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1. Heavy Ion Collision
x−x+

Classical Velds

HydroTransition?

2. Goals
• Calculate Tµν , in order to provide initial con-

ditions for hydrodynamics. This implies cal-
culating the energy density ε and the pres-
sures PL, PT

• Determine if the system reaches thermal
equilibrium: equation of state (EOS)? Bose-
Einstein (BE) distribution fonction?

3. Theoretical Framework
• Color Glass Condensate: a semi classical ef-

fective theory

k
Λ

Velds

A

sources

WΛ[ρ]

• Λ = Unphysical momentum cutoU between
color Velds and classical sources

• JIMWLK equation (renormalization group
equation for the evolution with Λ)

Λ
∂

∂Λ
WΛ[ρ] = −HWΛ[ρ]

4. Divergences & Resummation
• Secular divergences at NLO
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• LO and NLO related by TµνNLO = Ô TµνLO

• Resummation:

Tµνresum = eÔ TµνLO = TµνLO + TµνNLO + · · ·

• Equivalent formulation

Tµνresum =

∫
[Da] F [a]︸︷︷︸

Gaussian
distribution

TµνLO [ϕ0 + a]

5. Scalar Velds in a Vxed box
• Scalar Veld with a φ4 potential

L(φ) =
1

2
(∂µφ)(∂µφ)− g2

4!
φ4︸ ︷︷ ︸

V (φ)

• The model shares some important features
with QCD: scale invariance and the pres-
ence of instabilities

• Setup of the numerical computation

φi(t0,x) = ϕ0(x) +

∫
k

Re
[
ck e

iωkt0 vk(x)
]

with

[−∆ + V ′′(ϕ0)] vk(x) = ω2
kvk(x),

〈ck c∗l 〉 = δ(k − l)

6. Resummed T µν
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The resummation cures the secular divergences,
and one gets the expected equation of state in a
3+1D scale invariant theory

ε=3P .

7. Distribution function
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• At large times:

fk ≈
T

ωk − µ
− 1

2
.

Classical equilibrium distribution

• µ 6= 0: slow chemical equilibration

• Bose-Einstein condensation: excess of par-
ticles at k = 0 and µ ≈ m (appears for initial
conditions that have too many particles for a
given energy)

8. EUects of longitudinal expansion
• System boost invariant in the z direction

z

x⊥

• Manifest in terms of proper time/rapidity

η =
1

2
ln
t+ z

t− z
, τ =

√
t2 − z2.

Boost invariance⇔ η independence

• EOM for a boost-invariant Veld ϕ(τ,x⊥)[
∂2

∂τ2
+

1

τ

∂

∂τ
−∇2

⊥

]
ϕ+ V ′(ϕ) = 0

• EOM for a small Wuctuation a(τ,x⊥, η)[
∂2

∂τ2
+

1

τ

∂

∂τ
−∇2

⊥ −
1

τ2

∂2

∂η2
+ V ′′(ϕ)

]
a = 0

• Setup of the numerical calculation

φi = ϕ0 +

∫
k,ν

Re
[
ckν H

(2)
iν (ωkτ0) eiνη vk(x⊥)

]
with

[−∆⊥ + V ′′(ϕ0)] vk(x⊥) = ω2
kvk(x⊥),〈

ckν c
∗
lµ

〉
= δ(k − l)δ(ν − µ)

9. Numerical results
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• Equation of state: ε=2PT +PL

• Later in the evolution PL≈PT

• ε ∝ τ−1 at early times and ε ∝ τ−
4
3 later, in

agreement with Bjorken law for respectively
PL ≈ 0 and PL ≈ ε

3 .

10. Conclusion
• Resummation→secular divergences cured

• Equation of state: ε=2PT +PL

• Isotropization: PL≈PT

• Equilibration of the particle distribution

• Formation of a Bose-Einstein condensate
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