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The celebrated 3/4 and /47
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Points: Lattice Monte Carlo. Curves: Perturbation theory
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These are static results, derived in AdS;/CFT duality from
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Paolchinski, cosmicvariance com /20
Physicists hawve found that some of the proper-
ties of this plasma ar= better modded (via du-
ality} as a tiny black hole in a space with exra
dimensions than as the = spectad clump of e
mentary particlss in the usual four dimensions
of spacetime.
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For smal

= ) 5 B oy
—i3 3 ] e T \L it ¥ /o) 3 e & = 0y
a=N2"_|1 — A+ Y5032 4 a)2log XA +bA2 + eX*2
- 0 | P o o

Pirsa: 07050060

A=¢g’N,. counting2+6+7/8x(4+4)=15

S e
! £ _ =
—m——— 25— 13T v Sllegl — SSleT — 24 — 2T s
| nm _ E .
o ML —yE 8L — x| /2 35k | logD

color massless dofs:

-+ EI\J [t_:t_[' p = Ty

Page 6/25




Expanding matter?

1-+1+2d Bjorken similarity flow: |
e(T) = 3p(T) =3aT”, n =9/ (T) /(4x) —=aT /%, a =5"N-/8, { =0
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Pirsa: 07050060 Page 7/25




For smal
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Expanding matter?

1-+1+2d Bjorken similarity flow:
T) =3p{T) =3aT" . 5 =9 (1) /Un) —aT’/x, 6 =="
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Search for time-dependent solutions of AdS,;.:
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General solution with boundary ~ Minkowski scales with =/ 7
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Boundary is r = oc, z = 0|

The region 0 < z < v =
part of interior of while hole + exterior of black hole.
rm=2%5=LJ/M -1 <r<r,=LJM <r<
Matter comes out of a white hole!

We will use r,, f drj to give the "area” of BH!
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Energy-momentum tensor in boundary CFT
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Unproblematic; but what is entropy density and 7: S = s(T)V =p/(T)}V?
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The = dependent coordinate singularity at r,, = 2L /v was used to get the expected T
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Effectively: scale static Tg.sby L)1, Tgrz = e
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Thermodynamics:
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Compare with ideal BE-FD 1+1d gas with N, = N = 40,10s:
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Just the same, no 3/4

Thermalisation: smallest 72 for which T =T.=
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Energy-momentum tensor in boundary CFT
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Thermodynamics:
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Just the same, no 3/4

Thermalisation: smallest 7 for which T =T, =
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Rotating metric

The time dependent form of the standard rotating BTZ metric is
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Similarity expansion in 1+3d
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Gravity dual of spherical similarity expansion would be a time dependent solution of
RJI’_\," — __I:g_'l_!r_w.; = |

with the symmetries (coordinates = f.7.6.0. =)
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7 3
s

Solution in 1+3 dimensions: r = r(t)
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Again a time dependent solution with a "horizon” at a(, z) = 0:
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Is there a coordinate transformation transforming away the #-dependence?

Boundary metric now is RW:

Brane gravity adds a brarm and Einstein with GG to determine r(t).
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(9(29(0)92) ) pw + ITI 49(2) * 9(2) |

+—~ Tt + t

CUrvature

trace anomaly /3

e =3p ~ T are known, T(t) =7, s = p/(T) =2, r(t) =?. Obvious that r{t) =t /1,
works nicely:

=N 1{ & 1) L #o
el(t) = L : L | = Tt = — g > 2
3 ¢ [:J‘:‘* T4 ] T2 | i

T ~ 1/713 follows if expansion is in 1d. thermalisation in 3d.
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Conclusions

1. Lattice QCD can determine purely Euclidian quantities, no real time.

2. AdS/CFT can compute real time correlators, but using time independent gravitational
backgrounds (linear response)

i | - -
ir 1 i 'L.jI ' il "_||I —= r_.l"ll_._r _'J[' ]

Ve ' JFT — €

— correlators between states at £t = —oc and £ = +c.

3. How does one handle processes starting at some t = 07 "Gauge invariant” formulation
— ? Can one derive new results for ¢ dependent processes from AdS/CFT?
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T ~ 1/7Y3 follows if expansion is in 1d. thermalisation in 3d.
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Again a time dependent solution with a "horizon” at a(t, z) = 0:
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Is there a coordinate transformation transforming away the #-dependence?

Boundary metric now is RW:
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Brane gravity adds a branm and Einstein with G4 to determine r(t).
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