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D — o0

Many directions to interact: Mean Field?
Infinite number of graviton polarizations
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Schwarzschild-Tangherlini black brane (AF):

n

ds? = 2dtdr — (1 — :—n) dt? + 6;;do’do? + r2dQ,
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Schwarzschild-Tangherlini black brane (AF):

n

ds? = 2dtdr — (1 — :—n> dt? + 6;;do’do? + r2dQ,

iﬂj:]‘7"'3p

D=n+4+p+3
™~

Natural Expansion Parameter
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Large D ansatz (AF):

i g 2 : 1 o
ds* = =2 (wydt + “do*) dr — Adt* — ZCido'dt + —Giydo'do? + r%dQs,
n n n

New radial coordinate:
R=r"

Solve order by order in 1/D
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Leading order solution:

i g 2 : 1 o
ds* = =2 (uwidt + ~“do") dr — Adi* — ZCido'dt + —Gigdo'do’ + r*dS,.
n n n

m(t, o)

A=1
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Leading order effective equations:
orm — 0;0'm
Opi — 0;0 p;

— '.ipi

oym — o9 (L
T

p + 1 effective equations

Radial dependence solved analytically
No constraints to be solved

Invariant under Galilean boosts
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Hydrodynamic form: p; = Muv; + om

oym + 0; (mvi) =0
Oy (mv') + 9; (mv'v) +77) =0

Tij = —mdi; — 2md,vyy — mo;d; Inm
1
P=-m, s = 4mm, T'= —
47
47
nN=— C — 1]
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The Gregory-Laflamme instability
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R. Gregory and R. Laflamme (1993)
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The Gregory-Laflamme instability
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Sorkin’s critical dimension D. = 13.59

D < D, D> D,

stable UBS

stable
NUBS

unstable
NUBS

unstable UBS unstable UBS
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E. Sorkin (2004)
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Stable NUBS below the critical dimension

D < D, D> D,

stable UBS
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P. Figueras, K. Murata and H. S. Reall (2012)
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Onset of the Gregory-Laflamme instability:
Beginning of the NUBS branch

1 7 —242¢3) 38 5c(3)
L — 1 — 16 128
GL 2n + 8n? + n3 + n?
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Parametrization of the NUBS branch

17 —24+2¢(3) 95— 5c(3)
NGL = _2n+8n2Jr n3 " n4
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Parameter along
NUBS branch
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Parametrization of the NUBS branch

1 7 =B 42¢(3) 38 _5((3)
kGL_l_%+8n2+ n3 " n4
ai(€)  as(e)  az(e)  ay(e)
k(e):kg(e)(l—l— . + . + e + i + ..

/ kO(O) =1, 051(0) = —%, CEQ(O) — ga

Parameter along
363

NUBS branch as3(0) = ——= +2¢(3), u(0)= 93 5((3), ...
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The nested character of the effective equations
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The nested character of the effective equations
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The nested character of the effective equations

e
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The nested character of the effective equations
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The nested character of the effective equations

e
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The nested character of the effective equations
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The nested character of the effective equations

e
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The nested character of the effective equations

e

my (€, 2) 27
mile, z) = , 2~ 2
&) szjo n® ko(€)
my (€, z) = don + Z el (€) cos(qko(€)z)
q=1
pn(€) = don

Perturbatively in €

pn (€) s kole) , an(e)

Numerically
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Sorkin’s critical dimension (static)

D < D, D > D,

stable UBS stable UBS
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Sorkin’s critical dimension (static)

Q=11 . . D=12
0.000 0.0010 }
0.0008 |
~0.001} 0.0006 |
@l o 0] 00004f
< ~0.002} =
0.0002 |
0.0000
—0.003}
-0.0002 |
-0.0004 . . . :
—0-0040. ‘ 0.0 0.2 0.4 0.6 0.8
A A
D=14
0.00014F 0.0005 '
0.00012f 0.0004
0.00010F
0.00008 f 0.0003¢
w
312 0.00006} 21 00002}
0.00004 f
0.0001 }
0.00002f
0.00000 0.0000
000 005 010 015 0.20 000 005 0.0 0.15 0.20




4th International Conference on Holography, Raimon Luna, University of Barcelona

String Theory and Discrete Approach in Hanoi August 5, 2020

Sorkin’s critical dimension (dynamic)

D < D, D > D,
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Static solutions up to 1/D*
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Breakup estimate: Zero tension solution
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Breakup estimate: Zero tension solution

log M
D -3
—log D
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Conclusions

Black branes at large-D can be described by effective, hydrodynamic
equations during their time evolution. Once they settle down to a
stationary configuration, they can be seen as elastic membranes.

The effective equations are much simpler than the full Einstein’s
Equations and can be treated with modest numerical methods, or even
analytically.

The large-D expansion is able to correctly capture black string physics
at and even below the critical dimension.

We have been able to compute the critical dimension analytically, with
all the 3NLO results converging on the value D =13.6
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