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Thermodynamics (1970s): Hawking Radiation

Bekenstein & Hawking, ...

. he? R
Hawking Temperature Tn =g myp—= 5

kA
4%,

Bekenstein-Hawking Entropy Sy =

Oth Law: constant surface gravity

1st Law:  dE = —dA+QdJ + 9 dQ.

O

. 2nd Law: non-decreasing of entropy

_ 3rd Law: extremal black hole is not possible
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Membrane paradigm(1980s): Effective Fluid

Doumer & Thorne, ---

Effective Description
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Stretched horizon

Conductivity & Viscosity
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Holographic Principle (1990s): Horizon encoding

Susskind & 't Hoofft, ...

Black hole Horizon

Gravity in the Bulk=
Theory on the light-like boundary

Cosmological Horizon

two-dimensional bounding surface apparently three-dimensional universe
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AdS/CFT Dua[itg (2000s): Maldacena & Gubser & Witten,et al

AdS/CMT Correspondence  Black Hole in a natural Box

Shear Viscosity 1~ = 5-dimensional
s 4dxk Black hole spacetime

Conductivity

Holographic Superconductor

Holographic Non-Fermi quUld ) 4-dimensional

spacetime
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5-dimensional
Black hole spacetime

4-dimensional
spacetime

Near Boundary

Pihtibldasl  Cutoff AdS/

W AdS /CFT&CMT
Effective CMT? |

Extremal Charged BH _;,f"- -

-

Rindler Space/ Cut-off
Special CMT

Horizon

Near Rindler

k AdS Bilack Brane

Membrane
Black Holes
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Relation with Membrane Paradigm

Black Holes <=> Lower Dimensional FlLuid

The horizon responds like a viscous fluid

Stress Tensor: Tab _Z(Kﬁ,ab o Kab)

Figure: R. H. Price and K. S. Thorne,
| Phys. Rev. D 33, 015 (1036) _______J

- Near horizon limit > Rindler metric
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Near Horizon properties of Black Hole

time

Template with echoes

membrane / firewall
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d.sfH_1 = Ywdzdz’ = —r.dr? + dz;dz’.

2prn“|gc = 2(8“Kab - BbK) =0= BaTab — 0,

2G 1’|y, = (K? — Ky K®) =0 = T? — pT,, T* = 0,
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T =T +T% + TS + 0%,

T(O) = Dhap
Ta.(;) — C’(Ucacllllp)uaub — 277’Caba
T2 = p W [diKwK® + doQapQ® + ds(usd,Inp)?

+ dyud(u?dalnp) + dshe(D.Inp)(alnp)] vats
+ [clnac cb +C2Kc(a cb) +CSQac cb +C4h§hgacadlnlp
+ 5K ap(u¢8eInp) + co(hS0.Inp) (hidalnp)] }
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A Simple & Recursive Relation

A recursive relation between different orders?

Gravity < A special Fluid

Gravity <& Riemannian Geometry

Petrov type | condition!

y - i . / . ':; ) —
Coyi(e); = ¥ mi-’l.“mj Cuvag =0

| - | Lysov & Strominger(1104.5502)
m; =0;, V2€=08,—n, V2k=—8y—n

No more gravitational field equations
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H® =0 = o2 = —2p~ 1, K2,

P2 =0 =12 = p~' [ —2K,.K¢ — AK o825 — 400825,
— 4hEhLD,Oglnp — 4K (uCO.Inp)
+ 4(hgﬁclnp)(hg('?dlnp)] :

Ty =ePuguy + phay + M) + 112
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Petrov type I condition

Obtain arecurrence relation P, = n'hin"hiChrerq

= Suy,up + Phy e OT(l)——QnOab_l_... P%O T(g):...

a

Rindler-Fluid —» | AdS Cutoff-Fluid | — AdS-CFT Fluid

Up to 2nd order
i Up to to 0™ order Up to to Oth order
How about Higher orders? Modified Condition? P

i : AdS/Rindler corr ndence?
Cai et al. 1401.7792 Y. Ling et al. 1306.5633 dS dler correspondence

JHEP 1304, 118 (2013) , Phys. Rev. D 90, no. 4, 041901 (2014)
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From AdS/CFT to Holographic Rindler Fluid
— with an Accelerating Screen

Flat Spacetime

5-dimensional
Black hole spacetime

4-dimensional
spacetime

Holographic Screen
the Time-like boundary

M

What is Rindler Fluid?

LJ ()
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

AdS Spacetime

Navier-Stokes Equations: Bredberg, Keeler, Lysov, Strominger [10’,11’]
Fluid/Gravity Expansion: Compere, McFadden, Skenderis, Taylor [11’,12’]
Entropy Current and Constraint: Chirco, Eling, Liberati, Meyer, Oz [12°,13’]
AdS/Rindler Correspondence: Caldarelli, Camps, Goutéraux, Skenderis [12’,13’]
Comparison with AdS/Fluid: Matsuo, Natsuume, Ohta, Okamura [12’,13’]
Recurrence Relation and Petrov type Cai, Li, Yang, Zhang [13’,14’]

Yum-Long Zhang “Holographic Screens in Flat Spacetime”


http://inspirehep.net/author/profile/Y.L.Zhang.1

Rindler Fluid with Weak Momentum Relaxation

>

S() = /dp_l_zm\/

167TGp_|_2

;zp:(c?ﬁbz)ﬂ o 87TGp+2 /dp+1:c\/_K\

J=ll

d8129_|_2 = —2ko(r — ro)dt* + 2dtdr + 6;;dx'da’

_ ]—9(7“ —70) (1 — re)k*dt? — (r = 7c) k20;datda? + O(k?),
4 2/4,()

\ qu — kmla XL = Xf = X1,X2y ..., LTp - /

/ . i ——1/pt 2 | kzsk \
Ward Identity 0 (T";) + Oipr = —T (IT75) — (Lo)k“Ov; + -+ . T, = - .

4m(ex + Pk)
- _ 1 4ws Ty, IR (£o)Tp K 6
w — ) — 1= k
Thermal Conductivity & EE— e — + O(k®)
2 1

Correctuon to Relaxatlon Rate bo=——— by = ——,

P el | BRI ETOr e, R Al .,L__, 2 e



http://inspirehep.net/author/profile/Y.L.Zhang.1

Cutoff AdS Fluid with Momentum Relaxation

Near Horizon

Rindler Fluid *" S

Near Boundary

W Cutoff AdS/Fluid PRt

ﬂUard Identity
8t(7'%>+8i75:—%c_1<7'2>—ch28tvi+--- ; 7_'6_12 —

Thermal Conductivity & Relaxation Rate
1 4n3.T. K [1 LT, K

Ry = ) T, = ~ 2
47T s, 1

K 1 —iwr. k2 €

AdS Black Brane with a Cutoff

r‘

Sub-Leading Correction

. T - r.&p(r.)
Near Rindler Ee =S (DRI s (pp_ 1) ] :

i

| Horizon VCut-off ‘
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Running From Conformal Fluid to Rindler Fluid

Near Boundary

™ Cutoff AdS/Fluid ==

Near Horizon

Rindler Fluid * % AdS/CFT Fluid

li_l;noo Ec = &oo = (p == 1)5}?(00)'
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II. Holographic dS Universe? — de-Sitter Screen

1) Holographic Stress Tensor — Dark Sectors

Modified Einstein equations

H 817G
> (Kguw — Kuw) = — Ty

1
T = e g :

Hamiltonian constraints

K% — Kk = R+ 2G 3 NMAN,

2) Embedding in higher dimensions — Brane World (DGPs)

1
R,ul/ o iRg,ul/ o 7:;/1\//[ = Tﬁ)
1
7;/\’//1 = (’ng - ’C,LLO')ICOI/ a Muv ) (ICQ " ’CPUKW) Juv

. d+1 d+1
MW/ T g,uMgVNR§WN) - g,uMNPgVNNQngP]\)fQ'

Ref: 1106.2476 g
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Compare with Verlinde's Emergent Universe

;ravitational quantity Elastic quantity Correspondence
Newtonian potential ® || displacement field wu; u; = dn;/ag
eravitational acceleration g¢; || strain tensor € ei;M; = —0ifag
surface mass density > || stress tensor O;; o;;n; = X;a
mass density p || body force b; by = —pagn;
point mass m || point force f; fi = —magn;

Holographic Universe vs. Emergent Universe?

7"2 ,OACQ
R pr
d—1 v T d—1

(T +T).
Constrain Equations

4
Ay =03 — S =~ 0.36%,
1
ACSZ — Q% — —QA(QD — QB) >~ —034% :
\ 2 y

Ref: R.G. Cai, S.Sun, Y.L.Zhang, to appear
LCDM Universe? H(a)* = H§ [Qa + (Qp + Qp)a™> + Qra™"]
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Relevant Topics of Rindler Horizon

Charged Rindler Fluid NAdS_2/SYK Models

Chaos & Butterfly Effects?Bglellele[E=Te11)'Aly WorldSheet Horizon?
| Khimphun, Lee, Park, Zhang, to appear | Flat Spacetime Cai, Ruan, Yang, Zhang, 1709.06297

|
Schwarzschild Black Hole

’ Accelerating EPR Pair

Membranes/Soft Hairs? Bell’s Measurement?
Cai, Ruan, Zhang, 1609.01056 Chen, Sun, Zhang, 1612.09513

Measurements Measurements

«—q a—»:'
z=C

2«0 b
w=b
Left Horizon Righl Horizon
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