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Cause for despair

Naive application of resummed finite-temperature perturbation theory
to thermodynamics fails to converge at any reasonable temperature so

should we abandon it?
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Cause for (limited) hope
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Momentum Space Anisotropy Time Dependence
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The nature of the anisotropy

We assume that the anisotropic distribution function can be obtained
from an arbitrary isotropic distribution function by a change of its

argument.
k
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where mp Is the isotropic Debye mass
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P. Romatschke and MS, hep-ph/0304092.
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Anisotropic Gluonic Collective Modes (£ > 0)
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Anisotropic Hard-loop Effective Action

Require gauge invariance

!

Effective action for soft fields

Ssoft — SQCD - SHL

SHL = g/x/pf(P)Fﬁu(

() e

St. Mréwczynhski, A. Rebhan, and MS, 2004

/

Michael Strickland

p. 7/19



\_

3+1 Real-Time Lattice Simulation (Pure Glue)

Numerically solve the equations of motion resulting from the hard-loop
effective action on a space + velocity lattice.

JHIA] = —92/1) 2]11)] pt 35}56)W5(x V)

with
p- D(A)Wg(z;v) = Fgy(A)p?

This has to be solved with the Yang-Mills equation
D, (A)F" ="
where v = 0 Is the Gauss law constraint.

Rebhan, Romatschke, and MS, 2005; Arnold, Moore, and Yaffe, 2005
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3D SU(2) Hard-Loop Results
<p§ >/<pT2 >=0.1
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A. Rebhan, P. Romatschke, and MS, hep-ph/0505261
P. Arnold, G. Moore, and L. Yaffe, hep-ph/0505212
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3D SU(2) Hard-Loop Results — Linear growth
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A. Rebhan, P. Romatschke, and MS, hep-ph/0505261
P. Arnold, G. Moore, and L. Yaffe, hep-ph/0505212
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Kolmogorov cascade — Turbulent Fields

Non-Perturbative
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3D Colored-Particle-in-Cell Simulations (CPIC)

Hard-loop approximation strictly only applies when we
ignore the back-reaction of the particles on their self-
generated fields. How can we go beyond hard-loops?

t=1

Include back-reaction by solving collision-
less transport equation without linearization .

P10u=99"F i, 0 =9 Jabe A4 ga] f (2,9 q) = O

Coupled to the Yang-Mills equation for the =2
soft gluon fields

- e

D = 3 —g [ L2 gqu
% T =g (27_‘_)3 qqu f(t7w7p7Q)

A. Dumitru, Y. Nara, and MS, hep-ph/0604149
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CPIC Results — Ultraviolet Avalanche
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CPIC Results — Particle Momentum
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Instabilities in classical YM —

The unstable glasma

Instabilities also seen in expanding classical Yang-Mills solutions

which include rapidity fluctuations.
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Conclusions

* Anisotropic plasmas are gualitatively different than isotropic ones.

* Hard-Loop : Fields show isotropic linear growth accompanied by
cascade to UV.

* CPIC : Rapid isotropic field growth followed by UV “avalanche”.

* Classical YM : rapidity fluctuations — the “glasma” is unstable to
becoming a QGP!

e Systematic calculations of pp-py, anisotropy observables such as
jet effects and E&M signatures.

Hard-loop, classical YM, and CPIC simulations including realistic ra-
pidity fluctuations in an expanding metric have yet to be performed.
... More hard work ahead . ..
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SU(2) Visualization
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SU(2) Visualization + Sphere
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SU(2) Visualization + Zoom
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