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Introduction

 RHIC and LHC measured unprecedented levels of elliptic flow
at the high energies corresponding to what is thought to be
QGP

* Hydrodynamics have 0.1 = _PHOBOS |
been relatively ' B |
successful at explaining 0'08_
this with the inclusion of = ¢
a small n/s ratio (slightly ~
larger than 1/4n) 0041

 What about the viscosity 3
at lower energies, such .
as will occur in FAIR, orin  © " T00 300 300 ™300

late stages of RHIC/LHC? Nput
Luzum & Romatschke 10.1103/PhysRevC.78.034915
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Viscosity in the Hadron gas

eCascade code B3D,

What about low initialize over large 2D area
temperatures? at mid rapidity, with TW
Vs modified such that
05 - : assumi'ngchemlicalequil-ibrium | - Tij _ Sp%esl f (;.1371)93 gé_l;; fl (p)
ol ] F(P) = Fod Pl + CRIPip TS
! *Writing evolution
0'3.- ] equation using Muronga’s
0.2 Method I (=10 fm/c) - O=-nt*

mem = Method II (7,=40 fm/c)
0.1

1 4
D=3(To+Tyy+To)-Too = 51+

initialized where d®/dt=0.

o 0.'14 0.3 016 017
TGeV] Romatschke & Pratt, arXiV:1409.0010v1
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Viscosity in the Hadron gas

What about low

temperatures?
I r ‘ I HRI(‘ ) iP | I
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*UrQMD coupled with VISH2+1

*Progressively lowering the
coupling temperature

i *Each step, the n/s of VISH2+1 is

adjusted so that there is no pion
v, buildup

| eTake this n/s to be the effective

UrQMD n/s at this temperature

*Non-universal: changing the

| QGP n/s changes the results

Song, Bass & Heinz, arXiV:1012.0555
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n/s

Viscosity in the Hadron gas

What about low

temperatures?

P *UrQMD

* | 1 e+Box calculation

@ " Cional s T ‘
10F ® — N=3pQCD 1 *Green-Kubo formalism

: O Hadron gas w/ pz=0,u_~0|] -

0 1 e*Essentially the same
i ® —
1L 3 g% | procedure that we used

100
Temperature (MeV)

Demir & Bass, arXiV:0812.2422v4
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n/s

So... is anyone right?

1.5

0.5

O ] Romatschke&Pratt
O Demir&Bass
Song,Bass&Heinz QGP n/s=0.16
& Song,Bass&Heinz QGP n/s=0.08
O O
O O O
Multiple descriptions inconsistent with each other!
Un
iy
< U0 oo
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Viscosity in SMASH

SMASH is a new
transport code 1m_ MH koo
— Includes all | fH o
resonances up to 9 * i e
2 GeV : ! data (total)
_ 80 E data (elast) -
— 2-to-l1and 2-to-2 2 |
collisions, © 60
eventually 3-to-1 |
40 |
Box calculations |
simulating infinite  *| | = . -
matter to apply the = B

Green-Kubo
procedure



Viscosity in SMASH

SMASH is a new
transport code

— Includes all
resonances up to
2 GeV

— 2-to-1 and 2-to-2
collisions,
eventually 3-to-1

Box calculations
simulating infinite
matter to apply the
Green-Kubo
procedure
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Detailed balance in SMASH

5
10 T T T | — | — | E—

4 & n+p<—>A++ ppenA** pp<—>A0A++
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Green-Kubo Formalism

The shear viscosity oo |
is calculated from |

1x10°

n==JC¥(t)dt =
0

Tail is pure noise!

where

N 1x10° |
CY()=+ 2 T(s)T(s+1)

1X10_9 L L L
0
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Green-Kubo Formalism

It has been shown thatoo%[_\\

the correlation
function in

0.0)

=7/ C(t)dr
0

follows
C(1)=C*0)exp(-7)

So that

VCXY(0)r
n=—"

31/05/2016

1x10° E

1x107

1x107® [

1x107 —=——
0
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Follows exponential decay
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Massless particles : Elastic collisions

0.3

SMASH Temperature
Initialization temperature

.28 I~

0
* Pionsinthechiral |
imitina (50 fm)3 "
0ox simulating o
e |
infinite matter  Cozxf

* Constanto 02

* Runs fort__=60fmos|
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Massless particles

SMASH 0=20mb
n=1.267*T/o (Massless Chapman-Enskog)

SMASH fits the analytic solution almost perfectly!

Plumari et al., arXiV:1208.0481v?2




Massive pion box : Elastic collisions

dN

Pions in a (50 fm)3
box simulating
infinite matter

Constant o
Runs for t,__,=60fm

Initialized with
initial densities
consistent with
Boltzmann ideal gas

VP2 + m2

dp

. 0.16

= 2i2 Vp zeXp(_ T

03
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Pion box : Temperature dependence

0.13

0.12 |

0.07

0.06 L

n=1.223736363*T/o (Massive Chapman-Enskog)
SMASH oc=20mb

Slight over estimation of analytical result (max diff. 6%)
I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I
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Plumari et al., arXiV:1208.0481v?2



Pion box : Cross-section dependence

1
i SMASH T=150MeV
o Plumari et al. 150MeV
0.8 I~
’C}T n
< 06
E i
< i
GJ L
S o4
— i
0.2 |- Very good agreement also in o-dependence
O i 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I
0 10 20 30 40 50 60
o (mb)

Plumari et al., arXiV:1208.0481v?2
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Entropy

The entropy density can be calculated from the

Gibbs formula:
e+ p-un
S = T

where e and p can be taken from the shear-stress
tensor according to:

" = diag(e, p, p, p)
What about T, p and n? Assuming that we are
dealing with a nearly ideal gas, one can fit T and
using a multiplicity distribution:

V2 +m? - p )
T

dN
dp — 2§2 szexp(—




Entropy

However:

* How does one account for particle decay

widths, i.e. that most particles are not on
shell?

dN; gi * 4 I; 2 o 2
_ 7 dm I p“+m
dp — 2 Vp f N 2 CXP|- T

2 0 > I

* How can one check the temperature and
chemical potentials of a non-trivial system
after a Boltzmann initialization?



T-p-0 Mesonic system

Supposing that the system remains close to an ideal Boltzmann gas,
one can check the temperature and chemical potentials by fitting.

Pions: Initial Pions: Equilibrium
25000 [ pO 0.0006829 = 0.0006469 _ pO -0.006041+ 0.0006309
S - p1 0.1496 = 0.0002136 - p1 0.1531+ 0.0002063
O 20000(— —
©) N -
S~ = -
— 15000 —
o B N
3 10000 -
Z - :
< 5000 —

005 04 08 08 T 12 T4 ey ) 00040608 1 1201416718

p (GeV) D (GeV)

Temperature stays constant, and chemical potential varies little




T-p-0 Mesonic system

Supposing that the system remains close to an ideal Boltzmann gas,
one can check the temperature and chemical potentials by fitting.

Rhos: Initial Rhos: Initial

L +
p0 0.0008601=+ 0.004177 p0 0.01086 = 0.004729

p1 0.1499 = 0.0006261

p1 0.1468 = 0.000705

00040608 1 12141618 2

e . (HER

02040608 1 120141618 2
p (GeV) p(GeV)

Both temperature and chemical potential vary little; might be an effect from decay widths



T-p-0 Mesonic system

Box starts according to

Boltzmann distribution
(might need Bose for pions) [ i R

Temperature stays constant  nitial (Gev)  T=.1496 T=.1499
within 2% 1,=.0007 u,=.0009
At equilibration, chemical Equilibrium  T=.1531 T=.1468
potential stays small (GeV) Uy =--006 U,=.0109

compared to temperature

un/T terms contribution to
entropy negligible

31/05/2016 Jean-Bernard Rose 21



I-p-0 mesonic system :
Temperature dependence

SMASH 1-p-0 system

n=k*TA3

0.1 0.15 0.2 0.25 0.3

T (GeV)

0.35




Full Hadron resonance gas

* Mesons:
-1, p,NWwo,0,f,
— K, K*(892), K*(1410)
* Baryons:
— N, N*, up to 2.25 GeV
— A, A%, up to 1.95 GeV
— N\, N*, up to 1.89 GeV
—2,2% upto 1.915 GeV
— =, Q
* All particles initialized using thermal densities



Full Hadron resonance gas

0.5

SMASH full run, y_B=0
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Full Hadron resonance gas

0.4:— \ B
el Ny DT T+
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Ny
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Comparison with previous calculations

1.2

0.8

0.4

0.2

O

Romatschke&Pratt

Demir&Bass

Song,Bass&Heinz QGP n/s=0.16
& Song,Bass&Heinz QGP n/s=0.08
SMASH pu_b=0

SMASH p_b=3T

O
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Summary & outlook

Investigated temperature and cross-section dependence of the shear viscosity in
elastic massless and mesonic systems

— Thermal particle densities

— Slight over estimation of the analytic curves (within 5%)

Calculation of the entropy of a non-trivial mesonic system
— Temperature remains constant within a 2% error margin
— Chemical potentials appear not to develop a lot during equilibration

— Ansatz : one can use the initial T and u to get good approximated values for T and u after
equilibration

Full SMASH n/s calculated
— Has the expected decreasing profile
— Order of magnitude in agreement with most other simulations, but not in full agreement with
any

Outlook:

— Improve calculation of T, pu and entropy (decay widths, equi-partition theorem..?)

— More thorough investigation of the p;, us parameter space (inclusion of p,?); strange cross-
sections have to be verified

— Other transport coefficients (electrical conductivity, bulk viscosity, etc.)



