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Motivation

Heavy-ion collisions at RHIC and LHC are one possible approach to explore the
QCD phase diagram [1].

〈ψψ〉 6= 0

〈ψ̄ψ〉 6= 0

〈Φ〉 = 0

〈ψ̄ψ〉 = 0

〈Φ〉 6= 0

hadron gas

QGP

CFL

µB [GeV]

T [GeV]

1

0.15

0

nuclear
matter

?

?
?

?

?

Figure: Sketch of the QCD phase diagram
Figure: Extraction of a constant η/s from hydrody-
namic simulations

The quark gluon plasma is an almost perfect fluid with a very small value of η/s[2].

Aim of this work: Calculate the thermal dependencies of the shear viscosity η(T, µ)
within the NJL model.

NJL model and large-Nc expansion (e.g. [3, 4])

Two-flavor NJL Lagrangian: QCD ⊕ integrate all gluonic degrees of freedom

L2f
NJL = ψ̄

(
i/∂ −m0

)
ψ +

G

2

[
(ψ̄ψ)2 + (ψ̄iγ5~τψ)2

]
, with G ∼ 1/Nc

Gap equation at Hartree level

O(1) : = +

Bethe-Salpeter equation

O( 1
Nc

) : = +

m Σ
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Figure: Thermal masses from the NJL gap equation
for quarks and the BSE equation for mesons

Input parameters

Λ = 651 MeV
m0 = 5.50 MeV
G = 10.1 GeV−2

Values at (T, µ) = (0, 0)

〈ψ̄ψ〉 = −(316 MeV)3

mq = 325 MeV
mπ = 140 MeV
fπ = 94.0 MeV

Shear viscosity from Kubo formalism[5, 6]: a non-perturbative approach

Kubo formula for the shear viscosity

η(ω, ~x, x0) =
1

T

∫ ∞
0

dt eiωt

∫
d3r (T21(~r, t), T21(~x, x0))

Organize the contributions to the four-point correlator by their large-Nc scalings[7, 8]:

γ2 γ2 = Π(ωn) = γ2 γ2 + O(N 0
c ) .

static shear viscosity:

η = − d ImΠR(ω)

dω

∣∣∣∣
ω=0

=
16NcNf

15π3T

∫ ∞
−∞

dε

∫ ∞
0

dp p6 M 2 Γ2(p)nF(ε)(1− nF(ε))[(
ε2 − p2 −M 2 + Γ2(p)

)2
+ 4M 2Γ2(p)

]2

At very high T and also for Nc →∞ the spectral width becomes small, Γ→ 0:

η → 2NcNf

15π2T

∫
|ε|>M

dε
(ε2 −M 2)5/2 nF(ε)(1− nF(ε))

M Γ(
√
ε2 −M 2)

.
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η[Γ] =
A−1

Γ
+ A0 + A1Γ + A2Γ

2 + . . .

⇒ NJL model is only for Γ � mπ pertur-
bative

Shear viscosity and strong cutoff effects

From a purely mathematical point of view, the shear viscosity η[Γ(p)] does not require
necessarily a momentum-cutoff[8]:

In order for the shear viscosity η[Γ] as
functional of Γ(p) to be convergent, the
asymptotic Γ(p) should not converge too
rapidly to zero:

η[Γ(p)] <∞ ⇔ p3e−βp/2 ∈ o(Γ(p))

Γconst = 100 MeV ,

Γexp(p) = Γconst e−βp/8 ,

ΓLor(p) = Γconst
βp

1 + (βp)2
,

Γdiv(p) = Γconst

√
βp .
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Figure: Shear viscosity without a cutoff
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Figure: Shear viscosity with a physical NJL cutoff

Leading-order results[8]: mesonic fluctuations

Quark self energy and quark spectral width

Σπ,σ
β (~p, νn) =

3π, σ

Landau damping recombination

⇒ Γπ,σq (p0, ~p) := − lim
ε→0

Im Σπ,σ
β (~p,−ip0+ε) =

∓2mg2
Mqq

4π|~p|

∫ Emax

Emin

dEf

[
nB(Eb) + n−F (Ef)

]
with Emin,max(p) =

1

2m2

[(
m2

M − 2m2
)√

m2 + p2 ∓ pmM

√
m2

M − 4m2

]
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Next-to-leading order results O(N−1
c ): mesonic decays

Mesonic spectral function

ρ(ω) = g2
Mqq δ(ω2 −m2

M) +
1

π

4G2Ncω
2Im I2(−iω)(

m0

m − 4GNcω2Re I2(−iω)
)2

+ (4GNcω2Im I2(−iω))2

Off-shell mesonic decays via convolution of Γ and ρ:

Γ̂S/P
q (p) = N

∫ 4(m2+Λ2)

4m2

dω2 ΓS/P
q (p)

∣∣∣
mM 7→ω

ρ(ω)

G

G
`

Μ = 0, p = 100 MeV
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Flat η/s around T ≈ 170 − 180 MeV ≈ Tc
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