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Introduction

Motivations

Transport coefficients are of interest for many purposes:

For transport codes (compare in/out of equilibrium systems),
For the phase diagram study of nuclear matter,
As input for hydrodynamics calculations (�=s, �),
. . .
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Models

The Nambu-Jona-Lasinio model

Lagrangian:
LNJL D N 
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Chiral model for q= Nq,
QCD symmetries,
hadrons construction,
Finite .T ; �/.

Quark mass:
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Based on PRC 87, 034912 (2013)



Models

The Polyakov-NJL model

Lagrangian:
LPNJL D N 
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Modified dist.:

fq ! f ˆq .p;T ; �/
f Nq ! f ˆ

Nq .p;T ; �/

Modified chiral cond.:
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Based on PRD 79, 116003 (2009)



Models

The Dynamical Quasi-Particle Model

Quasi-partons:
Masses:
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Coupling constant:
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Based on EPJ ST 168, 3 (2009)



Thermodynamics

Equations of state I
For a non-interacting particle gas:
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1Z
0

d3p
.2�/3

fg

C
gq

6

1Z
0

d3p
.2�/3

" u;d;sX
q

fq C

Nu;Nd;NsX
Nq

fNq

#

P.T ; �/ D gg

1Z
0

d3p
.2�/3

fg
p2

3Eg

C
gq

6

1Z
0

d3p
.2�/3

" u;d;sX
q

fq C

Nu;Nd;NsX
Nq

fNq

#
p2

3Eq

".T ; �/ D gg

1Z
0

d3p
.2�/3

fg Eg

C
gq

6

1Z
0

d3p
.2�/3

" u;d;sX
q

fq C

Nu;Nd;NsX
Nq

fNq

#
Eq

s.T ; �/ D
".T ; �/C P.T ; �/��nB.T ; �/

T
with

nB.T ; �/ D
gq

6

1Z
0

d3p
.2�/3

" u;d;sX
q

fq�

Nu;Nd;NsX
Nq

fNq

#

Rudy Marty NJL transport coefficients 5/ 12



Thermodynamics

Equations of state I
For a non-interacting particle gas:

n.T ; �/ D gg

1Z
0

d3p
.2�/3

fg

C
gq

6

1Z
0

d3p
.2�/3

" u;d;sX
q

fq C

Nu;Nd;NsX
Nq

fNq

#

P.T ; �/ D gg

1Z
0

d3p
.2�/3

fg
p2

3Eg

C
gq

6

1Z
0

d3p
.2�/3

" u;d;sX
q

fq C

Nu;Nd;NsX
Nq

fNq

#
p2

3Eq

".T ; �/ D gg

1Z
0

d3p
.2�/3

fg Eg

C
gq

6

1Z
0

d3p
.2�/3

" u;d;sX
q

fq C

Nu;Nd;NsX
Nq

fNq

#
Eq

s.T ; �/ D
".T ; �/C P.T ; �/��nB.T ; �/

T
with

nB.T ; �/ D
gq

6

1Z
0

d3p
.2�/3

" u;d;sX
q

fq�

Nu;Nd;NsX
Nq

fNq

#

Rudy Marty NJL transport coefficients 5/ 12

Attention !
For (P)NJL: no gluons
For PNJL: consider f ˆ.p;T ; �/ and U.ˆ; N̂ ;T /=T 4

For DQPM: consider spectral function A.!;p/
Notice that PSB.NJL/ ¤ PSB.PNJL/ D PSB.DQPM/



Thermodynamics

Equations of state II
For a non-interacting particle gas:
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Thermodynamics

Equations of state III
For a non-interacting particle gas:

cV D T
�
@s
@T

�
V

c2
s D

�
@P
@"

�
nB

Rudy Marty NJL transport coefficients 7/ 12



Transport coefficients

Integrated cross sections

Transition rate:
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with the probability to find a q Nq (qq)
pair with the energy

p
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Based on PRD 51, 3728 (1995)



Transport coefficients

Relaxation time

We compute transport coefficients using the Relaxation Time Approximation

Relaxation time:
For the (P)NJL model it is the transition rate inverse, weighted by the
particle density:

��1i .T ; �/ D
X

j
nj .T ; �/ �ij .T ; �/

For the DQPM, it is directly proportional to the inverse of the width:

��1q .T / D �q.T / and ��1g .T / D �g .T /:

This quantity is related to the mean free path and therefore
gives a good estimation of the thermalization time of the species.
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Transport coefficients

Viscosity

Shear viscosity:
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Based on PRC 83, 014906 (2011)



Transport coefficients

Conductivity

Conductivity:
Electric conductivity:
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Heat conductivity:
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Not dependent on � !



Transport coefficients

Conclusion
What we did:

Complete calculations of equations of state and of a set of transport coefficients
for several models for 0:5 < T=Tc < 2:0,
Despite the lack of confinement and gluons degrees of freedoms, the NJL model
gives results not so far from QCD arround Tc ,
We have a better understanding of the range of validity of the NJL model,
The DQPM compares well with lQCD for the observables studied.

To do list:
Results for PNJL SU.3/f ,
Finite chemical potential calculations,
Include hadron interaction for NJL (�.qM ! qM/),
Calculate differential parton cross sections on the basis of the DQPM couplings,
Try box calculations for NJL as it was did for DQPM (PRC 87, 064903 (2013)).
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THANK YOU FOR YOUR ATTENTION !
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