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John A. Wheeler, 1990 (75 v 7k —ILDGRE)

“It from bit symbolizes the idea that every item of the
physical world has at bottom ? a very deep bottom, in most
instances ? an immaterial source and explanation; that
which we call reality arises in the last analysis from the
posing of yes-or-no questions and the registering of
equipment-evoked responses; in short, that all things
physical are information-theoretic in origin and that this is a
participatory universe.”
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Examplel: Ultracold bosonic atoms in optical lattices

Published: 02 December 2015

Measuring entanglement entropy in a quantum many-
body system

Rajibul Islam, Ruichao Ma, Philipp M. Preiss, M. Eric Tai, Alexander Lukin, Matthew Rispoli 8 Markus

Greiner &

Nature 528, 77-83 (2015) | Cite this article

H=—IZEF:{,‘+ %Zﬂg{ﬂg— 1) (4)
(i,j) i

Example2: Trapped-ion quantum simulator

Current Issue First release papers Archive About v

Science

REPORT

f ¥ in o %
Probing Rényi entanglement entropy via randomized measure-
ments

TIFF BRYDGES . ANDREAS ELBEN PETAR JURCEVIC . BENOIT VERMERSCH CHRISTINE MAIER BEN P LANYON PETER ZOLLER . RAINER BLATT

AND CHRISTIAN F RO0S Authors Info & Affiliations

SCIENCE - 19 Apr2019 « Vol 364, Issue 6437 + pp. 260-263 +
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[2] /D EFif (QFTs)
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75y 9 1F—I)L - T kAE—2HK [Bekenstein-Hawking]
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[1972-1976]
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(4-2) T—IFE A (AIS/CFT3t )

OS5 74— RETHEL IS
77— BB AX G (ADS/CFT*t )

AdS/CFT

DHIRFTER Koy 3 —B5ZE

(AdSZER)) IZ & H’%)
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Bam (B % o

— R AR % i
(GREN) DEBR

ROFHRZ:
— A& A o B
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[Maldacena 1997]
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AdSZER (R FY vy 4 —22R9. Anti de Sitter Space)

BDOFHEER(
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| (Hyperbolic space)

ds® = R{dz
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=CFTMWHFTE

J =4
=

REDRAT—IVIIRTFLLGWVWER, BEENEODHFDEFR,
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1] FEGRFZE (RO 574 —HV7E THLBRE R E EIEETA)
RCY D E N DD RITIE/BFARIZ D EIREN R ? [ZFE-Z#0 2010]
R'C EDEHERID-1IRTIKE LD I—D")YECFTER®?

[Celestial holography: Pasterski—-Shao—Strominger 2017]

2] FOwA—B% (FHARDEBINE) | g |
DHRTTFSvE—H 2D ENER
>DRyzEBkEm LD —)yRCFTER*T?
[dS/CFT: Stromimger 2001,...Maldacena 2002,.....]

; dS/CFT®D EL{EP (#-mm-=m-5# 2022, PRL Editor’ Suggestion ] ~

— 3k 3L
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+2 " 2Gy
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® RATS71499-TB3T LAV T FAE—HEE)
EEELLELOHERFE T, CFTOEEAAIS/CFTXGZEALVDE

el

FR /N

~ [Area(Ty)]
S, = min
r, | 4Gy
l S NHEmOEFMHIEZINBR
[Faulkner-Lewkowycz—Maldacena 2013]
~ |Area(I'y)
$q=min|— -+ Sbutk (M y4)

['4 N NI DEE

|E (Minimal surface) [ADEBE CTREINDIEMNTESNT-:

HEEZA X (RT/HRTAR) r=-=#1 2006] ]
18 D CFT = /\NJLYD(AdS)

AdS/CFTxt i
D EHEH

XFA

B

MA
/P/’;'l/‘zﬁ‘) LAV K-y

XEFHEIZIREFET 2B =TI, /MmO KHY I ZAB{EH E(Extreme surface)Z{#,
[Hubeny—Rangamani—&#il 2007,---.Engelhardt-Wall 2014,..]
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BB E A AdS3/CFT2

AdS3/CFT2I2HEWNT RAGT S T749 Y
AEEIX. 2SO0 RIMPEEELEZLLY |I
I 2l
_2Rlog— A

V% —7° a

3R L 2l
C= = S, “lo
2GYy 4G, 3 g[ a)

[Central charge(FRIDETR): [BOEGHDTERE
Brown—Henneaux 86] Holzhey—Larsen—Wilczek 94Z B 1H ! ]

L=2R£dz

2RIFTTCFTO XYE#HITIFZEE L. SRITTOCFTTIL . HEEIXEEZEI D
HRZBHIHICMA., 3§%‘%CFT( I 5%Z<NDFETE5Z 5,

HEERTACFTICEWCEFIBERELZTETHMDOFE
SEBXFEOF A BFEL =T FaE— [FAE-Yaakov 2013]
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| [EAE R O T B

..... g AN (d-2)d W [ mE R h Tt
FHRTOCFTTIE $BYAHE gl logFERRD RBDEHER

EHIEFEASOMEER [ CHIAR L F2Central charge

CDFOICFTOEHEIL,. EECE=1ETES,
LA L. FTRITH2LLEDDefectNTFET BG5S (FHEYAAEEFTHECRE
BRI SN, EEIXBEIFTITAELY, VNH—1EEE-TER-Ei2 2018]




P ikt (Strong Subadditivity) MEEEA
EFIEHROEARE L DITFERDBEIEME A LEARYIZ

EEBHTE 4 ! [Lieb-Ruskai 73]
CEBD >

A A
B _ > B
C 8 C> = Spg T 9pc 2 Oasc + 98

[Headr ick—-=#0 2007]
| TEFEHROFREX=RALO=AREX) L1455 ! |

E(L., KV A ZF K (Monogamy of Mutual Information)hY

HHENERETIEEANS: (A:BC) > I(A:B)+ I(A:C)
E;Ejj§j]%—@_ﬁglzﬁﬁhé/[Hayden—Headrick—Manney 2011]
FAEIEHRE : 1(A;B)=S,+S, —S,s

[Z#DEEE=>T Y FPAE—MAM: Bao—Nezami—KZE-Stoica-Sul ly-Walter 2015]
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BFIVAVTIARETA D231 FER
Slp, +4p, 1p)=AS —AH =0, (p =e™),
‘*E?KII‘/H:I E—S(p||o)=Tr[p(log p-log o)]

. ~ [Casini—Huerta—Myers 13,
EEDE—ZA [AS , = AH 5| shattacharya-gpis-= 2 - 13

3

(t,x)

(@f ~8,-0: —I—%)ASA(t, x,1) = (0)(O) ot 0 13

1 1 [de Sitter space: de Boer—Haehl
1

—Heller—-Myers 16]
W—ERgW+AgW = T,
B EEQFE—ABIE. EBMT Ao 1842 HER L

[Raamsdonk et.al. 13, JEFRFZL NIL D iER: Faulkner et.al 17, =& f#—-Sarosi 17]
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[£f-2 - [f]-Mollabashi-= #l, 2020]

:_ngzazﬂ hzgfa Y 1— vacuum of H(J1)
= Y 2— vacuum of H(J2)

JA & 12 _ P1)(2] 112

D1 ?ﬁ%ﬁ = [ | =S

TeReanetAdReReee

.| S(r'?) o S(r?)

. S(p1) +S(p2)
=

L 1 " 1 L
0 15 2.0 2.5 3.0
H 2

10 322:0 25 30
N=16, NA=8 Y1 &Y2 ARGHHIDEDH
as = 5(1,%) +5(74?) - s(p}) — S(p3) > 0 735 !
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A5 KR4 [Penington 2019, Almheiri et.al. 2019]

. |Area(dls) Gravity | CFT
SA = Min 4G + SAUIS
—f Is N T
MARADEE 7rs5opy  BORTFH
> ST DEE . o TN 5L A TASVRAEH%E
BHTI>AOE I RTILAE iy
‘ Quantum
Extremal Surface
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(1) HEEDOEFHIE

CFTODEE THEHOEFES /\ILYDEE
> AdS/CFT ZEHIFELEN—RIETHETASUFAR /75,

2)LZVh - 7—LFK—1 Gravity
[Penington—Shenker—Stanford—Yang 19, ,
Almheiri-Hartman—Maldacena—Shaghoulian—Tajdini 19] l/j')j] : I CFT
- 2ZREUNEATETA TV FAR J— L=l 87
HEHTE S, |

3) 7N+ 574— (AdS/BCFT+7L—>7—IL )
— ZOTEUNLERCTHID., EEDORTICEATE 3,




HEE in AdS/BCFT (s 2010 NI 745Kt

[Island/BCFT duality:
£ AR-E 40 2202.08462 ]

) /

d+2 R STAdSEFZE

Induced griwity entropy

~ |Area(0dlIs)
SA = Min -+ SAUIS
IS 4'GN
d+1 RJITE J1(AdSd)

End of the world brane
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