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Viscosity at RHIC

1. Do we understand the uncertainties in this figure?

2. What is the connection to energy loss? v2(pT) vs RAA(ϕ)

Luzum, Romatschke



1.   Viscous correction to equations of motion

2.   Viscous correction to spectra

Viscous Corrections

∂µTµν = 0

Tµν = (ε + p)uµuν + pgµν−η〈∂µuν〉

f → f0+δf

δf = χ(p) × f0(p)p̂ip̂j〈∂iuj〉
must be a scalar proportional to strains

To date every group has taken the “quadratic ansatz”

δf

χ(p) ∝ p2
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Role played by δf

We need to have a quantitative understanding 
of the δf and the quadratic ansatz.



•  Let’s look at various models of energy loss
•  Relaxation time approximation
•  Weakly coupled pure glue

•  Connection with energy loss
•  Weakly coupled QCD

•   Phenomenology
• Two component meson / baryon gas
• “Viscous Scaling” of elliptic flow

Outline



• Boltzmann eqn:

• Substitute                                       where 

• Get back quadratic ansatz when 
but what about                     ?

Relaxation time approximation

∂tf + vp · ∂xf = −f(p)− f0(p)
τR(Ep)

f(p) = f0(p) + δf(p) f0(p) ∝ exp(−pµuµ/T )

δf ∝ τR(Ep)
Ep

f0(p)pipj〈∂iuj〉

τR ∝ Ep

τR ∝ (Ep)
β



• Most general form is  

•From now on take                                where              and  

•Constant determined from first moment of δf

Generalization of quadratic ansatz

χ(p̃) = C(α)p̃2−α

χ(p̃) =
120

Γ(6− α)
× η

sT
× p̃2−α

δf = −χ(p̃)× f0(1± f0)p̂ip̂j〈∂iuj〉

δT ij ≡ −η〈∂iuj〉 =
∫

p
dΓpipjδf(p)

p̃ ≡ p

T
p̂i ≡ pi

|p|



• Quadratic (α=0): Relaxation time growing with parton energy

•Linear (α=1): Relaxation time independent of parton energy

•As we will show reality is probably somewhere between

Two Extreme Limits

τR ∝ Ep
dp

dt
∝ const. χ(p) ∝ p2

τR ∝ const.
dp

dt
∝ p χ(p) ∝ p



Two Extreme Limits

η ∝
∫

p
dΓ p f0χ(p) δv2 ∝

∫

p
dΓ p2 f0χ(p)
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• Boltzmann eqn:

• Substitute                                     and invert numerically for δf 

• Three different modes of energy loss

1.  Soft Scattering

2.  + Collisional

3.  + Radiative

Weakly coupled pure-glue QCD

f(p) = f0(p) + δf(p)

∂tf + vp · ∂xf = −C2↔2[f ]− C1↔2[f ]
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Weakly coupled pure-glue QCD
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Weakly coupled pure-glue QCD
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• Let’s look at asymptotically large,                       ,  energies

•Only contribution is from radiation

•where in the deep LPM regime (P. Arnold, C. Dogan, arXiv:0804:3359)

•Finally get the semi-analytic result:

Connection to energy loss

∂tf + vp · ∂xf = −C1→2[f ]

ln−1(p̃)! 1

χg(p) ≈ 0.7
αsT

√
q̂
p3/2

C1→2 ∝
∫ 1

0
dx γ(p;xp, (1− x)p)

[
χp − χxp − χ(1−x)p

]

γ ∝ αsCAdA

√
pq̂

[1− x(1− x)]5/2

[x(1− x)]3/2

p

xp

(1-x)p



Connection to energy loss

χg(p) ≈ 0.7
αsT

√
q̂
p3/2
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• Consider a two component gas of quarks and gluons

•both go like p1.38

Two component QCD

δfg(p) = np(1 + np)χg(p̃)p̂ip̂j 〈∂iuj〉
δfq(p) = np(1 − np)χq(p̃)p̂ip̂j 〈∂iuj〉
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• Constants (Cg,Cq) constrained by 
1. Ratio of viscous correction

2. Shear viscosity of system

Two component QCD

η =
1
15

∑

a=q,g

νaCa

∫
d3p

(2π)3
p3−αan (1± n)
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Two component QCD
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• Characterize mesons and baryons by constants Cm and Cb

•Consider two Ansatz for comparison to data
1. Radiative:   p1.5  (α=0.5)
2. Quadratic:  p2   (α=0)

Two component meson / baryon gas

δfm(p) = np(1 + np)χm(p̃)p̂ip̂j 〈∂iuj〉
δfb(p) = np(1 − np)χb(p̃)p̂ip̂j 〈∂iuj〉

χm(p̃) = Cm(α)p̃2−α

χb(p̃) = Cb(α)p̃2−α



Two component meson / baryon gas

• Constants (Cb,Cm) constrained by 
1. Ratio of viscous correction

2. Shear viscosity of system

Cm

Cb
=

{
1.6 quadratic
1.4 radiative

η =
1
15

∑

a=π,K,...

νaCm/b

∫
d3p

(2π)3Ea
p4−αn(Ea) [1± n(Ea)]

σNN

σπN
= 1.5                      An aside:                         in AQM                       



Two component meson / baryon gas
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Two component meson / baryon gas
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“Viscous Scaling”
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• Studied the kinetics of quarks and gluons and their elliptic flow

• Radiative energy loss increases elliptic flow at larger pT

• Made the connection between energy loss and viscosity

•Observed “Viscous Scaling” of mesons and baryons
• A model having constituent quark scaling without constituent quarks

Conclusions



“Viscous Scaling”
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Scaling of v2 in UrQMD
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From talk of Marcus Bleicher, HQ06

AQM cross sections:

Nπ: 26 mb
Λπ: 23 mb
Ξπ: 20 mb
Ωπ: 16 mb

ππ: 18 mb
Kπ: 14 mb

~3:2


