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Motivation

@ RHIC data are successfully analyzed by means of an perfect
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e at forward rapidity
@ in not quite central collisions
@ need for dissipative hydrodynamics

@ viscosity
e particle production
o chemo- and thermo-diffusion

There is a need for
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Introduction

Dissipative hydro primer

The energy-momentum tensor for an imperfect fluid

T = (e + P)utu” — Pg" +6TH = T"* |

The evolution of the system is described by:
G I =7

Continuity equations
uplt = Oppiu" =0,

Dissipative terms to vanish in the local rest frame

T(%O)ZG — 57_(%%:0 — uuuV(ST'“V:O’
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Introduction

Diffusion, particle production, chemical reactions

In order to incorporate diffusion and particle production or chemical
reactions, we now generalize

Ot = Bu(plt + N OR) = T

Dy = G — Uyl

In the local rest frame:

J
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Introduction

Since the entropy of the QGP phase at hadronization determines the
observable particle multiplicity, it is crucial to understand its production.

The entropy production in a dissipative relativistic fluid is given by:

TOus = —=QuAMQ, + IWEAIWIAG +((9uu)?

Q, = 0,T —Tu"0,u, ,heat-flow four-vector

2
Wi = Outy + 0ypuy — gglw(%u7 ,shear tensor
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First Order Formulation of Entropy Production

Entropy Production

The (local) equilibrium relations,

PV =Q(T,V,u)=U—TS = w;

Duhem-Gibbs relation for the densities

Ts:e—f—P—Z,u,-p,' .

1

The First Law of Thermodynamics imply:

0=Ta3" + > pi(Ji — OO OR;) + u, 06 TH

with an auxiliary entropy four-current, 5# = su#, and p!' = p;ut
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First Order Formulation of Entropy Production

Entropy four-current

The proper entropy four-current:

=54 T hu,6TH + ZE,-A“”&,R; .

An imperfect fluid evolving under the influence of conservative external
forces

Tous" = =Y widi— T H0uT)ud T + (9u, )5 TH

+ > (pi + TLYOUA™ R + T Y (L) A™O,R;
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First Order Formulation of Entropy Production

Second Law of Thermodynamics

ZM;Z’SO .

STH = R(AMTUY + AT u)Qy + AT A W,5 + CAM D,

Qu = 0,T —Tu"0u, ,

2
W = Ouuy +0yu, — ggpwa'y‘ﬂ .

K - Hj
»Cl:_? , RI—JZUUT >
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First Order Formulation of Entropy Production

Chemo- and Thermo-diffusion

The diffusion current

involves chemo- and thermo-diffusion contributions
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First Order Formulation of Entropy Production

Entropy Production

All sources of entropy production

TaMS‘“ = — Zu,-j,- = TZU,J(@L“—?[)AW(&,M—;)
i INi

_;QuA#VQV n gngAgwg & 4 ((Dut)? .
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Strangeness Production

Strangeness Production

Strangeness production in plasma is dominated by gluons

g+g—s+3 )

with small contributions of quarks annihilation

u+i—s+3; d+d—s+5 J

In the local rest frame, we obtain:

Orpi = T =Y [Giejpj — Licipi]
J

G
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Strangeness Production

Population equation

Gain term

Gs = (088 vgg) (Pg)*+ Z (03%vqq) thPaPg = G
q=u,d
Loss term

Source term for strangeness

Js = 0eps = G — Lp?

Continuity equation is replaced by

Orps =G — ﬁpg
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Strangeness Production

Event by event

Taking event by event averages ((-))

0e((ps)) = G — L{(p3))
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Strangeness Production

Event by event

Taking event by event averages ((-))

Be({ps)) = G — L{(p2)) = G — L{{ps))* — 6p3
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Strangeness Production

Event by event

Taking event by event averages ((-))

Be({ps)) = G — L{(p2)) = G — L{{ps))* — 6p3

If {{ps))? > dp3

ps(T) = \/gtanh(T\/gT)
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Strangeness Production

Event by event

Taking event by event averages ((-))

Be({ps)) = G — L{(p2)) = G — L{{ps))* — 6p3

If {{ps))? > dp3

ps(T) = \/gtanh(T\/gT)

In the local rest frame + x-dependence!
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Final Remarks

Conclusions

@ the entropy producing mechanisms of chemo- and thermo-diffusion
together with the contribution of particle production is introduced

@ we have an imperfect relativistic fluid with composition changing
processes

@ chemical equilibrium
Ji=0

@ thermal equilibrium

Ous" =0 J
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Final Remarks

Problems

@ Potential instabilities due to the first-order approach
@ Numerical implementation

@ Additional dissipative processes: surface radiation
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