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Introduction to hydrodynamic model
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Relativistic fluid dynamics (FD) is based on 

the conservation laws

the assumption of local equilibrium.

We need equation of state (EOS)

We use the PIC method. 

FD  Hydro model
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Particle in Cell method

“Marker  particles”  --
Lagrangian fluid cells—
the baryon number.

Runs very stable up to 
very high energies and 
follow the fluid 
dynamical expansion

PIC method

Phys.Rev.C 17 (1978)2080
Phys.Lett.B 261 4(1991) 352-356



Au +  Au   65+65 A GeV runs

dx dy dz dt t     cyc
[fm]  [fm]  [fm]   [fm/c]    [fm/c]

-----------------------------------------------------
425kB b=0.0 _tnc16   .86   .86   .172   .038043   9.5107  250  

1,029kB b=0.0 _tnc24   .575  .575  .115 .0266     4.154   156 
387kB b=0.1 _tnc16   .86   .86   .172   .038043   9.5107  250  
935kB b=0.1 _tnc24   .575  .575  .115 .026630   4.287   161  
322kB b=0.25_tnc16 1.032 1.032  .2064  .038043   9.5107  250  
780kB b=0.25_tnc24  .69   .69   .138   .266      4.900   184  
142kB b=0.5 _tnc12 1.832 1.832  .3664  .038043   9.5107  250  
55kB b=0.7 _tnc10 2.200 2.200 .440   .038043   9.5107  250  

55kB b=0.7 tnc10_tf6 2.200 2.200 .440   .038043   9.5107  250  

Output from hydro code
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Introduction to hydrodynamic mdel



>  Flow  is the collective 
motion of particles

>  Due to the pressure 
gradients

>  Anisotropy of flow 
reflects the anisotropy 
of the initial state

>  Flow is a diagnostic 
tool.
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Björn Bäuchle, Yun Cheng, et.al.,
J.Phys.G34:S1077-1082,2007.

Flow Properties From Hydro
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The main effects of the transition 

(QGP  Partons):

• appearance of quark mass 
(constituent quarks in 
PACIAE)

• disappearance of Bag 
constant

• extra degeneracy factor
(NF=2 3 and γs)

Considering the transition in Local rest frame:
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Flow Transition From Hydro



In non-relativitic limit with v ≪1  γ≈1 in the Local Rest frame 

of the fluid

J.Phys.G:Nucl. Part.Phys. 36(2009)064032
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• For small, finite incoming velocities,  the 
velocity change (due to pressure change) can be 
obtained  from the momentum conservation.

• The transition may accelerate or decelerate the 
flow, depending on the pressure difference.
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Flow Properties From Hydro

The phase transition in the hydrodynamical model can 
affect flow observables in two ways:

• increase/decrease the collective flow velocity

• change in temperature – thermal smearing

In general the phase transition surface is not orthogonal to 
the flow velocities, so this acceleration (deceleration) is an 
essential consequence of the correct transition description!
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1)  Parton Initialization

2) Parton Evolution (Parton Scattering)

3) Hadronization

4) Hadron Evolution (Hadron Rescattering)

Original setting of the initial condition of collision system: 
Nucleus-nucleus(NN) collision is decomposed into parton -
parton collisions, and NN collision is described by PYTHIA 
model.  Here we create  partons from hydro.

2 → 2 Leading-Order (LO-) pQCD differential cross sections.

String Fragmentation (SF) model, and Coalescence model. 
SF model (included in PYTHIA) is adopted here.

Usual two-body collision model.

Introduction to PACIAE model
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From Hydrodynamics to PACIAE model

1), Energy density: Ecf

2), Baryon density: n

3), Pressure: p

4), Velocity: vx, vy, vz

Temperature: T and sq

Quantities in cells Quantities in particle list
PYJETS

1), particle number: N

2), particle type: K(J,1)- K(J,5)

3), momentum and energy of 
each particle: P(J,1)- P(J,5)

4), coordinates and time 
development of  each particle: 
V(J,1)- V(J,5)

fort.10
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Transition Hyper-surface in Hydrodynamics

Case 1: Isochronous transition, t = Constant. 

Case 2:  Transition takes place on the hyperboloid, τ=Constant.

Case 3:  Realistic and complex condition. celleveryindifferentd →µσ

),0,0,1( σσ
µ γσ vd =

)0,0,0,1(=µσd

[Berndt Schlei]
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µσ

µ σdppxf
pd

dNE i∫= ),(3
1   Cooper-Frye formula
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Particle four current: ),(0
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Energy momentum tensor: ),(0
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General steps on connecting two models

2 Parton numbers and energy in post transition phase

µ
µuNvnvN icellicelli == ν

µν
µ uTuvevE icellicelli ==

3  The ratio of generated partons types:

where post transition distribution),( pxfi
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1), According to the ni in each cell,  generate the  partons cell by cell.

2), If there has one cell generates zero particle,  transform the energy of 
this cell to its neighbors.

3), If more than one parton is generated, transfer the cell’s energy to 
the partons (Two options: average distribution or random sampling).

4), The space coordinates of each parton are   selected randomly in the 
cell;  the production  time is the transition time.

5), Generate the px, py ,pz randomly according to the momentum 
distribution .

General steps on connecting two models
4 From cells to particles
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General steps on connecting two models

5 Conservation laws from QGP to partons
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> Distribute the energy density  and momentum of each 
fluid cell to every generated parton inside and the partonic
list is the initialization stage in PACIAE model. 

µµ σdu ~



• Energy momentum tensor, for perfect fluid:

• Transition hyper-surface normal vector:

• Conserved  energy momentum current,  baryon current:

• Aμ  Taking its norm, taking its projection to normal vector:

AμAμ Aμdσμ
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Solutions of Boundary Conditions
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General  solutions of boundary condition in both thermal 

equilibrium with EoS for parton phase as:  P=e/3

Solutions of Boundary Conditions

Phy. Rev. C81, 064910(2010)



Numerical solution from hydro to parton

26-30th  Sep Toric2010 17

Distribution of T-μ in each cells by solving the boundary condition 
QGP Parton phase

QGP

Partons Partons

QGP
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Pseudorapidity
distribution of 
the charged 
particles at the 
time of 
transition .

Preliminary results
at transition time
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Preliminary results
at transition time

Pseudorapidity distribution of the charged particles at 
different transition times.

b=30%
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Preliminary results
at detection

PT distribution 
of the charged 
hardons at 
final detection.
Compared with 
STAR data.
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Preliminary results
at detection

Pseudorapidity
distribution of 
the charged 
particles in 
central 
collisions.
Compared to 
PHOBOS data.



Conclusions and problems

• Flow observables are calculated with QGP EoS, up to the transition

• Transition is evaluated to conserve the energy momentum and baryon 

charge. EoS is different.

• Partons for PACIAE are generated by the Cooper- Frye formula with 

the post transition distribution function

• The connecting work generates the final hadronic observables.

• Transition on time and details of parton dynamics should still be  

adjusted.

26-30th  Sep Toric2010 22



Thanks for your

attention!
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