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Abstract As one of the most famous problems in theoretical physics, the black hole

information paradox has long been regarded as an important way to study quantum gravity. A
core problem of the paradox is to give the Page curve for the evaporation of black holes. In the
past year, research on this issue has seen various breakthroughs. For the first time, researchers have
been able to reproduce the Page curve under the semi-classical gravitational framework, suggesting
that information can be released during the evaporation of black holes, with no information loss. This
article will describe the black hole information paradox and, in the order of historical development,
the latest achievements in this area, including the Hawking radiation, Page curve, holographic
principle, generalized entropy, quantum extremal surface, and quantum extremal island.
Keywords black hole information paradox, Hawking radiation, AdS/CFT correspondence,

entanglement entropy, generalized entropy
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. ER=EPR, BLE2013 4%, pRHTIREEMN S
IRIRPEABSE M, PR A KL 2 [R] A AH B 24 28 AT L)
fERE P 2 IRl ot — A~ BRI . XA SRR
123 5 W 22 (R 9 3 — % 7% #F (Einstein—Rosen
bridge), 7RBI SR, TS AAY A 0 2 R T —
W £ R — 2 7% (Einstein—Podolsky—Rosen) =
NE&FWE B, Wig® 72498, ER= EPR J5
AR T & H SRt 22 LA Z Al AT AR
KR, BARBEAUEMCIERIEA R I, HE
FRAT ) B AR N B B, KSR b 15 B
T ER=EPR iy, HEZEAE, BAINELAK
ZF T BB R SUER Rk, AT
BB 2 ANA KT ADS/CFT, i n] LAHE)™
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FE R S5 AR A%, ENRET
e ARG A gl B s 2w, B
BRI AL AN Q) B R % MR
i, R B B R R — Ao AR RE D —Fh
P T H Al o % 25 R M R on Ak iR R o T
X, BHFUH “BIEAR” (replica trick) Ffi#AT IE 4
RUE, Fihih, ARQME SLATLLE B

S, = yg}[(l —nan)log(Tr(p”))} , 7
FHEP ‘I IR AEZETEAXQ), m
REAN) RS W n ~EEE S, B
n=11RMR, —Bkik, =750 R2SEMNEBEH
Sy ek MEmRM T, W BT 45 DL R A2
oy, WAFTETCEFIAS R 0 Fh R 432 n A5
5. RN G AB ™, anFoks n A4 D5
AN AR B 5 & s mAH R & %
EA Y2 E T RNRLLT R % B2 A HHE
BB —FhrTRE, XAE, = FRumm, =20& = 1k
GRS B, W] LR AR B R FR 0 v AN il
AHEE A Z AR A o XA —Fh 2B i % st
PERRA ¥ DLHR” (replica wormhole), B —fi%
b, WFEEN B FTUAE 2 465 | ) T8I E T nE
Al RE R n A8 4 BT 0 R F0 5 B9 &5 R,
I8 2o fFE T R SR AR i T A% — A% 5 2 (Schwinger—
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