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@ Motivation
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QCD

A non-Abelian gauge field theory with Lagrangian

Lacp = ¥ (i(y*Dy)j — méy) o) — 4quGW

@ The theory of strong interactions
@ Very difficult to study

@ Peculiar properties:

e Confinement
o Asymptotic freedom
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A new phase: Quark-Gluon Plasma

@ T < T.: Hadron Gas. Colour
is confined;

o T~ T,~ 10"?K: Rapid
crossover;

@ T > T.: Quark-Gluon Plasma.
Gas of quarks and gluons;
colour is liberated;

In today’s large accelerators, QGP can be created in a heavy-ion
collision
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Ultra-relativistic heavy-ion collisions
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two nuclei approach, collide, form a QGP, the QGP expands and
hadronizes, finally hadrons rescatter and freeze out
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AdS/CFT

N = 4 super-Yang-Mills is dual to IIB string theory on AdSs x Ss

[Maldacena, Gubser, Klebanov, Polyakov, Witten 1998]

Black hole

u , @ We can learn about strongly
DR e coupled phenomena through
gravity computations

Zilhao (UB) Collisions in Non-Conformal Theories GR21, 12 July 7/21



AdS/CFT

QCD N =4 SYM
@ non-conformal @ conformally invariant
@ confinement @ no confinement
@ not supersymmetric @ supersymmetric
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e Formalism
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Formalism

Einstein-Scalar

R
R/,LV — Egl“, = 87TTMI/,
oV

Dqszaiqsa

where
87T = 20,00,6 — G (97000050 +2V(9)) .

_ .32 14 1 T\ 6
v =35 - 50 (gt ag) €

1 2¢4 ¢,

oM is a free parameter
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Formalism

Scalar field

Deforming N = 4 Super Yang-Mills with a dimension 3 operator O dual
to the scalar field ¢

A
We choose V to interpolate x

between two AdS spaces:

z=-Inr
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Potential shapes
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Formalism

Characteristic formulation

D = 5 metric in Eddington-Finkelstein coordinates
ds? = —Adf? + 72 (ePax? + e 28dz?) + 2dl(ar + Fdz),
Schematic evolution equations:

0,S = Hs(S, B)
010rB = Hp(B, S, 0:B)

Zilhao (UB) Collisions in Non-Conformal Theories GR21, 12 July 13/21



Formalism

Advantages of characteristic evolution

@ Initial data is free (no elliptic constraints on the data);

@ No second time derivatives (therefore smaller number of basic vari-
ables);

@ Equations have convenient hierarchical structure in which variables
are integrated in turn in terms of characteristic data from prior
members of the hierarchy.
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Formalism

Initial data

2
ds? = CLLZ + é? “)(—dz+dz, +dx3) + f(u)h(z)dz3
2 o\ Gt 2
ot (o)t
M
ANu

z /1_|_¢ou2

Using the Gaussian profile (h height, w width):

3
h(Z:t) _ K efzi/sz

wv2r
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Quasi-Normal Modes
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@ Excellent agreement with perturbative computations

Zilhao (UB) Collisions in Non-Conformal Theories GR21, 12 July 17/21



Convergence analysis
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@ Results show fourth order convergence
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Hydrodynamics: pressure evolution

) _PL

0.02

T = (e + p)utu” + pg"” + nn+
+ ¢M(g"” + utu”)

0.01

Hydrodynamization:
0.02

‘PLVT - Pff;i) /P <01

0.01
Equilibration:

0, |P— Py /P <0.1
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Final Remarks

@ Collisions in AdS spaces provide convenient framework to study
heavy-ion collisions.

@ First simulation of a holographic non-conformal model for
heavy-ion collisions.

@ Hydrodynamics becomes successful even before the equation of
state is satisfied (equilibration).

@ TODO:

@ explore parameter space;
e asymmetrical collisions;
o different potentials;
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