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Far from equilibrium dynamics:

= at strong coupling

= hydrodynamization time

= 1C hydrodynamics

[J. Casalderrey-Solana et alii arXiv:1312.2956 [hep-th]]
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Far from equilibrium dynamics:

= at strong coupling

= hydrodynamization time

| IC hyd I’OdynamICS [J. Casalderrey-Solana et alii arXiv:1312.2956 [hep-th]]

AdS properties:
i supersymmetric
= conformal
N = o0
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Far from equilibrium dynamics:

= at strong coupling

= hydrodynamization time

| IC hyd I’OdynamICS [J. Casalderrey-Solana et alii arXiv:1312.2956 [hep-th]]

AdS properties:
© supersymmetrie
= conformal

= Ny — o0
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Far from equilibrium dynamics:

m at strong coupling

= hydrodynamization time

= 1C hydrodynamics

AdS properties:

SN oW oa
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[S. Borsanyi et alii arXiv:1007.2580 [hep-lat]]
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Non-conformal shockwave collisions
m General Relativity setup
= Scalar potential
= Interaction measure
= Viscosities
= Buchel bound
= Shockwaves Initial Conditions
= Hydrodynamization / equilibration time
= Temperature scan

Maximilian Attems, UB From high-energy collisions to hydrodynamicsin strongly coupled non-conformal theories



Einstein-Hilbert action with scalar potential in five-dimensional
bottom-up model:
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V(¢) depends on single parameter ¢, setting non-conformality
for this bottom-up model:

2 o Vo (L 1 Ve L 3o

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

(THY = —7O.

The source A triggers RG flow responsible for the breaking of
conformal invariance.

Maximilian Attems, UB From high-energy collisions to hydrodynamicsin strongly coupled non-conformal theories



Non-conformality measure as function of the temperature:
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Ratio of bulk to shear viscosity as a function of temperature:
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non-conformal behaviour reflects in transport coefficients
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Violation of Buchel's bound at low temperatures:
du=1
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Maxima of speed of sound and bulk to shear viscosity different!
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5D metric Ansatz in Eddington-Finkelstein:

ds? = —Adt? 4+ ¥2 (edei + e_2Bd22> + 2dt(dr + Fdz)

Field theory interpretation:

Defined by energy density

Move in AdS5 space

Demand that shockwaves move at speed of light

Quantum state/AdS geometry completely fixed for pure gravity

Homogeneous in transverse plane (‘infinite nucleus’)

Future O0AdS

horizon
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Hydrodynamics assumes

0.02 mean free path goes to zero:
0T =0
0.01 THY — (6 + p)uﬂuu + pgh
- ™+ (N(gh” + u*u”)
0. -

0.02 Hydrodynamization:

’PL,T — Pll_lflﬁ’ /IS < 0.1
0.01

Equilibration:

0, " 5 3 10 |P— Pey| /P < 0.1

hydrodynamization # equilibration # isotropization
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First simulation of a holographic non-conformal model for
heavy ion collisions

New relaxation channel from bulk viscosity:
hydrodynamization without equilibration

Hydrodynamics works at early time (though max delayed ~ 4)

despite non-trivial equation of state
despite sizeable (/s bulk viscosity over entropy

More studies are on the way:
Systematic exploration of parameter space on MareNostrum
Asymmetrical collisions
Holographic energy scan
Different potentials
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Backup: Energy density

Evolution of the energy density (¢p = 5)
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Temperature dependence of the VEV of the scalar operator (O)
for several values of ¢py. (O)g = k2 (0)1 /L3, € —3p=NA(O).
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anisotropic pertubation Zupiso = € 2A(hy — hay)
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