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From Initial to Final State in Holography
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Initial State  Collision Out-of- Hydrodynamics Final stage
equilibrium

Can we describe all the stages at strong coupling?

Yes! (up to the last one)

Shock Wave collisions in N=4 SYM

(Chesler & Yaffe 1 1)
(Albacete, Kovchegov and Taliotis 08, Grumiller & Romatschke 08)
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Shock Collisions at Different Energies

e/p* g/ p*

Holographic collision of two gaussian shocks

P: maximum energy density

W: width of the gaussian
proxy for shock energy w~ |/E
U: energy per transverse area
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Low Energy Shocks

e/ p*

-

» The shocks merge and stall

» No propagation in light-cone

» Dynamics well approximated
by viscous hydrodynamics

» A realization of
Landau hydrodynamics!
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High energy shocks
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» Shocks pass through each other

Transparency

» Some energy remains in the
light-cone

» Disturbed remnant shocks do
not behave hydrodynamically

» They decay after the collision

» Hydrodynamic plasma is formed
in the central rapidity region
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A Dynamical Cross Over

e/p* g/ p*
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Surprisingly Hydrodynamic

» Good hydrodynamic behavior from very early on

» Energetic shocks: Plasma develops after thya=/TTThyq =0.87/1

» Very large viscous corrections! Hydrodynamization

Chesler & Yaffe,VWu & Romatschke, Heller, Janik & Witaszczyk,
Heller, Mateos, van der Schee, Trancanelli

» Early behavior of pressures due to vanishing initial €
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Surprisingly Hydrodynamic
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» Good hydrodynamic behavior from very early on

» Energetic shocks: Plasma develops after thya=/TTThyq =0.87/1

» Very large viscous corrections! Hydrodynamization

Chesler & Yaffe,VWu & Romatschke, Heller, Janik & Witaszczyk,
Heller, Mateos, van der Schee, Trancanelli

» Early behavior of pressures due to vanishing initial €
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Non-Boost Invariant Initial Conditions
Eoc(T,N)/ €i0c(T,N=0)

€0c(T,N)/ Eioc(T,N=0)

» Gaussian rapidity profile

» Low energies: expected from Landau hydrodynamics

» High energies: relatively mild increase of width
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Towards p-A: Longitudinal Coherence
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» |n the center of mass of the “nucleus-nucleon” collision
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Towards p-A: Longitudinal Coherence
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Towards p-A: Longitudinal Coherence
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Towards p-A: Longitudinal Coherence

zu
» |n the center of mass of the “nucleus-nucleon” collision

» Midd rapidity region independent of collision system

» Maximum at y=0 and symmetric w.r.t center of mass
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Absence of Longitudinal Coherence

e/ u?

» Larger longitudinal structures
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Absence of Longitudinal Coherence

» Larger longitudinal structures
» Sensitivity to the colliding system

» Asymmetric distribution for asymmetric systems
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Holography and Physics at I-Scale

e/ u? e/ u?

Zpt

» Coherent response depends on longitudinal structure

» Structures of size < |/ TTThyd are not resolved by the
collision dynamics

» Structures of size < |/ TTThyq act incoherently
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Holography and Physics at I-Scale

» Holography provides a simple picture!
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Conclusions

» Shock wave collisions exhibit a dynamical cross over
» Low energy: full stopping = Landau hydrodyanamics
» High energy:

Transparency: energy propagation in the lightcone

Not-boost invariant initial conditions

» Longitudinal coherence on shock components

» Fluid c.o.m = collision c.o.m.

» Reflexion symmetric matter around the collision point

(near mid rapidity )
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