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In this talk | will concentrate on some recent applications to
quark-gluon-plasma physics...

Many other applications...
c.f. plenary talk by Zvi Bern

4/20



In this talk | will concentrate on some recent applications to
quark-gluon-plasma physics...

4/20



In this talk | will concentrate on some recent applications to
quark-gluon-plasma physics...

Many other applications...
c.f. plenary talk by Zvi Bern

4/20



Why use AdS/CFT for quark-gluon plasma physics?

5 /20



Why use AdS/CFT for quark-gluon plasma physics?

Problem:

5 /20



Why use AdS/CFT for quark-gluon plasma physics?

Problem:

» QCD plasma produced at RHIC/LHC is most probably a strongly
coupled system

5 /20



Why use AdS/CFT for quark-gluon plasma physics?

Problem:

» QCD plasma produced at RHIC/LHC is most probably a strongly
coupled system

» Nonperturbative methods applicable to real time dynamics are very
scarce

5 /20



Why use AdS/CFT for quark-gluon plasma physics?

Problem:

» QCD plasma produced at RHIC/LHC is most probably a strongly
coupled system

» Nonperturbative methods applicable to real time dynamics are very
scarce

» Conventional lattice QCD is inherently Euclidean

5 /20



Why use AdS/CFT for quark-gluon plasma physics?

Problem:

» QCD plasma produced at RHIC/LHC is most probably a strongly
coupled system

» Nonperturbative methods applicable to real time dynamics are very
scarce

» Conventional lattice QCD is inherently Euclidean

AdS/CFT works equally well for
Minkowski and Euclidean signature

5 /20



Why use AdS/CFT for quark-gluon plasma physics?

Problem:

» QCD plasma produced at RHIC/LHC is most probably a strongly
coupled system

» Nonperturbative methods applicable to real time dynamics are very
scarce

» Conventional lattice QCD is inherently Euclidean

AdS/CFT works equally well for
Minkowski and Euclidean signature
— study similar problems in N'=4 SYM

5 /20



Why use AdS/CFT for quark-gluon plasma physics?

Problem:

» QCD plasma produced at RHIC/LHC is most probably a strongly
coupled system

» Nonperturbative methods applicable to real time dynamics are very
scarce

» Conventional lattice QCD is inherently Euclidean

AdS/CFT works equally well for
Minkowski and Euclidean signature
— study similar problems in N'=4 SYM
— generalize later to other theories

5 /20



N = 4 plasma versus QCD plasma

Similarities:

6 /20



N = 4 plasma versus QCD plasma

Similarities:

» Deconfined phase

6 /20



N = 4 plasma versus QCD plasma
Similarities:

» Deconfined phase

» Strongly coupled

6 /20



N = 4 plasma versus QCD plasma

Similarities:
» Deconfined phase
» Strongly coupled
» No supersymmetry!

6 /20



N = 4 plasma versus QCD plasma

Similarities:
» Deconfined phase
» Strongly coupled
» No supersymmetry!

Differences:

6 /20



N = 4 plasma versus QCD plasma

Similarities:
» Deconfined phase
» Strongly coupled
» No supersymmetry!

Differences:

» No running coupling

6 /20



N = 4 plasma versus QCD plasma

Similarities:
» Deconfined phase
» Strongly coupled
» No supersymmetry!

Differences:

» No running coupling — Even at very high energy densities the
coupling remains strong

6 /20



N = 4 plasma versus QCD plasma

Similarities:
» Deconfined phase
» Strongly coupled
» No supersymmetry!

Differences:

» No running coupling — Even at very high energy densities the
coupling remains strong

» (Exactly) conformal equation of state

6 /20



N = 4 plasma versus QCD plasma

Similarities:
» Deconfined phase
» Strongly coupled
» No supersymmetry!

Differences:

» No running coupling — Even at very high energy densities the
coupling remains strong

» (Exactly) conformal equation of state — Perhaps not so bad
around T ~15—-25T,

6 /20



N = 4 plasma versus QCD plasma

Similarities:
» Deconfined phase
» Strongly coupled
» No supersymmetry!

Differences:
» No running coupling — Even at very high energy densities the
coupling remains strong
» (Exactly) conformal equation of state — Perhaps not so bad
around T ~1.5—-25T,

» No confinement/deconfinement phase transition

6 /20



N = 4 plasma versus QCD plasma

Similarities:
» Deconfined phase
» Strongly coupled

» No supersymmetry!

Differences:

» No running coupling — Even at very high energy densities the
coupling remains strong

» (Exactly) conformal equation of state — Perhaps not so bad
around T ~15—-25T,

» No confinement/deconfinement phase transition — Even at very
high energy densities the coupling remains strong

6 /20



N = 4 plasma versus QCD plasma

Similarities:
» Deconfined phase
» Strongly coupled
» No supersymmetry!

Differences:

» No running coupling — Even at very high energy densities the
coupling remains strong

» (Exactly) conformal equation of state — Perhaps not so bad
around T ~15—-25T,

» No confinement/deconfinement phase transition — Even at very
high energy densities the coupling remains strong

One can pass to more complicated AdS/CFT setups and lift the above
differences
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access using other methods

» Discover some universal properties? (like 7/s)

» For N' = 4 plasma the AdS/CFT correspondence is technically
simplest

» Use the results on strong coupling properties of A' = 4 plasma as a
point of reference for analyzing/describing QCD plasma

» Eventually one may consider more realistic theories with AdS/CFT
duals...
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1
P, z)dxtdx” + dz®
ds? = 8 (X", 2) ZX2 X taz = gggdxo‘dxﬁ
1
Compute the time-evolution by solving (numerically) 5D Einstein's
equations

1
Ras — 5833 — 6835 =

!

Extract physical observables (like ( T#”(x”))) from the numerical
geometry

8 /20



What physics can we extract?

9/20



What physics can we extract?

9/20



What physics can we extract?

» Asymptotics of g, (x”,z) at z ~ 0 gives the
energy-momentum tensor T, (x”) of the
plasma system

9/20



What physics can we extract?

» Asymptotics of g, (x”,z) at z ~ 0 gives the
energy-momentum tensor T, (x”) of the
plasma system

> We can test whether T, (x”) is of a
hydrodynamic form...

9/20



What physics can we extract?

» Asymptotics of g, (x”,z) at z ~ 0 gives the
energy-momentum tensor T, (x”) of the
plasma system

> We can test whether T, (x”) is of a
hydrodynamic form...

» We can check for local thermal equilibrium

9/20



What physics can we extract?

» Asymptotics of g, (x”,z) at z ~ 0 gives the
energy-momentum tensor T, (x”) of the
plasma system

> We can test whether T, (x”) is of a
hydrodynamic form...

» We can check for local thermal equilibrium

9/20



What physics can we extract?

» Asymptotics of g, (x”,z) at z ~ 0 gives the
energy-momentum tensor T, (x”) of the
plasma system

> We can test whether T, (x”) is of a
hydrodynamic form...

» We can check for local thermal equilibrium

» The area of the apparent horizon defines for
us the entropy density

9/20



What physics can we extract?

» Asymptotics of g, (x”,z) at z ~ 0 gives the
energy-momentum tensor T, (x”) of the
plasma system

> We can test whether T, (x”) is of a
hydrodynamic form...

» We can check for local thermal equilibrium

» The area of the apparent horizon defines for
us the entropy density

0.10 0.15 020 0.
u (T§H?

9/20



What physics can we extract?

» Asymptotics of g, (x”,z) at z ~ 0 gives the
energy-momentum tensor T, (x”) of the
plasma system

> We can test whether T, (x”) is of a
hydrodynamic form...

» We can check for local thermal equilibrium

» The area of the apparent horizon defines for
us the entropy density

» We observe some initial entropy
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Key question:

Understand the features of the far-
from equilibrium stage of the dynam-
ics of the strongly coupled plasma
system
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Bjorken '83

Assume a flow that is invariant
under longitudinal boosts and does
not depend on the transverse
coordinates.

Questions:

1. When does hydrodynamics become applicable?
2. Is T, there approximately isotropic?

3. What characterization of the initial state determines its transition to
hydrodynamics?
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1. As a measure of energy density introduce the effective temperature
(= temperature of a thermal system with the same energy density)

2. Form the dimensionless product w = T - T

3. For all initial conditions considered, viscous hydrodynamics works
very well for w = Ter - 7 > 0.7

(natural values for RHIC: (79 = 0.25 fm, To = 500 MeV/') assumed in
[Broniowski, Chojnacki, Florkowski, Kisiel| correspond to w = 0.63)

4. The plasma system is described by viscous hydrodynamics even
though it is not in true thermal equilibrium — there is still a
sizable pressure anisotropy

ApLzl—£~0.7
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5. No singularities on the real axis suggest the existence of a Borel
resummation
c.f. Lublinsky, Shuryak on linearized resummation
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1. Evolution from Glauber model like initial conditions at 7;,; = 0.12 fm
(radius ~ 6.5 fm)
2. Very good agreement with hydrodynamics from 7 = 0.35 fm (away
from the edges)
3. Radial velocity profiles extracted
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4. Gaussian rapidity profile at mid-rapidity
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Summary

» AdS/CFT provides a very general framework for studying
time-dependent dynamical processes

» The AdS/CFT methods do not presuppose hydrodynamics so are
applicable even to very out-of-equilibrium configurations

» AdS/CFT may fill in gaps in our knowledge of the early
nonequilibrium stage of plasma evolution

» We can get novel qualitative insight
» Move closer to model realistic collisions

» Still lots of questions and extensions...
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