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Motivations

Extremal Charged BH

: ST Cutoff AdS / Near Boundary
' gaws=  Effective CMT? P

Finite Temperature

Rindler Space/ /
Special CMT e

Horizon

AdS /CFT&CMT

v

-

M
embrane Near Rindler

\\ AdS Black Brane /

2015/11/20 Yun-Long Zhang & 15 pages

Black Holes




Black Holes << Lower dimensional Fluid

The horizon responds like a viscous fluid

Stress Tensor:

Tab :2(K'A,'ab — Kab)

Hawking Temperature:
hc®
StGM kg

Figure: R. H. Price and K. S. Thorne,
Phys. Rev. D 33, 915 (1986)
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Figure (Pisin Chen)

Near horizon limit » Rindler metric
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ds?, | = Yudz,dz’ = —r.dr* + dz,dz’.

Tab - 2(K'Yab — Kab).

\ §

2prn“|z;c = 2(8°Kab — abK) =0= 0T, =0,

2G " n" |y, = (K* — KpK®) = 0= T? - pT,,T* =0,

I. Bredberg, C. Keeler, V. Lysov, and A. Strominger, “From Navier-Stokes
To Einstein,” JHEP 1207 (2012) 146, arXiv:1101.2451 [hep-th].




T =T + TP + TP + 0%,

TS = pha,
T = ¢ (udInp)uguy — 210K,
T® - p-'{ [d1 K K™ + dyQup Q™ + ds(ud.Inp)?

+ dgu°0.(udglnp) + dsh®(cInp)(Falnp) ] uaus
+ [1KacKS 42K e @) 432005 +eihhy0.0,np

+ K (u°Delnp) + eo(h0.Mnp) (hidnp)] }.
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G. Compere, P. McFadden, K. Skenderis and M. Taylor, “The relativistic fluid dual to vacuum
Einstein gravity,” JHEP 1203, 076 (2012) [arXiv:1201.2678 [hep-th]].




ds? = G dx*dx’ = =2pu,dx*dr + Gapdx?dx?,

where g, = gf,b) + gf,b) +g9,

(0) 2
Gab = — (r_r )uaub + Yab
’Cab _— hghga(cud), ( ‘
Gap = 2P(r = re) (WO Inpuguy + 2a(,up)),
Qb = hEhdrcugy,| 9an = 207 = T Kea™)uguy = 2uiahy 0K,
2hf'hbueaencd]

- KK + 2Kc(anb) -

1
Oau® = 2p™ Kapk +p(r - rc)z{ (2 Keakc*! + aca )“aub
aq + hi0, Inp = 2p~ 50, K2

-+ 2u(ah§) [adK:dc - (ch + ch)ad] - Qacs-"'cb}
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More Simple & Universal Relation?

A recursive relation between different orders?

Gravity < A special Fluid

Gravity & Riemannian Geometry

Petrov type | condition!

No more gravitational field equations

V. Lysov and A. Strominger, “From Pertrov-Einstein to Navier-Stokes,” arXiv:1104.5502 |hep-
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Algebraic Symmetry of Weyl tensors |~
By A. Z. Petrov (1954) b
In 3+1 dimension I“I\.\ _ D\
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Petrov type classification

pe D: Isolated massive objects [Kerr vacuum]
oe lll: longitudinal gravitational radiation.

oe N: transverse gravitational radiation [LIGO]

'ype O: Conformally flat [electromagnetic field]
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0. Py = C(Z)i(l)j = t’“m}’e"‘mjﬁc,waﬁ.

2P 4p =h§hg[(Tmc Tod = TmnTeq) U™ U™ — Tem de]

+AhShY [ — u™Om Teg + U™ Taym)
+ p2 [ T(T + p Trpu™u") + 4p u¢Oc T | hap.

R. G. Cai, Q. Yang and Y. L. Zhang, “Petrov type | Spacezime and Dual Relativistic Fluids,”
Phys. Rev. D 90, 041901 (2014) [arXiv:1401.7792 |hep-th]|.




Tab = PULUp - Hab’ e = Tabu“u 5 Hab = hghchd

H =2pep + (p — 1)e® + pM,pN»° — p?p?.

2P = — @M ap — Macl — 400N 4 — 41N Dpjuc
—4eap + [p (¢ + p) + 4p u“Oc Inp] hzp.




2@ = 0, 019 = pha.

H® =0 = @ = —2p~ 1K, K0,

P((12b) =0= H‘(lzb) = ]p—l [ —2K“ch - mc(anb) - 4Qachb
— AR B0, Dalnp — 4Ky (D, Inp)
+ 4(hg0cnp) (hydalnp)] .

T =0 Puguy, + phey + 1) + 12



T;g) = O + Iphaba

.-fi) = (¢'DInp)uaup — 2nKsp.

T3 =7 [diKapk™ + o232 + d3(DInp)?

+dyDDInp + ds(D. In p)?| ugtty + (c1Kack
+ @K c(aQ%) + 3QacQp + cah§h)0cdg Inp
+ sKap DInp + gD Inp Dy Inlp)} :

n=1,
dy=d3=dy=ds =0,

Co =03 =10 =C5=—C5 = —4.




Conclusions

A recursive relation of Rindler fluid
AdS/Fluid & Charged Fluid
Higher curvature corrections

Special properties near the Horizon regions
Equivalent choice of the regularity condition?
A criterion of black holes observation?
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Outlook

Rindler / 42_“*‘“ miokzon Cutoff AdS/ [ B°”“°'a"’_;> AdS /CFT&CMT
Special CMT Effective CMT

Towards Holography for Black Hole tn a Box

Thanks for your attention!
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Recursive relation for dual fluid?

Constitute relation of stress tensor

T%%x) = E(x)u®(x)u’(z) + P(x)P™(z) + II'{",];;, ()

Conservation equation: V.7"" =0.

Energy density < Pressure: State equation
First dissipative order: % = —290% — ¢ § P

, } , b | 1 |
o™ = Ve y? = poc ph (\‘. tq) “l’») : = V.u,

]
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