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. Perturbative construction of stationary black holes

. Probes of AdS/CFT at finite temperature

.More general theories of hydrodynamics (confined fluids)

. Fluid membranes | Cellular membranes
. Generic perturbations of black branes (viscous + elastic)

. Effective string actions, cosmic strings, entanglement entropy
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Zoom into horizon
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DBI-type action:
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Lagrangian strain:

infinitesimal
deformation

1
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contract with minimal surface
orthogonal vector
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Consider a fluid brane which is in stationary motion:




Stationarity implies: k0, = 0r + Q(“)B.;b(a)l

Therefore the action for non-extremal branes: ‘I[X“] = vV —ro(k)
Wpt1
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and hence the stress-energy tensor:

T = Xo(k)v** — Ap(k)ku®u® ‘ u®

identify: ‘p =Xo(k) , e+P=Ts=-X(k)k
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Wp+1 The generic action should be constructed from:
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hence consider:

I[XP’] = / 'C'(V - 1'}‘ab:kaavaa Kabiswaij)
W1

define the bending moment and spin current:




Multipole expansion of the stress-tensor:
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the dipole moment is the bending moment:
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the total spin is the integral over the current:
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The generic action is:
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. The first 3 transport coefficients were found in hydrodynamics
Minwalla et al, 12; Son et al, 12

. The next two in the context of biophysical membranes
Helfrich, 69; Canham, 70; Polyakov, 86; Kleinert, 86; Capovilla, Guven; 00

. The others are new




red blood cell: erythrocyte




Helfrich-Canham propose in the 70's
an additional piece:

This is enough to explain the
biconcave shape of the cell,
and many more! (see review by
Seifert (1997))

I[X*] = L V= (@ + MK'K;)
p+1

In the 80's Polyakov and Kleinert make the same proposal for an
improved action of QCD.

In the context of cosmic strings the most general elastic action to
second order and codimension > 1 is written down:

I[XP'] == V=Y (CE = AI-Kri-f'{i + A2KabiKabi -+ 'UQR)
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The hydrodynamic equations of motion are:

The elastic equations of motion are:
VaTab — uubvavcpacy. L DamRbaic

Ta,bKabi — ni.pvavbpabp 2 DabjRiajb

The spin equations of motion are:
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Integrating by parts, we obtain
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The contour integrals along the circumference of the plate are again omitted.
Collecting the above results, we have
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In order that this relation should be satisfied identically, the coefficients of
8 and 8u, must each be zero. 'Thus we obtain the equations

Eh? ) a g
e AN "'("xﬂ ‘_) =P (14.4)
12(1 - o%) Ox dx,

B0,[0x, = 0. (14.5)

The unknown functions here are the two components u,, u, of the vector
u and the transverse displacement £. The solution of the equations gives both
the form of the bent plate (i.e. the function {(x, ¥)) and the extension resulting
from the bending. Equations (14.4) and (14.5) can be somewhat simplified
by introducing the function y related to 0,4 by (13.7). Equation (14.4) then
becomes
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Equations (14.5) are satisfied automatically by the expressions (13.7). Hence
another equation is needed; this can be obtained by eliminating u, from the
relations (13.7) and (13.2).

To do this, we proceed as follows. We express u,; in terms of o, obtaining
from (13.2)
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The fluid becomes black:




The dipole moment takes the form: | pabi _ yabch dz‘ |
- C

The Young modulus is:
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A ring embedded in flat space:

ds? = —dr? + R*d¢? |, k%8, =0, + N9,

The action is:

F[R] = —27R (P + I\leK,-)

The solution is: J.Armas, arXiv:1304.7773
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Phase diagram for black rings in D>=7:
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Numerics by: O. Dias, ). Santos & B.Way, arXiv:1402.6345
Leading order by: R.Emparan, T.Harmark, N.Obers, V.Niarchos, M.Rodriguez, 07
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The same can be done for charged branes:
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. Decompose the dipole correction as: 0000
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Split the gauge field as:
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The electric dipole moment is of the form:

JA, Gath, Obers, arXiv:1209.5197, arXiv:1307.504
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Phase diagram for charged black rings in D>=7:
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A summary of the results:

Perturbative method for constructing black holes in any theory of
gravity with p-branes

'

Future directions:

Applications to biophysical membranes, cosmic strings, long
strings, entanglement entropy, etc.

Camps; Dong; Castro, Detournay, Igbal, Perlmutter; Astaneh, Gibbons, Solodukhin; Myers, Smolkin;
Gregory; Capovilla, Guven; Aharony, Komargodski.

Effective theory for charged fluids coupled to external fields

1A, ).Gath, N. A, Obers, V. Niarchos, A. V. Pedersen (to appear)
AdS/CFT interpretation of the Young modulus | bending D3-brane
Anomalous couplings, Chern-Simons terms
Universality of transport coefficients

Full dissipative theory and non-relativistic theory.

Wity 4

Spinning actions and thermodynamics to all orders

. Armas, Troels Harmark (to appear)




