-like correlations, but it is also necessary

to constraint time-like correlations.

This presentation is based on: M. Dall’Arno, A. Tosini, and F. Buscemi, The signaling dimension in generalized prob-
abilistic theories, arXiv:2311.13103. M. Dall’Arno, The signaling dimension of physical systems, Quantum Views 6, 66
(2022). M. Dall’Arno, S. Brandsen, A. Tosini, F. Buscemi, and V. Vedral, No-hypersignaling principle, Phys. Rev. Lett.
119, 020401 (2017).

13



MR #X (FAET)
EBFRNFIEIBETATL 71— RNy HIEOHE

BHHICB T 2 HMOREDRE L 7 4 — PNy ZHll 2175 “Maxwell DERE” OBWKBI 5228 U TS %
2275700, BFROBIIZACBE T 2BTFHEZNEROKRENCSELATFESATWS. BFAIEE, BHIZHERE
¥R 20A45F, PHEEMEFMIC X o THRIER KB (#EL) 29 E& 5. Fig, BFHEIC X 2 XBkoRhR
TERFRICZAAF—2FHE - T2 e bARETH D, THAZHEMANCTER T 2 BT ER I TN S.
AHETIE, BFUEL 7 4 — PNy ZHIEZIT 5 b4 R EFEREBIICB W TR FHDEIC L 2 KBk b 7= & T30 %
BELL. BFHECHs BT REBEROGER L T RETHIE) 74— NNy ZHIEMCEID 2 TR T 2 2
T, MPMCERFHEIC L 2R e 7 4 — Exy Ziilflozh 2hoRE2HL 2T L. £3, —ROEFHIE
IR Z SRS 2 HAHATD 2R IEMEA Y A b vl X Y Mi2id, BEFHIEDRICT 4 — RNy ZHlHlZ(T 5 #fE L X
BAEOPHRVERS EENTVE I LIKERT 3. 22T, ~RoBTHEEREY 5 2 2 MEHE FE2MIRT 2 2
ET, MR FIEDOAZITIBRY, MEMRIICUTRRSZ =4 —BEZBINTITO#EE (71— FNy
2 i) 127 fRT % % Z & [Wiseman 1995; Fuchs and Jacobs 2001; ete.] 2643 2. Mo figz i@ U CHIF R &1
HEL 74— XNy ZHlIfIZZ-Z2 D 2 XAIT 2 22T, UTORBTFEHBEOERICIZTVINOEEICB VT b
RETFHEDRICT 4 — XN ZHIHZ MR 2 58N H 2 2 & &k BEICHAT %: (i) @E D Clausius FERZH 2
REZRB OWD T EH A 7 (Maxwell DERE). (i) BFRNOZRLY —FHEE - RO =41V —#
ERF (ZEMEB XL a b Y —[RA) 22 2RO AVF —FEH - . (1il) BETFEIC X 2 KEkOS R TE
TR LAV F -2 2 =2 ) —#{ETHFHL LTI HIEHE Y A 7V (measurement-powered engine).

K. Koshihara and K. Yuasa, Phys. Rev. E 106, 024134 (2022); K. Koshihara and K. Yuasa, Phys. Rev. E 107, 064109
(2023).
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BHCA (—BEIXSFEFIFR)
BFNFICERBUIBED ?

TV DAEFEXDOBAUIRFR IR LD L2 W e 2 BR T %, 06, RFMELEELODZI LB LS
P EETH LR EXEDbNS, UL, HRMZET LW BIRNES H 5, 2iud (BAEDBRIESMT
WEDOWT) BEDIRED HRRDIREAN LR L X & LTRE > TV E WS WDTEDOMREIN S, BEILRKET
DIRBED 2D (B2IERDBHRFMFITEDNT) RE o TS LWV S ENEDOHABANDHEITTH 5, AREKTIE, &
THED MBI T T3, REDEBRID L2 ZN 235 L5ICRA s Z ek ZaillL. FRBZH&
5ZEMEIVHMABE B 5T DL ONTHERT S,

BT HFOREER. BN ARALHR (2022)
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HPHEET (AEATF)
2RTBFT 5 OR—IUCEIT BT A5 R L BFIRRIRS

BTOHEBEH SRAD—DICENORF MDD Y., 77 v 7R NVRRIZOTERATH S, —BHETERTIE
HHOGIHHMEEIZ, =3 F —DIEEED T TORFRL/EDHMFRRDIHKEH (Focusing Theorem) 12K XL
5, ZOEMIT. FEATHS T 7 v 7 =NV ¥OHEMe LT, —BHEMERomsRicKELEIRL TV, L
L. BETHREZEET 2, —BRICPCREBEIZK D 20, Bl 77 v 7 m—A B8 2 IRAEE TR T
WiAE s 2, 22T, 77 v 7K=L OHBTY - HBRFHOLY b o —ofMe L TREEI N T—#it
Sy ru—] (1] oO#ERZHOWTICRER 2 —RL L7020 TRFIGRIRE (QFC)) TH 5 [2], Zhuigic,
B1RhR Tl R ICREBD N 2 5 2 IR T QFC OO A TW5E, —H., EEOHFICED, 7
7 v 7RV OEFEEIRIIBNTA—F Y VIEHFOEHEZET (74 7> F) 2HPEFEMICER I NS 5 2 &2
BHL. 79 v 7R —)UIERIEREE ORI TRERERYE D o7 3] LHELRDS, 7T v 7 h—LAEo®
FHOTLY POV —R TV XY ZAAY b - T2 bRE—LIABE 745 FATERE N2 Page BH [4] MUK,
759 R—LOHBEDETHOZY b u =P 35, 207D, QFC b D ilhvwe PHINS, AW
3. 747V FERBEBLEENT 7 v 7 R—MIZBWT QFC AR DD ¥ ZilHT %, ZOHMT 4 Rk
WFRT T v 7 R = TOFRITIGE [6] 255 253, BRA RELEZEHWTE D, K, REXAL F I 7 AR FHREE
DANLZHEED -, TRIFFHUIABWBER L oTW5S, £ I TARMATIE. HHMD 2 TR FENHERICBEL
TRAR—F Y JRFTEIT 2T 7 v 7 A=V EBNINCEETE 2 Z L ICEHL 6] 2XtR&TF 77 v ZhR—
MZBWT, 747 e QFC 2#FET 5, £3. QFC OEARELZTH 3 & FHIRFE (Quantum Expansion) % 2
RLTHYIRERE G R, RIT A 7> FEEHET B#EE 2B T QFC DI D 2D Z & & T HNICEERR 3
% (7)o 2RITEFT7 T v 7 h—NE BRILENODH2EOMPB L LTHRONDZHN Do TS, KRIFFERED—
RRITTTOEFICOVTHERL,

[1] J.D. Bekenstein. Phys. Rev. D7(1973)2333 [2] R. Bosso, Z. Fisher, S. Leichenauer, and A.C. Wall, Phys. Rev.
D93(2016)064044 [3] G. Penington, JHEP 09(2020)002, A. Almheiri, et al JHEP 12 (2019) 063 [4] D.N. Page, Phys.
Rev. Lett. 71 (1993) 3743 [5] Y. Matsuo, JHEP12 (2023) 050 [6] J.G. Russo, L. Susskind, and L. Thorlacius, Phys.
Rev. D46 (1992) R1005 [7] A. Ishibashi, Y. Matsuo, A. Tanaka, work in progress”
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REBE (RBAFERYIEFLAIAR)
BFIRDITIE LA IR

BFRDEIERNSRETFHERE ) A X0 52700 FETH S, TODEMRFIOZ L ZRAZE T 4P —FF5 LI
N2HOEHN, TNLONETIETEHRE (v X HETEF2HMER » v ) ZEKTEE 3 filLF
W oL CREL - BELTBY., HENAREEEL S EEAT2 e TRTFRDETEEEHL TV, Kl
HTIE, (REEITAF-FHELIFRSLV) —BROBFRDITEFSICBOTHHMNREENAENTHZ L
BHRANZ, BRINICIE, T/ 4 O —REBTFRE» OB TFIHEMEEITCT2EFF Y30 & [ZO0RKKTEE 2 &
HoHMERZIETLT 2 POVM 2] 2oL, ZOEILT I —2 POVM ZODEILT I -, ZDODEKED
MO EEVTEZO6N2 2 2RT, SRR N REETE 2 O HHERZETTE 2 RN
ThiuX, BEFHMOELTES) CEERLTEY., BFHEROEICE VS XRICH T 2% E 2R 3
2HDTH 5,

arXiv:2210.06661
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WILEE (LBEAFEAFER FEEBTIRBEHER) (RE : REAMR)
IRUENB AR B IC £ > TRAISh 3 EFURKEY

Bell DARER DA EIES TR, BAMPROAENLMED 1 o LTERFIURKEESTEHE ATV S
 FNEFLART B 720 DEFHTER & EFRIREOM OBGRMSIZ L A CHBEI N TOWRVODEIRTH 2, ZDR
l@lotbf PIHPRBEHE (i S B FIRBB I D W T W B Z e AT 5, FERANCERBIHIT 2 2 e TERL
BTIRETIER L, BEBRNT 2 Z e TE2HEBRICHEIVT, BT URMEIFEZ R LS 2 91EREO%EfF % 5
5 ZeBTEIR. BFURMKEE L 2028013 2 72D 0 Elon 3 2 BT - e 2 HfF X 5,

Frauchiger ¥ Renner (3HMIERRICE DS W VIHHREREFH > S R THF L FET 2 mHT oM 5 KX 5 Rl
ZIRIBLI 1), 2OWFHTIE. AOBAELzAZM M ROYIE F r W 2HET 2, zhzhoyi
BOMHEIZ f € {0,1} BXUP w € {a,b} TH 3, X512, ERFNRYEENFARICHEINS ZICXk>TH
LN B FEEHERIIRD 3 0DREMPIGME. (1) P(fi = 0,we =a) =0, (2) Plw; =a,f; =0) =0, (3)
Pwy =a,wy =a) =0, ZiizdTdDFT 5, TIT fw M TMIEXFEIZAOBMEZXRNT 272D0D 7L
TH2, (1) & (2) OFMHE. FHOBAED w=0aZ2BR5F O HOBHFEIMERLIT f=1%215%
ZrxEWT 5, LrL (3) oFME. ZAOBHENIFRFIC w =0 282 28RNV E2RBLTWED
f=1HFRELNE 283 VIETTH S, EROFERERTIE. ZOXI3RFHMBELS RV EBFEIEE N
TWAD, BT HACHE SO THHPIREBE/R 21T > T0 2 720, BT IRKENS L OBGRIETHETH 2 2, 20X
SUBEFRN S, Fx OHERILMITIE. FELDRZ 2 HIEDOSRTIE & N 2 PUE RIS O OB 72 B R % £8
EAYSER]S

EBROEBR T, EBRIZATEEMICE > T, MEN0ICRZ I Z2ERT 2 Lilo 3 oDREMRMNSHE2FEHT
5 RBESTIERV, Lieho T, KK TIE 3 DORERNIGEMAF DB ORI ZERICER L. 3 DOWERIS
e B E R 2 TER HAET 5. BARICIE. BT ONOEEVWHAIZRFENLD b ONEWHFIDEEZ
AEL. 2 20HPERICH L CTRANRESRCOREEREZ AL T2 4R TFE2EAT S, 2D K2 I2ERAK
BREFHONOEE WV RINRENEOAE LSRN RAER 5 N TELRNEZERT 2 2T, 3 20N
xR iotts 5 Z e AREL 12 5,

AR ORRIE, BRIEANCER S e 3 D OYBIRISEM 2 RN I 72 3 HIHIREEDS, JERATIR R TFH ONDEEL
R ESFECOEE VDN T VY AHEN IR T, & BT XREFEEIENS Z L Z/RLTW5,

[1] D. Frauchiger and R. Renner, “Quantum theory cannot consistently describe the use of itself,” Nat. Commun. 9,
3711, (2018). [2] M. Proietti, A. Pickston, ””Experimental test of local observer independence,”” Sci. Adv. 5, 9,
eaaw9832 (2019) [3] M. Ji and H. F. Hofmann, “Characterization of the non-classical relation between measurement

outcomes represented by non-orthogonal quantum states,” Phys. Rev. A, Vol. 107, 022208, (2023).
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WTFHR (BHMFRAT)
RIENREEROIISH 5 R HS- BFHEE : EF bz

BAERIRERER OS50 & R - B RMR - B bzdoie 7 Hi) R0 8B 3 2 — RSB B
Wik, BTl - ZEE L - REESE T (e.g. Feynman - Kac AR) FH3H %, #HiC, BTFRH 5 M
Rz THIRZ21G 2 BEZ B ICERMLL LS LT 2Hmb H 5, M)y, EHEIFEITEAICIIESN S X5 1Tko
Te—HERG (GPT) ERENHERR (OPT) X, BB E2ICERE, Hlle BT OMT %2 & — BRI iERGm RS
BEOREZHIET DO TH 2, Lo THl-BTRRZW®T 2 &L/ 5 MR OMEROBEEH AR GPT 2 OPT
ZELDOIFEALRFEETH L L BEbNS, LoLl, ZOFRMIIESSHRIEIMDTHRVWESITH S, 2L, kfF
D GPT/OPT kD3 H & D il Kieizd, D572 WBERIFZE D2  FET 2NN H 5, SHOERITZ L
Zimahs e Bbhsd GPT/OPT OEMRDT A2 D RE VI E W ZA5TH S, SHOFELIZ OPT &5
e L TR/ MR oM Rz €L L5 T 2ADHFERTDH 5,

BIREHED M EREZER I BRXOT) v VL2 7 4 v 72K TRINZ D, ZORKRRGA
LT K”ahler ZkEAH 5, 2> %27 b K’ahler ZHADBFLICOWTIERIA 20 FH D 5 BICHBEA S
TWb, 287k K'ahler 28K % &L L 78 FIRREZER (Hilbert 24 I3HRRITITIR 2 5 HBEERNCH L
DIFHRE BBZ D0, DL 2253287 b Krahler ZHKD RS MHZHITH 5 2 XykE S DHETT
O RIFRFETED TR > T b, a2 b Krahler 2L DE G, FHTIEa > 27 b ZRRIC OV TIERMEIATR
TWZN,

B/ AR O OPT 2B A T 2 Z e A L OMEDRIICE N T EHFE L 5 20O TR, A, &
FAL/EHHRR & D S BERD—RICIERT HWEETH D, Lo TREAL/EHMIRBEET 2050 &0 5 FERE
HIELHE TR VIR T, —HREEZ L T OPT I X 2B EZKI D, MELZEH T2 23 F9IchE
HEETHhHreEbNI B,

SROFRERTIIREORKNSHD S? FIEHEET 2, ZZTHWVWS “OPT” 1%, (EERITOD DX IEEVRE
H3E72 D) Devies-Lewis & D #i® Foulis(1960), Pool(1968) (2#1 3 diWHAIcHK D <, S? L Borel £&2MIZ
TN REER L, FHEHIE 0 D Borel EE2IKTE|- /-7 —ARE B 1358l 7 — LR 2%, B O&BILE
SR ERIEL N T 2, A, BeB O#EFL LTOEME AB:=AANB THDH, ZORMDBH LT B I3AH#
FHEL 725, B LOMERG & 3B R S, KT B ZIFHYLT %, B 12 1 HDH7RH#IT e
(B3R B L ATV L2ofi e’ 2L, BU{e '} 226 THENIZ) RS N2 IEA#ERE § 2&
ZB5DTH2, ¥H#t G LTOMRNEL, B P:G — [0,1] TIMEEZALTDOLERLLZVAE, G IIFME
DN D D EL VRV, ZIT G 2R 2 WIIFERBPERNE A WHHRLT, A OHFT G O@EYIZRILRH
BG(GCGCA 2EZ, MRAEP:G—[0,1] 2225, Lirl, HIAZHEROIMENE (QEBY) 725355
¥ G LOBEBERRHERGVBEETEZ 5128, Z T, Sorkin (1994) (see also Barnum-Miiller-Ududec (2014),
Miiller (2019)) 12 & o CTifld &7z THERD Sorkin AFEME) & H$ %, Sorkin AiEMEE GHEATINTENE & 1358
T) IFEAD» OIFEBI LR, BF e HMOMA TR L, HI-BFREGRERL 2 L OARERNZ&EZ R
TrEZLND,

S? ORTALIMERERED D, 2hold SU2) ODEIRBICHIET 2, 20& 4% G £ Sorkin FERHIE L L
TRET 5,

D. J. Foulis (1960), “Baer *-semigroups”, Proc. Amer. Math. Soc. 11 (1960), pp. 648-654. J. C. T. Pool (1968), “Baer
*_Semigroups and the Logic of Quantum Mechanics”, Commun. Math. Phys. 9 (1968), pp. 118-141. R. D. Sorkin (1994).
“Quantum mechanics as quantum measure theory”. Mod. Phys. Lett. A, 9:3119 - 3128, 1994. arXiv:gr-qc/9401003. H.
Barnum, M. P. Miiller, and C. Ududec (2014), “Higher-order interference and single-system postulates characterizing
quantum theory”, New J. Phys. 16 (2014), pp. 123029. arXiv:1403.4147. M. P. Miiller (2021), “Probabilistic Theories
and Reconstructions of Quantum Theory” (Les Houches 2019 lecture notes), SciPost Phys. Lect. Notes 28 (2021).
arXiv:2011.01286.
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WA FEF (RBAFAFR TFHEN RFRIFER)
EFAECRICHET BZREEMORTEHIRT BARLATIC L ZHAEICONT

FaDES LTV~ 7 uzitfiicld, WRoEIEHIGRC X - Tddddhs., —7T, 2o~ 7 niitiizig
MLTW2I7ukWEOREINIEFMICE > it a3 b, 05 HlAR 2 & FamdBUEIHE A & IR IRES b
RELEZ-TEY, 37 TIERLD~ 7 0 Rt ClE o L EETIIBME T E R0V K S RBRFFE AT
5. T, EOXIREMEVMEINIHEIC, EDLIXLTERFRERFEHEZROVEIMLERT DS 5 H.

ZO—oODEZ L LT, HHRLRIE (coarse-grained measurement) & MHIN2HFH23H 5 (Kofler & Brukner,
2007). Z OFABLHEIE OHERTIE TOMREN R WD Ic 2 TOEH%Z EMICHANS 2 e 3 TERVWHIESR %
EZBZ LY YHEICHIRI G2 60, ZOFMMEDKIICED, RPKREVEACETESIBIIITE Il
b2 e FREXNATWS, EETE, HAEAECB T 2 HALOREIXCEZHIRT 2 X5 RETF v 2L
A:L(Hp) = L(Hg) (d< D) THZEZSHNTWS (Duarte et al., 2017). Z 2T, H, & n XItd Hilbert 2¢
M, L(Hn) & H, SIERAT2HBERAREERI» LR 2EATH 5.

ARRTEAEYOREZIICI o TROKRZ S 2RE G OMUL I NYBEREDIFBRRAIZHENT 5. £L
T, ZOMHMBAHAIEDHIC LD TEHRNEREDEIRETH % cat state BBl NV 2y, T QY
EOFERAIERRETH 5 Z 2] |, [Leggett-Garg F~F (Leggett & Garg, 1985) Zifi/c T2y D3 DERTIL
TRFEDHIRZHERT 5.

J. Kofler and C. Brukner, Phys. Rev. Lett. 99, 180403 (2007). C. Duarte, G. D. Carvalho, N. K. Bernardes, and F. de
Melo, Phys. Rev. A 96, 032113 (2017). A. J. Leggett and A. Garg, Phys. Rev. Lett. 54, 857 (1985).
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Shintaro Minagawa (Graduate School of Informatics, Nagoya University)
When is Maxwell’s demon consistent with the second law?

As a model of Maxwell’s demon [1], feedback control and erasure protocols have been studied to investigate
the relationship between thermodynamics and information processing, for example, Refs. [2, 3, 4]. The com-
munity has reached the consensus that Maxwell’s demon and the second law of thermodynamics can coexist
harmoniously. This coexistence is attributed to the fact derived by Refs. [2, 3, 4] that the advantage gained by
the feedback control is counterbalanced by the expenses associated with measuring and resetting the demon’s
memory to its initial state, or in other words, erasure. These findings are collectively known as the second laws
of information thermodynamics. However, these previous works [2, 3, 4] made some assumptions, particularly
regarding the feedback process and the measurement performed on the demon’s memory. Thus, the currently
known second law of information thermodynamics is not universally applicable, and its validity range remains
unclear. This presentation addresses this gap by precisely deriving a condition of quantum feedback control
and erasure protocols consistent with the second law of thermodynamics overall. We conclude that the second
law of information thermodynamics is universally valid for any quantum feedback control and erasure protocol,
irrespective of the measurement process involved, as long as the protocol is consistent with thermodynamics.
Moreover, our analysis can reproduce previous results [2, 3, 4] with fewer assumptions. This abstract and

presentation are based on Ref. [5].

[1] J. C. Maxwell, Theory of heat (Appleton, London, 1871) [2] T. Sagawa and M. Ueda, Second law of thermodynamics
with discrete quantum feedback control, Phys. Rev. Lett. 100, 080403 (2008). [3] T. Sagawa and M. Ueda, Minimal
energy cost for thermodynamic information processing: Measurement and information erasure, Phys. Rev. Lett. 102,
250602 (2009). [4] T. Sagawa and M. Ueda, Erratum: Minimal energy cost for thermodynamic information processing:
Measurement and information erasure [Phys. Rev. Lett. 102, 250602 (2009)], Phys. Rev. Lett. 106, 189901 (2011). [5]
S. Minagawa, M. H. Mohammady, K. Sakai, K. Kato, and F. Buscemi, Universal validity of the second law of information

thermodynamics, arXiv: 2308.15558 (2023).
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HS B (ZHIFEKF)
RF/ WLARFRICE I <HLWFHEEERERICOVT

T D VLI LT, Bottcher-Wenzel AERDD 2O Z AR SN TS [1]. ARIFFETRIEMEITFNCMHK
#3250V 2B8BAL, 20k L7 Bottcher-Wenzel FERD—{b 2 WL OhEZ S [2]. ZhofrEXDX
4 PRFREBEREIC X DIEE, d=2 R 2 HWGE B W TIRBEGEEHbE o k. 5L, 2
NZNDOARERDOWT, BFHICR, MEEHERBEBANDQIEHNTE S Z 2R L. KT, AR TH L CEWr
T BRI, FERTHEZEIR Y 32 MR HEEEZERB L7-bDTH D, Robertson TS Schrodinger 5%
NE D HHMELRBERELEZ 2 Zebh 5 [3],[4].

[1] A. Bottcher, D. Wenzel, Linear Algebra Appl. 429 (8) (2008).

[2] A. Mayumi, G. Kimura, H. Ohno, D. Chruscinski, Bottcher-Wenzel inequality for weighted Frobenius norms and its
application to quantum physics (2024), arXiv:2403.04199.

[3] A. Mayumi, G. Kimura, H. Ohno, D. Chruscinski, (in prep.)

[4] A. Mayumi, J. Lee, G. Kimura, (in prep.)
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181l 5 (RRAFEFIYIEFH)
BFAREMRICET BRERNT

ETAREMRICHIT B EREESH
AR 4, RALH
) 24 %= =T 5, AT EE

BFICBOVTIE, OB WIZIEA#EZYHEOHICO W T ORIBHERSfiZED 5 Z L IF—KIZIETER W,
L2 L., HEEPBEESEBRETINS Z e 2E TR, ZOIEMETH 2 T (R MR 2 ERTE S,
RHER DA DEFRIT—E T . Wigner 27 Kirkwood-Dirac 73472 ¥, FESEANZIIkE & 72 b DD IRIBX T
iz, MR, B EC X o TENS BH—HNCH S Ba R E h iz [1,2),

AR TR, RO —IHAD T, ZHERMRPL=HALR 2 PO HRERRICB T 2 Bk 4 R0 M OME
ZHEL., & DDIROZODERED S Kirkwood-Dirac DR E LWEEEROZ e 2R L7 3.

BFEICBI2YHEED IDHFLMHE) E. ZAUSHET 2HEFORARY MUVEIERSNS, ZD7D, #EED
AR R 7310 & OFALIEOBIA D HId. BER MO BYHEHED AR PLOBERESICEEZROZENEE LW,
ARETIE, 2O XS REEEHZT DI, FEMNCIE Kirkwood-Dirac B Db DICR SN2 Z ¥ R L7z,

e, PRIEAOYHRIC OV TORERDMIC L o TEFREZEFITKI (1,2 TE20E 0LV IOV
T, PHOEHDFAEDNERTH S ZehBbhr b, ZDHTD Kirkwood-Dirac 777 DH ML HEA L 72,

[1] J. Lee and I. Tsutsui, Prog. Theor. Exp. Phys. 2017, 052A01 (2017)
[2] J. Lee and I. Tsutsui, Springer Proc. Math. Stat. 261, 195 (2018)
[3] S. Umekawa, J. Lee, and N. Hatano, Prog. Theor. Exp. Phys. 2024, 023A02 (2024)
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BEE WE (ERBEAE XERBREIFHATR)
EFRETHLEDET 7AN—FRZNLIH2OIFEICDOWVT

Uhlmann &, E&REOEMFZHIMEOERITEEL, BFIREOMPLE2IAE 7 7 4 N—¥ F 2 B IREEZEH
LDFET 7 4 N=HEZHHK L7z (Uhlmann, 1986, 1991). KZEMH OO LZEMADESL LIFo 55, #ifficiho
TR T PV D LERBADEZEH O X FFX LM 5 (Symmetric Logarithmic Derivative, SLD) & 7% % X 5 &#¢5H B
2EZ, TNRMPHMCH O SRR OIREBZERICHT T 2 &, HIFRICHIR L2 K240 o SLD itE e SRR
2] EoAMEM 7 (Right Logarithmic Derivative, RLD) &2 —8$ 2 Z 2% 5HhTWw3 (Matsumoto,
2005). 4 x SLD af&E & RLD GHEOMMEE WS, 22T, EFERECH S 2 B2 3 & KRB 2E M
oFtEZHFAG R VWS . B HREZEN Lo B BB L, MFHREFEREKE 16 11253 % (Petz,
1996). Z ZTAMITIE, FUAHADD &, BOEDI D 322 X 5 7% SLD Ft& & RLD FH&EMSL O HEHET & D
ZHABE L. ZORER, SLD KRS EIFIC K DEIFRDOIGHEN R D LoD D E+poMb e, oMzl 3
HHRTROMA SLD fHE Y E RLD Gl EOMDATH 2 Z &, Tz H WIS 2 /E R EFAREEIC IS 2 HiRa!
BEOXHEDIK D SO/ DD+ 5t %157,
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R AR —F5R /Poster presentations

AR R —FHEROMEIIFFRIET T,

1 THHR#E (affirmativeArchitect)
B DRIV DIRENZDH ?

RDOE|H%%M, http://manmodelmarketing.com/blog/5798.html

RD5IH%ZH, http://manmodelmarketing.com/blog/5798.html
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2R WY (RRKFE EERIMHHZER)
T4 v IRBBEREHONFAEDTILITHCIETILITH

BB T A FOREIREIZ BT 2 LT 4 v — R O BERO AHER Y U S s s
RTRDOLNET, ZODIEHBAEIED & DXL BHRHEK T 2 XROFEBEL R DEFE /MR (1] 25| =
L., ERETEEMCHBELBEEZEDIEIT ey 77— 2] 8D £7, 2R CTHIEBIEINE T 2 R 5E
R S0 —RINIC Y v a 7B E Sk T, AEETIEE - RIFETOBBEBRE» > 0 XL 2k~
N 7EFRE PN E S,

AHEEHTIE 2EMRICT 4 7 v 7 0GR ZHON TR E2EZE T, ZOETATRNFIBOT 4 7y 7 F v v 7
mEARZ MUVER L. FR —L DZD0DRI X=X =% T 2HTARY MEEEZIRIEST 2 28 TEE T,
—RANTBRDNINPZT YDARY PR R TRWEATOARIET LA THENRZ 2 Z A5 TVETH
(3], BRI ARY MG v a 7 oBESEIZ N E T ICHRMP R INTETVELATLRE, ZOH
BTCREARZMAVD ERTRE XY v T 0nd ZooME e v ra 7 oEEIcERE2 H T, Z0HERMH - RIF
MTORZFOEFARNE Lz, R LT, F2x7 Mo ER e FRIZERBTOIE~Lra 78, I¥y v TGS
FERETOIEFe L a7l ICHFGLTWAZEPHL2ICRDFE L, X5RFy vy I EFICX DN FLZES
WHEE T, REREIEL 2 2 IR TEE L,

[1] C. Chiu, E. Sudarshan, and B. Misra. Time evolution of unstable quantum states and a resolution of Zeno’ s paradox.
Phys. Rev. D, 16(2):520 - 529, 1977

[2] Khalfin. Contribution to the decay theory of a quasi-stationary state. Sov. Phys. JETP, 6(6):1053 — 1063, 1958.

[3] Misra and E. G. Sudarshan. The Zeno' s paradox in quantum theory. J. Math. Phys, 18(4):756 — 763, 1977.
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3 WA (LEAF SEEIRNFMRAN ST —EFHEE)
KFOEERDHNORIEICEAIT - FEEMRT ZE R 5 EFREOENESNR

HHTIZEZBWT, MFIE LB EBE2 b5, HHRZEHPCRIEEOERINC U 72 o THEEERES 2
5. ~HEFHACTBOTE, MyOMEBERERSMiE LT LIRS, WEZIT) FTHEEFEXS LV, &
BT, fIE L EFRIIIFARTH 2 DT, BZZRLDMEDFRIFFIEE S0V, 2D, BEFmMILANFIED
O WERET 2 Dh, 2 OYFERIBURIIRZEBIRZR G, 2D RICOWT Hofmann 12 & D BFHERYRR 23 E
LWz L 2R T ERPRER SNz, BETIRMEDEEZ L ANICHIR L 72K, EHREDIEZ B LUMIHIRL
TREOEREDEIREEZE Z 2, “OORBIIIFELLRDT, Wiy D5RMAZHROMRTHIICHZ L2, 22
TLB <h &) MEEMRFZEZ 5 & 5 BB & EBEOFRRHIEZ1T - 72358, MHIREOAE 71 & EE &
o3, REEFERE DN E A ORERRIZH M ZZICFE L. LB = 0.024h TRZADRSBEFICHND &, M
R Fiashsd, AUIFROHEEDEF2ZHWEFERICE D ATFOEEROBNZEIET 2 TH D, ZDH
fiie LTZENX LB = 0.03h Z2iifi7e 3 X5 2B FREZAEWRT 2720, F=v v 7 THit ORI LR, av—1 >
FEIZ K 2 IREDEK L FHli 21TV, BBURMERIC KT 2R 2 G2, £ HEmICEDRWETIZOWTZD
FREZZEE L, SHBOE—ET 2 HVERICHIT THE TN E R MG L,

[1] Holger F. Hofmann, Quantum interference of position and momentum: A particle propagation paradox, Phys. Rev.
A 96, 020101(R), (2017). [2] Takafumi Ono, Nigam Samantarray, and John G. Rarity, Controlling and measuring a
superposition of position and momentum, arXiv:2207.07270v1[quant-ph], (2022).
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4 PR (BRBEAT KFRFHRIEIFHER)
XFIRREY — MCETBEFTILTUIL

BABETXFRAMN2OREDOXFINEEGHRICHMET 2720100, 7FA M2 LRLTRETLZ IR ETHD,
BREFALY (SA, Suffix Array) R ZDOWEZAMMHA L 727 — 2 HEN K S FHEN TV S, Burrows-Wheeler 2544
(BWT, Burrows-Wheeler Transform; Block Sorting) (&HREFEY 2 & BARICEINZ 7 LIV XL THYH, JTD
TEFAPE 1M1 OWIEZE DR S, X DEMICHEWEXFIINE LTS, BWT 2y =2—71Ly PRSPV = —
Ly MIAIZHWTA 7S Y RICX B HEMZITS 28T, EMH LR BEZEMRE MR TH 5 FM-index 255
HTx3. ETHEICBVTIE, Grover D703 Y X2 W2 XBRPIEBIRBINTVWES, WOhdE
FIREZHELTLES 2 L & FIRBAERICH» 25 ARICHEZEZ TV, 2023 FRIIGHIMT LT Y X 4
E EFLMAGDE S Z e TXFHIMRZ Sl 2 FEMER SN, AFATE, BFI7 VX LT 7RAXE
U (QRAM, Quantum Random Access Memory) L TEFLRERZHWTEF~— Y — b (QMS, Quantum
Merge Sorting) & FXFHNHHAT 2 Z T, BEFERHY (QSA) R&EF Burrows-Wheeler Z#2 (QBWT)
ZIERLL, BTIREZEET 2 2 e o @Ml XCFIRERAIREE 5. £/, QSA X QBWT I L TET XA
THEZHAWEZ T, ERL > TEFREBLZIZLACET LRV E m ML Om) KETITR2Z L
ZR U7z, R TIEISCTFINSN T 2 RXMRDAZ/D B, 7 —ZFNH U TREDRMFIC—T 280 F 7213 E
ROAZERIIREHL, IRV LREZEFMNHT 2 2 L ZNHAEOSWIRIETH 5.
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5 REKE (LEARFAFERTERTREFHARER)
FEFERIROZHFHE

B, BFarPa—R2R3 U0 T4 REFRMPEHICHEEL TWD, Kz, KFIPEEFavyEa—X
REDEMISHTE 2EELER YL LTHEHEZEDTWVWS, ZHU. EHFRENBFIE/REONETH I
RYTNRAY PRERTE2DICHELTVWEINHTHE, TR ITAX Y MREBIZH2ETFEFMAT S &, SLETE
BCHELTHIEZ2 Lo THETOHMA Y P a— X TEMEL 22 TERWRHEDRIBICHN LT DKM
RIRERREET 2 Z e BHIfF I T W3, ZOZKTTHICIE Hong-Ou-Mandel 25 (HOM 5h#R) 205 FH 4 D
EHTEEB LA OTEIRNEET 2, 2T TBPELOBTTBL R 22 251, N F2X5IT &%
WZEIIERLTWS, KFIERY > THD, MEOANE I LU TREIZEL L RWREEZ R > TW\Wb, D
WAHBE RN TORTOTHE X DEMHICT 2, HOMBED, 2 00KT DL > TELREIE- RHET
HFOFEFERFTHZ 2k, HIDRELFR UCKELZ RTOTTFE LT IZRI T, Lir L. HOM zhRIE—
DO —=LRTY v Z— L TRIZZFRANBRMIRZOTENFTFBOYHN T ot X252 2DI3H L\, R T
BFBEHNOXTFOYHN 7 a2 AL PICT 5720, IHFEOMFUC LD ERINL 7 4 — KNy ZHEEEZHV
5, ZOHEEHWS . EHEEREUE T 2D0TIIRL. ZOESERHET 5 2 L TTFBHEREERM SN E
P35 Z e ATE S, ZLTIORORED TIXNEORZI—HT 2, ZO7 41— PNy JlifEEEZ. 2 D0NT
DU K > TB I 2 THFHIHEIGT 5 &, HTFOTHFHNORMEZHSICT 2 2N TE S, SHEHIIHNT
BETIE 2 DDHFIEDH & 5 EEFIDEIL, FHRONTFEIANININFODL x5 EEFT O Lo THKRE M
TWBZEDHLE R o7z,

[1] C. K. Hong, Z. Y. Ou, and L. Mandel, Phys. Rev. Lett. 59, 2044 (1987). [2] Holger F. Hofmann Phys. Rev. Research
3, L012011 (2021). [3] H. F. Hofmann, T. Matsushita, S. Kuroki, and M. linuma, Quantum Stud.: Math. Found. 10,
429-437 (2023).
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6 SHEN (RBXZIFARREFRIFER)

IREIRTRE AR REE B IC & B incompatibility DHINEFEE{R & unbiased qubit observable M#RICH T
3 [EMERE R

BTRICBVT, BROBREEZFERIITZRZWEE®D Z £ % incompatiblity W5, 2B TRICHNT 2 EHD
BIEE, EEORBICHT 2206 DEN D 2 1 DOBRIEDORFAIZ X > TIHE SN S & ¥ compatible TH 5, £
5 TWE & incompatible TH 2 W5, I, FRHHIESATREMEIZEBOBRIELP VTR HETH 255D
incompatibility T® 5. AT Tl incompatibility ZMEEIZfH 2 2 REDR & N GENTRIR L, IREZER O ER
DEE Sy 12 & o T incompatibility 2REE XN 2 HEICZF NS DEIEIX So-incompatible TH b, MRALE X e\
Al Sp-compatible TH 2 & Uiz, £7z, 2 DOHEDH A = {41, As,---}, B={B1,Ba, -} IZDOWT, K%
BOEREOEDES So 1T LT A 2% Sy-compatible & 51& B % Sp-compatible] 23D IZDE E B <ipeomp A
3 BHIEFERAEA SN, 612, SORNEFERICEDNT, A <jpheomp B 22 B <incomp A THZ L &
A~ B t¥5RMERFRSEAINT.

AR TREHE LG L LT, 2% qubit &, H#IEDH2S unbiased qubit observable D#fl (A%, AY), (A€, A4)
ThHhdeErEZ, ARORER GRS D X 5 MK LT D L2h%FH~X7z. Unbiased qubit observable A®
1%, A%(+) = (I+a-0)/2 (a € R |a| <1, 0 = (04,0,,0.), 04,0,,0, \& Pauli {751) &> THKENh 3
POVM T&RIN 3. £o T, (¢,d) = (+a,+b), (£b, +a) (HAEER) TH 5 & =, unbiased qubit observable D
(A, Ab) ¥ (A, AD) AN CHTH 525 (A%, A) ~ (A%, AD) TH 5. A% EIRFMBEIG L P2 %
F, (A2, AP) ~ (A°, A) ¥ /2% ¥ & Bloch BRNICBWT a, b, ¢, d HFA—FH LICFET S 2 2R L. T
FiZlal = bl =|c|=|d| 2 a & b ct dDBRTANPFELVWE EE2EZ, ZOL ZFAERMEF (A2, Ab) ~ (A°, A4)
DD SOIEEABMEFEE LRV 2R Lz, EHIZDHRELT, |a|=|b|>|c|=|d| Ta & bctddk
TAPFELWVWEAER, l[a|=1b|>|c|>|d| Ta b, ct dDRTHAPELVEEICS FEBEGRIKD ZOIEEH
BADBFHE LRV dREN 5.

KHEETIE, U EONBELZDWTHRITHAED L 2 =S ROENZITS. 7

T. Heinosaari, T. Miyadera, and R. Takakura: “Testing incompatibility of quantum devices with few states”, Phys. Rev.
A.104, 032228 (2021). SAHERER: THEEIC HEAIRRER G 12 B-D < RIRFHIEARTREMEIC B 2 IEFPREfR ) | FUEB K L psekl
{E-H3Z (2023).
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7 WFRE (RRAZE. EBF)
2 KRBT +—2 DIRE: HH Dirac N\SILF=T2 L (BX) FEOTHILAE

2 REFV +— I DIRE:
B Dirac/ NI b7 (BR) bAROZAHILE
BRAIE A, IR B, BRALEM C, kAT P
liE B AP JIHE BB C, #HA B8 C, EkE B8 PO

Two-Dimensional Quantum Walk: Effective Dirac Hamiltonian and Its
(Higher-Order) Topological Properties
ADept. of Phys., U. Tokyo, B RIKEN, C1IS, U. Tokyo, P Dept. of Appl. Phys., Hokkaido U.

Manami YamagishiA’B , Naomichi Hatanoc, Ken-Ichiro Imura® and Hideaki Obuse”:¢

2 XJt Dirac NIV M7 Y EEMANIN =T TS 2 XUBBRERET Y -2 DETL (1] ZIREL, %
OIFEL PRIV EEFERT 5. BERRHET Y + — 27 23 d I (RHN) 70X LY+ =27 DETIRT
HY, BT RO IVERMNCRBEEET 2. ZhET, 2XCBETV+—2 2 LTE, BETHEEOEHLADLS
2 HHE Dirac AR MIEDF SN2 ET AWK OPRREI N TV, 2 X0 4 HHE D Dirac 2R & 56
DIFoNZET IR o7,

TaZ, FFZERESMRTOEN NI P =7 V5 2 Kt 4 HHED Dirac NI h=7 >

Hl()2) = HDw ® TO + Uw ® HDy
= (e0py + ma(2)0?) ® ) (eT%py +my(y)7Y).

YRBEIRETVA—ZDETIN(] BRETS. 22T {0% 0Y,0°} & {7V, 7°} EZZaZ2h Pauli 75T, 70 1%
HNMATEITH 5. X512, Dirac R & Schr’odinger HFEROMIEBEFR L D, 2 KtHAFIREI FRT7T >+ LD
HEEZBTFY 4 — 7 THETZ. &BF7V+—h—OMBOHREORMFE 2 XtHFfRE FR7 > > v Ltk 3
FHEEENCINH T 5 Z L DR TE 3. 7z, Dirac NI =7 Y OEEE m, (z) KHHITE2ET Y+ — 27 DR5
A =& 0, (x) & v DEIZISCTRT v TEIBANCZE(LE B2 &, ERIH my,(y) WZHHIT 25 X =% 0,(y) DRE
WKIGC Ty KBS (2 K0T) a—F—IREPHHRT 5.

[1] M. Yamagishi, N. Hatano, K.-I. Imura and H. Obuse, Phys. Rev. A 107, 042206 (2023).  [2] R. Jackiw and C.
Rebbi, Phys. Rev. D 13, 3398 (1976).  [3] S. Hayashi, Commun. Math. Phys. 364, 343 (2018).
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8 Al KRR (REKF)
BB T RO/ DR & RS D

BHAE TR D S 2 DR & A Al O W5

EEES S R
S NG

FAE T RIFIRIER L FHEN 2 ERNZRICHENTZFEROX A F I 72 2H 5, HEHROXA FIZ7RE &
RRDREDP LEERDREEZ ML —2A 7Y T2 Titlhdhd, 2Ok E, EHR»LHZ. BEROERY .
FHREEROHEBEDIHRO—IICT 7L ATERSRE D, DXL F I 7 RF—RIAAH L 25,

FHROXAF IV ARRTFGEHRIAHETH 2 & &, ME{REM - THRIRED SHHIREEZ KD 5 Z BT E S,
L AN, —RITIIESL TRV (BROBENEIWND) 72D, KFKTEXA FITZTADARZADRDLD 2
SBRTZ ORIFRZIIET 5,

3. HHROEZ S 29HIREBICH L. 2h 2R MRS & T, Mo R . Mo R % R 522/ <
2%, BRI DOMIRED SR T BRI D2GEEDBH D, ZOEEERL t TRIUCIREY 25, D 2H
R BGEZ. DD 270, KIRE» SOHIREZTRICRRELE > TR 2B TERN, —H T, 2R
DD Y BRVIGER, BIREOHFROAD SUIHREE T—RICES 22 TE 5%, 2Ok, AlHiEEr, 2%
72 ¥ o THARBE DD A0 S WIHIREEICRN 2 B0 & W D sl Tikam 3 %0

ZOREKTIE. RRADKDH D, v A X —=FERHET 2 —BLEEHEXOBORAEEEICMIET 2 2%
T FHT. WIHHIREEAME M R E A B TIR O N B 5EITE. SRR RD S Z 2IdRWV, NADK D H OBlE
5k, MEROBESFMEOFERICH LT, 22N OIREEIHHE L2 al it Rl 2iEms 2 e AT E 5,
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9 Shoki Koyanagi (Kyoto University)

Classical and quantum thermodynamics described as a system—bath model: the dimensionless min-
imum work principle

We develop a thermodynamic theory applicable to classical and quantum systems described as a thermody-
namic system—bath model that can treat isothermal and thermostatic processes.

We have studied the isothermal process for the quantum system using the quasi-static Helmholtz energy and
the Kelvin—Planck statement (or the minimum work principle) [1][2][3]. In this presentation, we extend the
Kelvin—Planck statement to the thermostatic regime.

Our argument is based on dimensionless minimum work principle, which allows us to evaluate not only work
but also heat when evaluating thermodynamic potentials. Thus, Planck function, Massieu function and entropy
are obtained as the minimum values of the dimensionless work and heat evaluated from quasi-static changes
in these intensive and extensive thermodynamic variables, which can be converted to each other by the time—
dependent Legendre transformation. Using the thermodynamic functions above, we derive Helmholtz energy,
Gibbs energy, enthalpy, and internal energy. Our results were verified numerically for an anharmonic Brownian
system described in phase space using the low—temperature quantum Fokker—Planck equations in the quantum
case and the Kramers equation in the classical case, both developed for the thermodynamic systems—bath
model. Thus, we clarify the conditions for thermodynamics to be valid even for small systems described as

Hamiltonian dynamics, and establish a basis for extending it to non-equilibrium systems.

[1] S. Sakamoto and Y. Tanimura, J. Chem. Phys. 153, 234107 (2020); [2] S. Koyanagi and Y. Tanimura, J. Chem.
Phys. 157, 014104 (2022); [3] S. Koyanagi and Y. Tanimura, J. Chem. Phys. 157, 084110 (2022);
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10 %RH 1L (ZHIFEKFE)
Bell JERFRIEICUB AR/ DREREFIE L BNE DR

2020 £F, Hall 53~V OFEHICHE T 2 MEKFEZHAERRCTERILL, 5X oM/ CHSH HZHEHR S 5729
WHERMHENEHRED FRZEH Lz, —7, AR 513 2022 FIRALEBOBAZRELE L WS RETERKL,
PR & MEMRAFYE, CHSH EOBMGROERELZ L. L, ANOBHERFIEORE Lk d OEHAE R
TRZLERORZLFHEREZ Wb D o7z, Lehio TR T, 1EWANDISH Z QB HIEMR A2 H A
MR TERLL, GAoNLENEL CHSH HEO FTOMAMRED FRZEN L. B, AHKT Hal 50
BB T 2MBNRF vy v 2R R L T0E2, IhEFHT LI HIIL TS,

[1] J. S. Bell, Physics 1, 195 (1964). [2] M. J. Hall and C. Branciard, Phys. Rev. A. 102, 052228 (2020). [3] G. Kimura,
Y. Susuki, and K. Morisue, Phys. Rev. A. 108, 022214 (2022).
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11 36 3R (BEKF)
RFREVAIE R A ER E NIV AFA DN

—fC Bell O EHIE, BT80S RO, TRATE) (FEtEEzEx T kv n st
H) v M) (BHoOEHRIC»2DLTYEENELE > TS WIHIHER) OiE L IFESHW TRV 2 ERL,
¥ 72 OERBNZBRIE Bell DAFROMHA L LT RICHREIATNS, LrL, EBRIEE#RICD 5 —o HHIE
M), Fbb. EE (ERICE. RBALZER) CHEERRIBHNITH 2 L WO IREND 5, FEBE. RFTFEER
THoThH, FEMIMEEIE LTS Bell DARFERDK D /2R VETANFEET 2720, RFEERDED
WRTHHYETFET 2 LIS A8V, HIEHEEREMNT 2 2 2k, HEERPEA 2B L > THExhb
PEHET S (FRLKERRHHEEEEETZ) 12D, BIEZZRLENRVEEDNEZ IR H 2, LrL., HHE
FRRBEGREER LRV 225, MCHPEBERMIFEFICHE L 52 20D B AR FUIR SRV, 2D,
HIEMSEIAENBRIRED D TH B L HEZINETH D, = I TRMETIE, RFTEENE L HES O HHEE
723 H, MEMSIMEE RTINS BHILIET 2 E 2. KR, Bell DANERZ K T 2 HBEDEES
. ¥z, ZOETADPMEZEED No-Signaling ZHIK (BEREENTERWVEHBEORTERS) —HFT sk
R U7z, M7, HEREIC X o THIMANCHERPTRE R MHBICR 2 & . ZENAAREX 2l TR 2 G, 20
7z, TOMHBZEMANCAER T 2 HTESFE LRV BT 07z, DF D EFHBIIE AN RATRE TR L
EWVWIHERIEIED LRV e ol 2B, OB, Accardi 5DOAX VLA VIR ERT 2D IRBH.
A THEREERROIELWEREEZ 5 Z 212X D, Accardi 5 DFRAEDIAED BT 2,
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12 #5744 BE (ZHIEKT)
BFRBSAEOBL M RTOREOHR— LECEHBHEICL3770—F

VLA, [RIREHIE A A] BEME: 2 B A FTE S 2 SIS FICAT bR T W 3. [RRHAIE R AT REME % 2 B RIS 3G 3§ 2 75
B2 72 D23 2 %3, Heinosaari H 3B FIREEZHIR L7258 ORIHIERTREE 2B X 2 2 2T, ZORTIcE
SERMEER L. 2L T, /4 XDOMEICE > CTRFHERATEESWHAZET 2MEOFEEZRLE [1).
L2 L2 OBEOBRNZMEIZRD s TRy, RifFFE, ZoOBEOERNRERREST 2 22BN T 5.
Txix, BIE LR PREOES EOFRREHIERATRENESS, BB g2 B IEEMFHEFE (SDP) KRE T
BRI ZHUCKD, HARIREBEARREZ 5221k D, Heinosaari 5ORED FRZGH L % Z & A ATHE
L%, ZORER, BIEX Heinosaari &R U7-#iF & D PRO#HIPHIICBWTEET 2 Z L 2RE L 7.

[1] T. Heinosaari, T. Miyadera, R. Takakura, PHYSICAL REVIEW A 104, 032228 (2021).
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