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ZEIoW By dtodynamics works at RHIC

6. 'ybrid models based on hydrodynamics

— [afermation of the inside
= (jet quenching , EM probe)

— Improvement of initial stage
4. Improvement of ideal hydro (viscosity)

5. Summary

Tetsufumi Hirano (RBRC)
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I Hydrodynamicsy(contd. )™

Space-time evolution of energy density in

aNN)—2U0 GeV 7 Au collision at b=7.2fm

A full 3D hydrodynamic simulation with a CGC initial condition
Talk by Y.Nara

Tetsufumi Hirano (RBRC)




Hydrodynamics provides
us a very intuitive
and simple description of
relativistic heavy ion collisions.
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Dense or dilute?
Iif dense, thermalization

If thermalized, EoS?

i dN
dprdyd 2 = (1 +2v1 cos(¢) + 2vp COS(2¢) F=-=)
- ¢ N A.Poskanzer & S.Voloshin (*98)

= fd¢cos(2¢)p dedyd¢ _ (cos(24))

f Qb poTdyd
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Roughly speaking,
ideal hydro gives a good description

b5 fm,
prS 1-1.5 GeV/e,
|n| < 1-2

For improvement of models, talk by U.Heinz

Tetsufumi Hirano (RBRC)
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Hydro: P.Huovinen et al.('01)

See recent excellent reviews, 0 5 10 15 ) ;t; 1;255” 34211
P.Huovinen (QM2002) , nucl-th/0305064; _ e
P.Kolb and U.Heinz, nucl-th/0305084; Hyaro: P.KolneLalCat

: (Note: Hydro+RQMD
E.Shuryak, hep-ph/0312227, today’s talk. gives a better description.
Tetsufumi Hirano (RBRC)

D.Teaney et al.('01))
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dea Eydro SCCms to givea
L ood description at REIIC

‘ hat’s next?

1. Making the most use of hydro

= models to study the RHIC physics

2. Checking how robust the
current results are when
hydro models are improved

Tetsufumi Hirano (RBRC)
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Floy hydrodynamics works at RHIC

I jo sadimodels based on hydrodynamics

' Information inside fluids
EM probe)

'— Improvement of initial stage

4. Improvement of ideal hydro (viscosity)

5. Summary

Tetsufumi Hirano (RBRC)
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Aut+Au at b=2 fm soft
T.H & Y.Nara("03)
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D532 Flydro as a Tool to Analyze S8
B tromagnetlc Radiation

158 A GeV *™Pb + *®ph
Central Collsions

J ‘P"rgr'|'|=' rate
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~ C.Gale & J.Kapusta ('91)
Talk by G.Moore

s'Invariant spectrum of photons

——n(T, p)Im I_IR 3

D.K.Srivastava & B.Sinha(’94), J.Sollfrank et al.('97),
J.Alam et al.('01) and a lot of work
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N.Arbex et al.('01), T.H. & K.Tsuda(’02),
T.S.Biro et al.("93), D.K.Srivastava et al.('97), D.Teaney('02), P.Kolb & R.Rapp('03)
A.K.Chaudhuri('00), D.M.Elliott & D.Rischke('00) Tetsufumi Hirano (RBRC) 20
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—— Thermal v, Eq
—— Thermal ~, Non-Eq

LHC Pb-FPb
Fully central

dN“"/dy = 2900
70=0.1 fm/c

Tetsufumi Hirano (RBRC)
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Blioward an unificd model in HIC-

Grotle IHydro Initial condition
1, Cyikig etal. | SHASTA (2+1D, Bjorken) HIJING, event-by-event
AN ORI et al. TLagrangian hydro (full 3D) | URASIMA, event average
| B.Schic ct al. HYLANDER (2+1D) VNI, event average
’ (S.E.Aguiar et al. SPheRIO (full 3D) NeXus, event-by-event

L.P.Csernai et al. Particle-in-cell (full 3D) String ropes, flux tubes, classical YM
K.Eskola et al. SHASTA (2+1D, Bjorken) pQCD + final state saturation
T.H. & Y.Nara 7—1] coordinate (full 3D) CGC, ¢(k,%x) ala Kharzeev & Levin

Tetsufumi Hirano (RBRC)




*Smoothed Particle hydrodynamical evolution of Relativistic
heavy IOn collisions (Sao Paulo & Rio de Janeiro)

C.E.Aguiar, R.Andrade, F.Grassi, Y _ﬂgr_n_
r) ’ [
:) > _rf' he RI O o T Kodama, T. Osada O.Socolowski Jr...

VN eatlres: Poster by F.Grassi

A _r_!_ O Beloree n 0 ian hYdrO)

Merical cost cheaper than conventional finite grids
iod(Evenin 3+1 1D, any geometry)

Lye t =by=event physics (NeXus + SPheRIO=NeXSPheRIO)
INEXTIs:patton based Gribov-Regge theory)

Energy density Energy density
of single event of single event

Spectra _ Spectra
from @ 5\) from

Similar approach based on HIJING:
M.Gyulassy et al.(’97) Tetsufumi Hirano (RBRC)
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T lihictoy density in the ttansyetse plane (z=0)

Bumpy!
Single event (b=0fm)

Average over 30 events (b=0fm)
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2501~ (50 events) — withont fluctnation —
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ReEStts ftom NeXSPhe RIO®©

O+ Pb 17.3A GeV Effect of initial energy density

Conmality: 0-5%  ——— with fuctuation | | nctuation (simple EoS case):

i
() = Nz :(event average)
i

(S)final ~ (S)initial %D

Negative!

Multiplicity is reduced by ~107%!

A B el pt slope is not affected largely.
o — Wi Tacion = v,(pp) and its fluctuation?

1? Now the hydro simulation becomes
o close to experimental situations
oo like event-generators!

B Tetsufumi Hirano (RBRC)



- =
o2 CGC+Hydro+JetsModelr

T.H. & Y.Nara
Talk by Y.Nara
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Results from CGCHhydroset

T

1000 : 1000~

9003\1 nn=130GeV — CGC+hydro 900 \J nn=200GeV — CGC+hydro Au+Au Sql't(SNN) = 200 GeV
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5 600 5 600F T m— b=2 0fm
T E T E ——— b=5.0fm
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T 4005 T e =0 Ty
3005 = B PHENIX 0-5%
c c «  PHENDX 10-15%( 107
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For details, talk by Y.Nara
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Floy hydtodynamics Works at RHIC

Fly rld models based on hydrodynamics

: _,*_"-‘ niermation of the inside
= --=(3et quenching , EM probe)

T —

— Improvement of initial stage
4. Improvement of ideal hydro (viscosity)

5. Summary
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openeur mind /
Syarodynamics can

BUPiised even for
= High p7 physics in

-
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Jiet fiomography
EM probe
(J/¥ suppression)

Keep in mind /
How robust is the
current agreement
of hydro?:
Chemical non-eq.?
Initial fluctuation?
IScosity?
hermalization?
0S?
(Freeze-out?)
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