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Figure 1 (Color online) A conceptual image of the black hole

I JUAER, FERIAT G SR B A A —
FriB 3 RIS 27, ol I AR 2 [ o i) SRR R T 2
R F I — DR BRI e M. 35 4 B Smarr
KARBCR 7RI BT B LR T 2 B Y
R, BB EERIR], TR RS e AL
GER AR P 2 —E B, T2, N 1 ICHECSmarr R AR
T 22— e, W BT A W R A B M) 22
ARHERANEE, BRI R R AR AR R
S e Rl S A HAWRE S SR, RIRFRER T, X LEH
BSHARN SN AR T . IS Z, Smarr
RENERIVES 20— Rt TR, 51 TR
GiEE EHIES CEAPIES v

R RIS 2 B W Y B R R BN .
Je, R I SO FE A PhIE B T A AR AL T
KI5, IR T — AR A SR BT 1o . SR
N2 AT ST PU /R AR LA A RO 7 B 21
Ji%, 3R L AR AT LUK SRR . AT 2,
AT 2 TR ) R SR 2R AT B T2
ot HOR, FEARFHIGHERE TS, HRTTA LR SR
RIXPR R A A A S B, RAETES I &
i, TR RO S i, A A e
BIHAKGRT 3R, T2 T O R, R R
M2 AE 2 A ) 55l B A T g 51 ) o
ARV 4R A .

VR — BT U, ¥ R A R Ay~ b b A7 A
TRZ IR RO, LEAn, T8 2 ) SCRIXE AR
A EORAL IR, RN B R ROZRE A AR P X
SLESRAL SCHRE A — A B A B HESL h ) — i 7%,
TEIXAHESE R, TR A — D AR Y B, T
FA BB TS S ke . ARG SCRR[ 1248 At T —4N g

1672

AR SR AR,
CES:1e

iR BRI 2= — A EE SR, MRS
BRI A2, ERERZ RS SIS R, TR R
wkH, R A 2R —E A R R R N e R A R R
ZJE TR IR b S R B A AR A . SR, R
TEHRME - LA RN, FNEERE
TARIE—F AN, T EAEAR T 5] 1 BIe AR £

TeNTIT I BT R e T XA K e B4y &
BRI, FERARR R RIS G NS, R
TR R AR TFB. IRATANE, EEnRRE T ahE g
RETH YL M TEM . 72014290448, Hik/Ri#E
(Wald R)FE NIRRT — &M YA 2 [R5 h
REWITE, EEWIISHERR AR EB (Tyer  V)FTIR/RK
T 904AE IS e, PRI I AN VU Bl i Ty er- Wal dF
Aok, XETHMAMEMSE, LIETL0E T 304,
PR AR JR A 04 SR SCERE (A 2 JJ AR S T il X B vk
Al AR Gy e 5| 1 RGP AR, Hange s
gt R, B ARG T RS RIS N B
LB LER. fRTEAHIE, AETyer-WaldIE AL Jr b, TEAE—1NEL
2R IR R T 2 RN TC 55 AL, 7 I LS
T, B4 AR ST AR B R A S B T TC o5 A, ‘B4
AR BRI A RE RS, PR T S S T RIF
2 A Smarr e & FIF ) 255 —E .

BESR Tyer-Waldfe AL 5 7T LS HH A2 G ) SRR 44 2%,
PATVEBRAEI, X HAATIE YR, R LSRR
B BRI 242 TR, fElyer-WaldIE2U L ik, 15T
K 20 SO HAR A S5 AR 4y, HRSCRelS B 2R 5
R 225 — e . B BRI SR L), A58 T &
AP SRR, XA TR R . —,
T THERAPI2EZHRZ RS, AT,
SR Tyer-WaldJE AL T e o] ARG R R nd SRR 2, 1R
Tyer-WaldfE 34k 5 e A% B W] LU 15 G5 A 2B 3 30 2400
B, BT EEA RGN TR R R R
EHRE SR 2R, A RIR Sk, TR R
By FL4E B B A 2R X TR R S Schwarzschild-
AdSZIR, AT A ARAR 0 Fe ik U -5 3R 0 LT A —
2, AT E ST 225 3CHR13,15]. SR, X TR R 240
Kerr-AdSHE{H, X—RRMELANTEM . X ERIE— B
AL E AR R A AL 52 A0, FRATTR 5 AR
R T IX—Ig. BBk, 72 & A TR (1 BTk,
Horr, XA P A B T 2R R B AR 42 S LT AR,
T PR AR B AT REIA B & M i 2w B, XX et
P S A 2 i B 0 T 2 Tk H A8 ) (AR

RINEZ, XU TAERAE TR R385 Ehs
HEZE, DMPE ST fF— AN RS SERl 2 . e FRATM ik

AEASIE L IR 1 Ay 3k 7ok 15 5



i,

T2 AR R AR & 2 R S0 A T AR 3] R4 %, RATREEAFA—BT5 | Ty AR Y B A 22 5 5% RS At

fhsE ORI, JE 1 2 Xy TR S 2 AL, STy Giid:upe by vl

P 1 Sk

(o N R RV L

Bekenstein J D. Black holes and entropy. Phys Rev D, 1973, 7: 2333-2346

Hawking S W. Particle creation by black holes. Commun Math Phys, 1975, 43: 199-220

Maldacena J. The large N limit of superconformal field theories and supergravity. Adv Theor Math Phys, 1998, 2: 231-252

Kastor D, Ray S, Traschen J. Enthalpy and the mechanics of AdS black holes. Class Quantum Grav, 2009, 26: 195011

Kubizidk D, Mann R B, Teo M. Black hole chemistry: Thermodynamics with Lambda. Class Quantum Grav, 2017, 34: 063001

Wei S W, Liu Y X. Insight into the microscopic structure of an AdS black hole from a thermodynamical phase transition. Phys Rev Lett, 2015, 115:
111302

Wei S W, Liu Y X, Mann R B. Repulsive interactions and universal properties of charged anti—de Sitter black hole microstructures. Phys Rev Lett,
2019, 123: 071103

Ahmed M B, Cong W, Kubizinak D, et al. Holographic dual of extended black hole thermodynamics. Phys Rev Lett, 2023, 130: 181401

Al Balushi A, Hennigar R A, Kunduri H K, et al. Holographic complexity and thermodynamic volume. Phys Rev Lett, 2021, 126: 101601
Gwak B. Thermodynamics with pressure and volume under charged particle absorption. J High Energy Phys, 2017, 11: 129

Harlow D, Heidenreich B, Reece M, et al. Weak gravity conjecture. Rev Mod Phys, 2023, 95: 035003

Frassino A M, Pedraza J F, Svesko A, et al. Higher-dimensional origin of extended black hole thermodynamics. Phys Rev Lett, 2023, 130: 161501
Xiao Y, Tian Y, Liu Y X. Extended black hole thermodynamics from extended Iyer-Wald formalism. Phys Rev Lett, 2024, 132: 021401

Iyer V, Wald R M. Some properties of the Noether charge and a proposal for dynamical black hole entropy. Phys Rev D, 1994, 50: 846-864
Dutta S, Punia G S. String theory corrections to holographic black hole chemistry. Phys Rev D, 2022, 106: 026003

1673


https://doi.org/10.1007/BF02345020
https://doi.org/10.4310/ATMP.1998.v2.n2.a1
https://doi.org/10.1088/0264-9381/26/19/195011
https://doi.org/10.1088/1361-6382/aa5c69
https://doi.org/10.1103/PhysRevLett.115.111302
https://doi.org/10.1103/PhysRevLett.123.071103
https://doi.org/10.1103/PhysRevLett.130.181401
https://doi.org/10.1103/PhysRevLett.126.101601
https://doi.org/10.1103/RevModPhys.95.035003
https://doi.org/10.1103/PhysRevLett.130.161501
https://doi.org/10.1103/PhysRevLett.132.021401
https://doi.org/10.1103/PhysRevD.50.846
https://doi.org/10.1103/PhysRevD.106.026003

	黑洞热力学: 起源、拓展及其理论结构

