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Introduction

e Pre-equilibrium stage

—initial state (vang-mills “hadronization”

flux tube model) W
e Quark Gluon Plasma =2

FD/hydrodynamics 2> HG

Particle In Cell (PIC) code

e Freeze out, and QGP
~simultaneous

“hadronization” > Pre-equilibriurn stage

e Phase transition on —b g
hyper-surface—>
partons/hadrons

Primary nteraction



1. Relativistic Fluid dynamics model

Relativistic fluid dynamics (FD) is based on the conservation laws

and the assumption of local equilibrium (= EoS)

Nﬂ’,u:O [N’ud&y]zo
Tﬂv’ﬂzo [T“Vdé\-ﬂ]:()

N“=(n,j) 4-flow

3
T :jd P b0t (x,p) energy-momentum tensor

For perfect fluid: T =(e+P)u“u” — Pg””

In Local Rest (LR) frame = (e, P, P, P); 9" =g, =diag(l,-1-1-1)



2. FD expansion from the tilted initial state

Flow velocity
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3. The rotation and Kelvin Helmholtz Instability (KHI)
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4. The methods to detect rotation

The rotation indeed exist in HIC at LHC. How to
detect the rotation seems interesting and
necessary. 3 three suggestions:

->v1 directed flow weak at High HIC
->Diffrential HBT

->Polarization
[F. Becattini, L.P. Csernai, D.J. Wang, arXiv:1304.4427v1 [nucl-th]]



Two Particle Correlation Calculation

B P>(p1,p2)
C(p1.p2) = Pi(p1)Pr(p2)
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C(k,q) =1 R(k,q)

| |f d*r S(Zlf, A) {2

R(k,q) = RelJ(k,q) J(k, —q)]
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The source function:

nltx) (K o L. .
S(e, k) = ﬁ({)é 1) exp { THL]

] exp(iqr)

k- ugand kHa are invariant scalars
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Details in [L.P. Csernai, S. Velle, arXiv:1305.0385]



1. Two steady sources

[T. Csorgo, (2002)]

1 :
Clk,q) =1+ 5 exp(—R?q*)[1 + cos(2qx,)], R is the source size
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[L.P. Csernai & S. Velle, arXiv:1305.0385]
2. Two moving sources

Ekuﬁ qu. o
C(k,q) =1+ eXp(_qug) cosh ( T ) + CDShDDSQGIS}

cosh (‘:"Tzfi) +1

2,0 = |
| e—
1,8 |

Flow is mainly in x direction!
Detectable



3. Four moving sources
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The sources are symmetric
->

Not sensitive to direction
of rotation!



5. Inclusion of emission weights

=1+ exp|
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DHBT method

-
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AC(kx, gout) = Clh+. qout) — C(k_. Gout) _ k-\ (X /k+
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_| Smaller k values

Differential Correlation
Function (DCF) (DHBT)

Sensitive to the
speed and direction
of the rotation !

The zero points are senstive
to the rotation velocity
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Results in our FD model

[L.P. Csernai, S. Velle, D.J. Wang, arXiv:1305.0396] //

Bjorken type of flow = weights [Csorgo]: v/ |

R S i N2 2/ ~ 10000 fluid cells = numerical,
wes = (Ysho+kus) exp(—© Qo/z) & not symmetric source!
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with flow
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Flow has a
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for larger k



X’ Separation of shape & rotation
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[G. Graef et al., arXive 1302.3408]

Still both rotation and
shape influence the DCF
so rotation alone is
not easy to identify

->
We can use the work
[G. Graef et al.,
arXive 1302.3408 ]

To reflect an event

CF’ := (CF + R[CF])/2
will have no rotation

->

Rotation and shape
effects can be separated



Summary

e Correlation for different source configurations
are considered and discussed

e DHBT method can detect the rotation and its
direction

 The flow has a big effect on the correlation
function

 We plan to separate rotations and shape

Thank you for your attention!



