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Shear viscosity

v dimension

boundary plate
(ZD. moving) velocity u
shear stress. ©

fuia Gradient, 3

boundary plate (2D. stationary)

e Temperature dependence of 7/s:

a

-R. A. Lacey et al., Phys. Rev. Lett.-98 (200%) 0923061
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Introduction

Bulk viscosity

e The bulk viscosity or second viscosity appears in the processes
which are accompanied by the change in volume of the fluid.

e Due to this compression or expansion, the fluid ceases to be in
thermodynamic equilibrium and internal processes are set up in it
which tend to restore the equilibrium.

e The processes which establish equilibrium are irreversible, they
increase the entropy , therefore energy dissipation occurs.

e This energy dissipation is determined by the second viscosity, .
e The value of ¢ depends on the relation between the rate of
compression and expansion and the relaxation time.

-Landau Lifshitz -Fluid Mechanics
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Introduction

Brief introduction to Quark Gluon Plasma

e At sufficient high beam energy nuclei collision, a deconfined state
of quarks and gluons may be created.That state is referred as
Quark Gluon Plasma.

Initial state

1 Freezeout
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Introduction

Historical Overview

e In 1953 Landau proposed to exploit the law of ideal
hydrodynamics to explore the strongly interacting matter that is
formed in high energy heavy ion collision.

e In 1983 Bjorken developed it further and many more
developments in next two decades.
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Introduction

Historical Overview

e In 1953 Landau proposed to exploit the law of ideal
hydrodynamics to explore the strongly interacting matter that is
formed in high energy heavy ion collision.

e In 1983 Bjorken developed it further and many more
developments in next two decades.

eln 2000,the outcome of the Relativistic Heavy lon Collider (RHIC)
at BNL,was in good quantitative agreement with hydrodynamic
predictions for the Au+Au collision at the collision energies

V/s = 200 GeV per nucleon pair. Only for some limited region!!

An accurate hydrodynamic code with small but essential dissipative
effects= Transport coefficients!!
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Analytic expressions for viscosity

eEnergy Momentum tensor for dissipative system:

TH = —Pgh + wUMUY + AT

Pracheta Singha Calculations of viscosities in PQM model



Analytic expressions for transport coefficients
Polyakov-Quark-Meson Model
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Formalism

Analytic expressions for viscosity

eEnergy Momentum tensor for dissipative system:
TH = —Pgh" + wU*U” + ATH
Where,
2
ATH =n(D*U” + D" U* + §A‘“’8pUp) — (AM9,UP .

AW = UrUY — g D, =0, — U,UPd;
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Analytic expressions for transport coefficients
Polyakov-Quark-Meson Model
Thermal width calculation

Formalism

Analytic expressions for viscosity

e 1) = Shear viscosity ( = Bulk viscosity.
e Energy Momentum tensor for dissipative system:

y d*p p'p”
TH :Za/(27r)3Ea fa
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Analytic expressions for transport coefficients
Polyakov-Quark-Meson Model
Thermal width calculation

Formalism

Analytic expressions for viscosity

e 1) = Shear viscosity ( = Bulk viscosity.
e Energy Momentum tensor for dissipative system:

y d*p p'p”
TH :Za/(27r)3Ea f,

of, = f;7[1 + ¢,] = system is slightly out of equilibrium.

d*p p'p”
AT =%, [ =P fedg,
/(27r)3 E, ° ¢
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Analytic expressions for transport coefficients
Polyakov-Quark-Meson Model
Thermal width calculation

Formalism

Analytic expressions for viscosity

e 1) = Shear viscosity ( = Bulk viscosity.
e Energy Momentum tensor for dissipative system:

y d*p p'p”
TH :Za/(27r)3Ea f,

of, = f27[1 + ¢,] = system is slightly out of equilibrium.

d*p p'p”
AT =%, [ =P fedg,
/(27r)3 E, ° ¢

o Where,

2
02 = Ciy (D" V" + D"UP + SAM9,U) — Asd,UP .

Pracheta Singha Calculations of viscosities in PQM model



Introductiol . F icil
ntroduction Analytic expressions for transport coefficients

Forn;a;l;flrlv: Polyakov-Quark-Meson Model
q A Thermal width calculation
Discussion

Analytic expressions for viscosity

2 o p lpl*

_ = f-eqC
15 /(27r 3 E,
_1s
3

/ < ‘p‘zfqu

Where, C3, = CGpupy-
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Analytic expressions for viscosity

2 a*p |p|*
. 5 feac,
=15 "’/(2@3 E,
1 d*p \p\z
(=%, / FEIA,
3 (2m)3

Where, lel, = Gpupy-
eA,, C, contain the informations of particle interactions.
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Analytic expressions for transport coefficients
Polyakov-Quark-Meson Model
Thermal width calculation

Formalism

Analytic expressions for viscosity

¢ Boltzmann Equation:

%f: +v.Vf, = —w,if,

Where w; is the frequency of interaction taking into account both
gain and loss rates.
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Analytic expressions for transport coefficients
Polyakov-Quark-Meson Model
Thermal width calculation

Formalism

Analytic expressions for viscosity

¢ Boltzmann Equation:

ot

— +v.Vf = —w,of.

8t aYta
Where w; is the frequency of interaction taking into account both
gain and loss rates.
¢ Relaxation Time approximation suggests in those interaction
fi = £°7 unless i = a.
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Analytic expressions for transport coefficients
Polyakov-Quark-Meson Model
Thermal width calculation

Formalism

Analytic expressions for viscosity

e Final expressions:

_gB [(d°p) P
=15 ) e ( )2 (L£f)

p)r (5 - gz (B2M?
ngﬁ/(é7f)3( 2 £ “ar T s+ )
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Analytic expressions for transport coefficients
Polyakov-Quark-Meson Model
Thermal width calculation

Formalism

Effective model

e In the non perturbative region extracting useful informations for
most of the physical processes of interest from QCD lagrangian
gets way too complicated.

Effective model:Polyakov Quark Meson Model
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Construction of model lagrangian

e Quark meson interaction terms:
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Construction of model lagrangian

e Quark meson interaction terms:
e Pion like state: /YTy

e Sigma like state: 1)
(7% + 0%) — (x° + 0?)
Ay

(7T2 + 02) A—> (7T2 + 02)
A
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Analytic expressions for transport coefficients
Polyakov-Quark-Meson Model
Thermal width calculation

Formalism

Construction of model lagrangian

e Quark meson interaction terms:
e Pion like state: /YTy

e Sigma like state: 1)
(7% + 0%) — (x° + 0?)
Ay
(7T2—|-0'2) (7‘(‘2 +0,2)
Aa

e interaction term:

g((iysTY)T + (Vi)o)
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Analytic expressions for transport coefficients
Polyakov-Quark-Meson Model
Thermal width calculation

Formalism

Construction of the Lagrangian

e Pion Sigma potential: V = V(72 + 02) = 2(7% + 0% — v?)

V(o, n=0)

00y = vV = fr; mo.:)\ff; m; =0
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Construction of the Lagrangian

V=V(r?+0?) = %(71'2 +0%2—-v?) —co
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Construction of the Lagrangian

V=V(r?+0?) = %(wz +0%2—-v?) —co

V(o, n=0)
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Analytic expressions for transport coefficients
Polyakov-Quark-Meson Model
Thermal width calculation

Formalism

Construction of the Lagrangian

V=V(@2+o0?)=2(r2+02—v?) —co

V(o, n=0)

- 7 -

2
o c=fm? vzzfﬂz—%; m2 = m2 + 2\f?

=

L =iy — g((ihysTap)7 + (Yp)o) + %(auwa,m + 0"00,0)

_ (%(772 + 02 = v?) — co) — Up(d, d)
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Discussion

Polyakov loop

e Polyakov loop:

B
L(x) = 7?(/0 dxoAo(x0, X))

e The Polyakov loop variable ® = ®(%) = #-(trcL(%))s

c
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Analytic expressions for transport coefficients
Polyakov-Quark-Meson Model
Thermal width calculation

Formalism
Polyakov loop

e Polyakov loop:

B
L(x) = 79(/0 dxoAo(x0, X))

e The Polyakov loop variable ¢ = ¢(X) = N%(trcL()_(’»g
e Order parameter for confinement deconfinement transition.
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Analytic expressions for transport coefficients
Polyakov-Quark-Meson Model
Thermal width calculation

Formalism
Polyakov loop

e Polyakov loop:

B
L(x) = 73(/0 dxoAo(x0, X))

e The Polyakov loop variable ¢ = ¢(X) = N%(trcL()_(’»g
e Order parameter for confinement deconfinement transition.
e Polyakov Loop potential:

by(T) = bs

(03 + &%) + E(<T>q>)2]

Up(®,) = T* [~ 2
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Thermodynamic potential

QT, 1) = Qg + Uy + Up(®,®) .
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Thermodynamic potential

Analytic expressions for transport coefficients
Polyakov-Quark-Meson Model
Thermal width calculation

QT, 1) = Qg + Uy + Up(®,®) .

P =-0Q

ec=P—+Ts
2
Cs = 8e|5

8 Q 2 _ 9%Q
and M2 =57

0M2
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LLLEXSLe LT 2Ll Analytic expressions for transport coefficients

FO'";Z';TI’IT Polyakov-Quark-Meson Model
. o Thermal width calculation
Discussion

Calculation of thermal width

3 2
1=55 [ G rasn

ew = Total interaction frequency= 1/7 = Inverse of relaxation
time.
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Calculation of thermal width

no
PN

Q Q Q@
A S O
[T )

Quark Matter

Analytic expressions for transport coefficients
Polyakov-Quark-Meson Model
Thermal width calculation

Hadronic Matter

(b)

Temperature (T)

Ecolution (e (7]

Figure : Interaction picture taken into consideration

e [ = Thermal width=Imaginary part of self energy.
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L TR Analytic expressions for transport coefficients

Fom;z';i’:: Polyakov-Quark-Meson Model
. A Thermal width calculation
Discussion

Calculation of thermal width

\*_,/

k+p

Figure : a bosonic self energy diagram
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Analytic expressions for transport coefficients
Polyakov-Quark-Meson Model
Thermal width calculation

Formalism

Calculation of thermal width

Som -

k+p

Figure : a bosonic self energy diagram

e There are real particles present in the medium.
e Available channels with appropriate statistical weight factors.
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Analytic expressions for transport coefficients
Polyakov-Quark-Meson Model
Thermal width calculation

calculation of thermal width

2 3

g d>k 1
ImN(w) = —&
mi(w) 16 J (27)? wkwip

[(1 + n(wi))(X + n(witp)) — nwi)n(wisp))
X (0(w + wk + witp) — 0(w — Wk — Wkp)

+ n(wi) (1 + n(wktp)) = n(wirp) (1 + n(wi))
X(6(w — wi + witp) = 6(w + wic — Wictp)]
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Analytic expressions for transport coefficients
Polyakov-Quark-Meson Model
Thermal width calculation

calculation of thermal width

2 3

g d>k 1
ImN(w) = —&
mi(w) 16 J (27)? wkwip

[(1 + n(wi))(X + n(witp)) — nwi)n(wisp))
X (0(w + wk + witp) — 0(w — Wk — Wkp)

+ n(wi) (1 + n(wktp)) = n(wirp) (1 + n(wi))
X(6(w — wi + witp) = 6(w + wic — Wictp)]

e - B+ B and B+ B — ¢ Decay processes.
e ¢+ B — B and B — ¢ + B Scattering processes.
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. Re.sult Thermal width calculation
Discussion

Calculation of thermal width

e Branch Cuts:
s=w? - p?
For decay process:oo > s > (my + my)? Unitary cut.

for scattering process:(m; — my)? > s > —oo Landau cut.

Im s -

(m1—-m2)? Re s —

’ (m14m3)?
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Analytic expressions for transport coefficients
Polyakov-Quark-Meson Model
Thermal width calculation

Formalism

Calculation of thermal width

0.8 T T T T T -

L @ ]

SR EEE R - - ]

-

S 04l Soo W7 T

Z b~ —m e e - \:,; ]

=02k .= ~J -

L .- ]

Ottt e o ]

I ®  k=0.500 Gev RN 1'

E - N 3

f) F 7 3

% 3 1 N

2 oap—r—rTr T T T T S N

— E L aeeerrre L \ g

Fooeeeee g |I A

§ ; d

001 | 1 N 1 N 1 A 1 N 1 N 1 ., 3
0. 0.12 014 0.6 0.8 02 022 024 026

T (GeV)

Figure : Temperature dependence of mass (a) and thermal width (b) for
quark, pion and sigma meson( |k| = 0.500 GeV for panel (b)).
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Results for constant thermal width
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Figure : Temperature dependence of i (a) and 7/s (b)
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Entropy Density vs. Temperature
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Figure : entropy density vs. T
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Results with constant Thermal width
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Figure : Temperature dependence of ¢ (a) and (/s (b)
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C2

< vs. Temperature
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Figure: C2vs T
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Result

2
— ¢Z) vs. Temperature
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Figure: (3C2) vs T
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Quark Pion
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Result

Results with Temperature dependent thermal width
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Figure : Temperature dependence of  (a) and 7/s (b) for pion and
quark using 7(T, K)

Pracheta Singha Calculations of viscosities in PQM model



Results with Temperature dependent thermal width

Result
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Figure : Temperature dependence of ¢ (a) and (/s (b) of quark pion by

using 7(T, k).
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Discussion

Discussion

e We have investigated the role of PQM dynamics in calculations
of different transport coefficients like shear viscosity 7, bulk
viscosity ¢ of quark and hadronic medium.
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Discussion

Discussion

e We have investigated the role of PQM dynamics in calculations
of different transport coefficients like shear viscosity 7, bulk
viscosity ¢ of quark and hadronic medium.

e Starting from standard expressions for transport coefficient with
both constant and temperature dependant relaxation time the
plots for transport coefficients are obtained which are in qualitative
agreement with expected and available results.
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