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High Energy Heavy-lon Collision Experiments

s SUATOIDEISERYMEBEIX
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QGP Z{EY T =ho1=!
@ LBL-Bevalac: 800 A MeV
o GSI-SIS: 1-2 A GeV
@ BNL-AGS (1987-): 10 A GeV
@ CERN-SPS (1987-): 160 A GeV i
@ BNL-RHIC (2000-): 100+100 A GeV ey

@ CERN-LHC (2008(%)-): 3+3 ATeV [Poz
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Hadronic Matter Phase Diagram

Early Universe
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@ Strange Hadronic Matter

HIC (~ A few 100 A MeV) = Little Supernova

HIC (1004100 A GeV)
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Comarison of TDHF, Viasov and BUU(VUU)

8 Cat+Ca, 40 A MeV
(Cassing-Metag-Mosel-Niita, Phys. Rep. 188 (1990) 363).

i L 'l Il L 1 L i Il
% 45 ¢ 5 W -9 5 0 &5 W W S5 0 5 w0
z (fm) z (fm) z {fmi
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Reggeon Exchange

(Barger and Cline (Benjamin, 1969), H. Sorge, PRC (1995), RQMD?2.1)
s Regge Trajectory J=x,(¢)~x,.(0)+x’,(0)¢

K’ Nucleon Reactions (Reggeon Exch.)

a8 2 to 2 Cross Section
29— Pi (s, 0)f
d2 64r1sp,
M (s t)NZ (pipf)J ~F (1 exp[cx t)log(s/s )]
’ R t—M K 1 g
3 4 o2
Hadron g b
Reaction p* s
- 1 x’A(1690)
/ M p g m2 :{DA{1820)
By
) XL\ gf%_)
1 9 xlt) Hadron 3

Spectrum | P e
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String formation and decay

# What does the regge trajectory suggest ? \/‘
— Existence of (color- or hadron-)String !
Kdr R Kdr r_ Tk R’
M=2 =mkR , J=2| rx
fO VI- (r/RY - IOV V- r/RZR 2 " /\\
MZ
J=
- 21K > = O+(><) + +
8 String Tension string s d g
L, (0)~09GeV? - k~1GeV/fm
s StPihs decay O ®
Extended String I
— Large E stored v

— ( gbar pair creation (Schwinger mech.) O—e O—e

‘ String = Coherent superposition of hadron resonances with various J I
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Jet Production

s Elastic Scattering of Partons (mainly)
with One Gluon Exch.

# Color Exch. between Hadrons

— Complex color flux starting
from leading partons

— many hadron production

— Jet production

s PYTHIA
@ Event Generator O O
of High Energy Reactions I
—  Jet production \
+String decay O— @0
for QCD processes

(T. Sjostrand et al., Comput. Phys. Commun. 135 (2001), 238.)
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JAM (Jet AA Microscopic transport model)

Nara, Otuka, AO, Niita, Chiba, Phys. Rev. C61 (2000), 024901.
# Hadron-String Cascade with Jet production
@ hh collision with Res. up to m <2 GeV (3.5 GeV) for M (B)

@ String excitation and decay

@ String-Hadron collisions are simulated by hh collisions in the
formation time.

@ jet production is incl. using PYTHIA

@ Secondary partonic int. Diquark
NOT incl. W . 1fm/e  Breaking
N for o~ 1GeV/im

@ Color transparency:
NOT taken care of Resonance
+ String
+ Jet
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Relativistic Hydrodynamics
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Relativistic Hydrodynamics

s EOM: Conservation Laws
6#T W=(0 Energy Momentum Conservation
0 nut=0 Conservation of Charge (Baryon, Strangeness, ...)

7" = §e+Pu“uV - Pg"’

e : energy density, P: pressure,
ut :four velocity y(1,v), n;. :number density

transverse longitudinal

T. Hirano, Y. Nara,

Nucl. Phys. A743, 305 (2004)
T. Hirano, K. Tsuda,

y(fm)

ol
5
oL

5[

A0

Phys. Rev. C 66, 054905(2002)
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Relativistic Hydrodynamics (1l)

# One more condition is necessary
— Equation of State P = P(e, n) is needed

o Independent Variables: e, P, v, n, — 6

- Z

@ Independent Equations: 4+1 =5
s Solve Hydro. in Bjorken Variables (t, 1, X, y) — Save CPU a lot !
@ Most of the Dynamics is governed by T during T < 10 fm/c
@ 1, approximately corresponds to 1, and fixed by inc. E.
8 Parameters

@ 7, (Thermalization time), Tch (chemical F.O.) — Aut+Au dN/dy
fit

@ Tth: Free Parameter

# Initial Condition: Glauber type or Color Glass Condensate
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Collective
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HIC at AGS and SPS Energies

JAMming on the Web, linked from http://www.jcprg.org/

AGS

SPS
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Elliptic Flow from AGS to SPS

s JAM-MF with p dep. MF explains proton v2 at 1-158 A GeV
@ v2 is not very sensitive to K (incompressibility)

@ Data lies between MS(B) and MS(N)

0.08 —
Prutun Vp fur AGS to SPS Energles
0.06 [
- AGS SPS
| —
0.02 | 1 |
¢
> 0 1
___ W
nnAa MS -
H —
MF for Res Analysis dep. A—
T MS(N) —
Exp. —e—
-0.08 “ S E— E—
1 10 100
Ei.. (AGeV)
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OGP Signals (III): Quark Number Scaling

# When n quarks recombines
to a hadron, v2 is enhanced
by n times.

Hadron . Parton
V) (Pr)=nv,

(P/n)

Fragmg¢ntation

_.
=
NG

AN /d pt
=,
L]
\
!f

AutAu Y, = 200 Gel; Mid-rapiddy
, ; :

045 N=2 ¢ n=3 cptp* -

P

Q
\ ﬁ Fl.iF

T["‘I']T' & /
K;+K' * o ATAY ; /

= 01 * Ks ' — , ) )

-;Ei o & +l \ A 1 q 3 b 7 8
o Py . ° ° A

0.05 ‘?‘,)P. - Recombination ™ S
. * STAR
n_l_??ﬁ ........... T .‘.".:f"T'I’.EF*.”?F'_ Fries et al. PRL 90 (2003), 202303
0 T2 3 Nonaka et al., nucl-th/0308051

Transverse Momentum p./n (GeV/c)
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Recombination Picture seems to work well
... Parton Elliptic Flow
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When and where is QOGP formed ?

# Incident Energy
@ AGS: Strangeness Enh. (High baryon p effect ?)
@ SPS:
J/y suppression (QGP?), Low mass dilepton enh. (chiral
sym.)
Hydro overestimate v, data

@ RHIC:
Jet quenching, Strong v,, Quark number scaling of v,, ...

Hadronic Cascade underestimate v, data
— Bulk QGP formation seems to start between SPS and RHIC

8 Proj./Targ. Mass dependence
@ AutAu: v,(Casc.) <v,(hydro) ~v,(data)

@ Cut+Cu: Recently Measured
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s Z1-WEI LIN AND C. M. KO PHYSICAL REVIEW C 65 034904

nﬂj& [T L e T Ly T ey ] ':I.Eﬂ' — T 5T T Al | u v T
: ] o1z | ® STAR data ]

0.07 ~ y ) L—h no siring melting ]
[ - 4 ] 0.16 L ®---83 mb with string melting

0.06 F ! . *+—e6mb E
: ; 1 0.14 - -7 10 mb

0.05 | ] i |

004 F - £ 0.10

L)

] 0.08 |

0.03 ’ }

® S5TAR data \Im

L .
002 - A—aAno string melting
- E---8 3 mb with string melting

| 0.04
001 F  +—e6mb ]
¥—-¥ 10mb ] e
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FIG. 3. Impact parameter dependence of elliptic flow at FIG. 4. Transverse momentum dependence of elliptic flow at

130 A GeV. The data from the STAR cn]lahmatiop [7] are Ehm‘".ﬂ 130 4 GeV. Circles are the STAR data for minimum-bias Au+Au
by filled circles, while the theoretical results for different partonic collisions [7], and curves represent the minimum-bias results for

dynamics are given by curves. charged particles within 7= (—1.3.1.3) from the AMPT model

Unexpectedly high parton cross sections of 0=5-6 mb have to
be assumed in parton cascades in order to reproduce the
elliptic tflow.
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Predictions of Cu+Cu Collisions @ RHIC (1)

# Single particle spectra 00— Jam -

@ Cascade (JAM) and Hydro 207 ptm
predict almost the same single _ 2 Seeiiirteess
particle spectra g "% P2

dN/dy, d*N/p ,dp dn 122 VI
8 Surprising ? ) : TR S

@ Initial Cond. of Hydro is tuned
to fit dN/dn (~ Energy per rapidity)< 10|

10°

@ Cascade use fitted OnN

cjI
Mo
T T

@ Themailzation is expected
at Low p, (long time before

{::}l
Fu
T T T

S
o

d N/2npr dpy dn (Ge

particle production) e

. e 05 1 15 2 25 3
— Coincidence may not be o (GeV)
Slll‘prising'{imno, Isse, Nara, AO, Yoshino, Phys. Rev. C 72(2005), 041901

<,
oo
o
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Predictions of Cu+Cu Collisions @ RHIC (II)

# Calculations were done BEFORE
the data are opened to public.

# Cascade and Hydro predict
very different Elliptic Flow !

Vzl%e)

@ Cascade: small v2
— Small int. in the early stage

@ Hydro: large v2
— Strong int. after T=7,~ 0.6

fm/c

)

O AN W AR D N OO
LI LI LI 1

s T" dependence

@ T =160 MeV ~Tc =170 MeV
— short time of expansion
in the hadron phase

@ 7" =100 MeV <Tc= 170 MeV

U 11 L EALLLLY

o
o
=
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10}

i T | R SO 1 R o
r 1 T° 1

IJHMI 1 1
Hydro{100) ——
Hydro{160) —a—

0 1 2 3 4 5 & 7 &
impact parameatar bifm

- =5 fm

JAM —s—
Hydro{100) ——
Hydro{160) —=— -

41 /22



Compared to JAM Model

o 01: b=5fm . u1_ ;
> 000f — VAM —Hydro(100) | S» ggef. — YAM /
008 ' PHOBOS (1525%) — Hydro(160) o0sf.  ydro(100)
0.07 preliminary 007 — Hydro(160)
| 200 GeV “IE v PHOBOS
0.06 0.06F o /
15-25% Cu-Cu - preliminary ;,f
=/ 0050 200 Gev }
rrors .04 Cu-Cu /f
| 0.03)
U.DZE—
0.01F
u A EEEE NN NN NN F RN AN N

0 1 2 3 4 5 6 7 8
fm

Cu-Cu more like Hydro than JAM hadron string cascade model

Here JAM uses a 1 fm/c formation time. Hydro (160) has kinetic freezeout temperature at 160 MeV

%'E.% Division of Nuclear Physics, Maui, 2005 Richard Bindel, UMID 32



After Data are opened, ....

# Hydro wins Cascade at RHIC even for Cu+Cu collisions in the
initial stage evolution.....

s “Reaction Phase Diagram” seems to be .....

Au+Au OGP

Cu+Cu
Hadron

d+Au

AGS SPS RHIC
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Jet-Fluid String Formation
and Decay at RHIC

Hirano, Isse, Nara, AO, Yoshino, in preparation
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Hadronization Mechanism at RHIC

s Highp,: Indep. Frag. of Jet Partons (E.g. Hirano-Nara)

O Explains pT spectrum when E-loss is included.
X| Elliptic Flow v, is small at high p. | < This Talk

s Medium p..: Recombination (E.g. Duke-Osaka-Nagoya)
O Explains Baryon Puzzle and Quark Number Scaling of v,
X Entropy decreases in “n — 1” process

s Low p..: Equil. Fluid Hadronization (E.g. Hirano-Gyulassy)
O Explains p, spec. and v, at low p .
X Results depends on the Freeze-Out Conditions

OGP Signals are understood separately,
and they are not necessarily consistent.
— Further Ideas are required !
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How can we get large v, at highp, ?

# Quark Recombination — Combined Objects have larger v2

J, 9)= +2 v (p/2) cos ¢) X (1 +2v,(p/2) cos ¢)
~1+2x2v(p/2) cos

s Energy Loss in QGP generates v2
@ Large/Small suppression in y/x directions

Plausible Hadronization giving large v2 at high pT
* Combination of several partons
* Large Energy Loss

— Jet parton picks up Fluid parton
and forms a string (Jet-Fluid String)
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Jet-Fluid String Formation and Decay

Jet production: pQCD(LO) X K-factor (PYTHIAG6.3, K=1.8, pp fit)
o =Ko pOCD(LO)
Jet ]et
Jet propagation in QGP
3D Hydro + Simplified GLV 1st order formula X C
(Hirano-Nara, NPA743('04)305, Hirano-Tsuda, PRC 66('02)054905. Web version!
Gylassy-Levai-Vitev, PRL85('00)5535)

e 2E,
AE= C><91T—C de (T=T,) pesrlog(—

")

U L QGP e
Jet-Fluid Strmg formation e ’
Fluid parton breaks color flux, I
o o Jet-Fluid String
according to string spectral func. R i
P(Vs)e®(Vs=s)  (Vs,=2GeV) -

Only ¢ and light g (qbar) are considered.
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http://ntl.c.u-tokyo.ac.jp/~hirano
/parevo/parevo.html

QGF Fud Evalution

A realistic space-time evolution of fluid parton density is indis pensable for
quantitative estimation of parton energy loss in relativistic heavy ion collisions.
In this website, we make our hydro results open to publie. We used these hydro
results for studies of jet quenching and back-to-back correlations in the

following papers:

T.Hirano and Y Nara, Phys Rev Lett 91.082301(2003),
T.Hirano and Y Nara, Phys Rev.C69 034008(2004).

[nitial parameters in hydro are so chosen as to reproduce the pseudorapidity
distribution observed by an experimental group. The resultant initial parameters
are Emax = 45 GeV/ftm3, nflat = 4.0, nGauss = 0.8. For further details on
: initialization in our model, see |
-.ﬂ' http: fintl.c.o-tokyo.ac . jo whiremo perevofoarevo bkl [| & site Stutes Mot Verified




Energy Loss Factor C : p, Spectrum Fit

s For the same C — dN,.¢(highp,)>dN, ,(highp,)

s p, spec. fit — Ind. Frag.: C = (2.5-3), JFS: C= 8
— Large Energy Loss is necessary / allowed in JFS

PHEnix :l'-:lI I{XZE -

2 : .
- JFS (C=8), 7 —
, : , o . Ind. (C=2.5), 1" —
e 10% | ¢ PHENIX(n x2) * | L Cent=0-10-20-30-40-50-60 % |
i) L PHENIX e, b=3.1, 5.5, 7.1, 8.5,9.7, 10.8 fm
- STAR - = 1072 x 10%107,102,107 107 10°%)
S 10" Ind.(C=3) 3
= JFS(C=3) = 107
2 (C=8) — S
= 10 (C=16) — < 10°
= -
= =3
B
=E: I “.4 % 108 |
= y
'Eq-. - l]-Il'.i
Z 106 | | ; ! 1
i, 107 [ AusAu, Vs=200 AGeV, b=7.4 fm =
| ' ' | 10" | AutAu, Vs=200 AGeV 60
0 2 4 = \’fﬁ 8 10 . 2 ' : S -ﬂ
eV/e 4 6 |
Pr } pr (GeVie)
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Elliptic Flow: p, Deps.

s High pT v,:~5 % in Ind. (C=3) < ~8 % in JFS (C = 8)

0.2 Eﬂiﬁ$

¥a

TK(PHENIX) —e-
h(STAR) —=-

Tr:[ndC-S}— l

.

Au+Au, vs=200 AGeV, b=7.4 fm

0.1 g — |
!

0 2 4 (i) 8
pr (GeV/e)

0.2 |

Au+Au, vs=200 AGeV, b=7.4 fm

T, K(PHENIX) —e-

h(STAR) o
AYRE aS(QFS, C=8) — |
E H y g HHFdE%
\ : gtr 1

e
L —
~—

e —

2 4 6 8 10
pr (GeV/e)

12

‘ Origin of Large v, = Large E-loss factor C + Fluid parton v, I

Xé#& B, HSS +=+— No. 11, 2006/06/23
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JES Summary

8 Jet-Fluid String (JFS) formation and decay is proposed
as a mechanism to produce high p.. hadrons.

@ Effecitve to produce high p. hadrons

@ Event-by-Event Energy-Mom. conservation < Ind. Frag.

@ Entropy does not decreases, but increases. <> Reco.

s When we FIT p_spectrum, large v, emerges at high p .

@ Large E-loss+fluid parton v,

4 Problems and Homeworks QGP e
. 0 ©
@ Mechanism of large E-loss .
Fluid Parton e O
@ d+Au fit — Cronin Effects . Jet-Fluid String
o Jet t
@ s-quarks, string spectral func. o PR
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Summary

# Heavy-ion collisions up to SPS energies seems to be reasonably
described by using hadron-string cascade such as JAM model,
while HIC at RHIC requires earlier thermalization (larger
anisotropic pressure) even in lighter nuclear collisions such as
Cu+Cu collisions.

# There are many things to do in high-energy heavy-ion collision
physics.
@ AGS-FAIR-SPS energies
Nuclear matter EOS, Baryon rich QGP, Strangeness enh.,

@ RHIC-LHC energies
Detailed studies of QGP properties have just started
— Consistent understandings are not yet achieved,

an| Sa_:g: ol for list-ening ! I
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Backups
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Effective Free Energy with Baryonic Effects

s Effective Free Energy

2
¥
i = 4 4 p®l ~(g) o
Feff(qu) _ ;—)&2 ! FEH (ygfj'q) —l_Feﬂ' (gq‘f" ;“)
1.2
G[h!:l} Ist — 1
L R . 2nd --- - 05
1T~ i TCP e A
0.8 \\
] ‘ 0%
! -
S G[lil} Y ‘“-E
0.4 (one local min.) ’,*’ \ = -0.5
”.2 - & ]i" A -l
() - ﬂﬂarvon Ef .l'l.jl -1.5 | I
0 01 02 03 04 05 0 0.5 |
W1 o/T,

Baryons Gain Free Energy
— Extention of Hadron Phase to Larger u !
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RMF with ¢ Self Energy from SCL-LOCD
8 ¢ Self Energy from simple Strong Coupling Limit LQCD

S — —3(M,VyM) (1/d expansion)

—  bo? + (Y ox) (auxiliary field)
2 2

—  bo*|—alogo ermion Integra
l log (K Integral)

#a RME Lagiaugiau
@ o is shifted by f, andl\gma gxal}y B/peaf{;m eltfeylg%gy

added.
L= ("0 — v Vy — M + goo) p + L + £ + £
A
_L'r_',!' + — 1 (u‘;;—tw; )2
_ _ x2 _fﬁ2 2 2
U, (o)=2af(olf_), f(x)—z —10g(1—|—x)-|—x—7 , a= (ma_mn)
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Nuclear Matter and Finite Nuclei

# Nuclear Matter: By tuning A, g,N, Mg, EOS can be Soft !

s Finite Nuclei: By tuning g ON? Global behavior of B.E.

is reproduced, except for j-j closed nuclei (C, Si, Ni).

. 9 . .
Eqgation Of State ., &
80 q O s/ e
Bbgg‘g e = 8 {L" : Ii;v‘.(,‘ﬂ'Ni Zr  Sn wosmemsensesy, |
S 40 | SCL-SUQR) — 5 | o[
= 5 1| | A 7 Ca |
< > | 6L 4/ % Si :
1 gV (n 51 71 .
0 @ || C 4l c 0 |
20 g, 3 L '
. . . . . ; TM1 and EI.... S | 10 20 | 30 40 .ED
0 01 02 03 04 05 06 . o py- 00
pr (fm™) A
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Elliptic Flow: Parameter Deps.

s v,(jet): saturating behavior 0.1
(large E-loss limit) ~ 8 % 0.09 |

s v,(string): growsup to~10 % 3 0.8

larger than v,(jet, limit) Eﬂ-ﬂ?

s v, (h): string decay reduces v, e

. . 0.05

— v,(jet) <v, (h) <v,(string) o

1 (Ind.) — ,,f’f--_-_-
1 [JI:‘S] — ,f"j
string ~
—~
JES
Au+Au, V=200 AGeV, b=7.1 fm
2 Ind. 4 8 16

C (Energy Loss Coef.)

For p>2GeV (p,=10 Gel)

JFS with C =8

Xé#& B, HSS +=+— No. 11, 2006/06/23

Ind. Frag. with C=2.5 —v, =5 % (4 %)

Large E-loss factor C —
Fluid parton v, —

+3 %
+1%

v, 9% (8 %)
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Hadron Formation Time

JHF Energies SPS Energies

15 fm i
m
4-5fm 1-2fm |
Multiple Hadron-Hadron Collisions String-String, String-Hadron Int.
C 7 (Approx.) Thermalized Hadron Gas + Int. within Co-Movers

It takes T = 1 fm for hadrons to be formed (and thus to interact)

— Pre-Hadronic Interactions are necessary at SPS & RHIC
— Hot & Dense Hadronic Matter would be formed at AGS & JHF




Comparison with Previous Works

# J. Casalderrey-Solana, E.V. Shuryak, hep-ph/0305160
@ Quarks, diquarks and gluons in QGP cut color flux (~ JES).

@ Large E-loss is generated by “phaleron”

@ Large E-loss leads “surface emission” — large v,
# Recombination (Duke-Osaka-(Minesota)-Nagoya)
» Predicts large v, (~ 10 %) at high-pT
» Sharply edged density dist. — E-loss UL —v,=10 %
»Woods-Saxon density dist. — v, =5 %

@ Entropy problem: S(QGP) = S(H) requires Res. and Strings
@ Spectral Func.: o func. < 0 func. in JFS
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K-factor

s K-factor — absolute value of 6

s Experimental Data: pp > 7’ @ \/sNN =200 GeV (PHENIX)

bi d’ o o.pQCD(Ist) AN pOCD (1st) o.pQCD(lst)

K

A=K

o® anpoTdy_ o™ 2mp,dp.dy o

¢™*P = 21.8 mb (trigger)
¢ PQCPUsH = 9.9 mb

s pythia6.3 fit:
A=08—->K=1.8
((sjet (p,*"*>2Gev/c)= 17.5 mb)

# pythia6.2 fit:
A=09—->K=20
(0.~ 19.6 mb)

.

N2 py dpq dy (GeVie)?)
s 3 =
) = =

dl
=
=

Xé#& B, HSS +=+— No. 11, 2006/06/23

exp

" 2 (PHENIX) ——
pythia6.3 (x 0.8) ——
6.2 (x0.9) ——

0 2 4 6 8 10 12 14 16
pp (GeVie)
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Combined with Low p_ spectrum

8 Low pT spectrum is assumed and combined.

E

d*N/2n py dpy dy (GeVie)y?)
=

d’ NHyd
dp’

6 JFS: C=8

" PHENIX(n'x2) °

" Au+Au, Vs=200 AGeV, b=7.4 fm

PHENIX
STAR -

JES(C=8) — |
Hyd.

Hyd.+JFS —
ini-jet

. jet. -

sirmg

0 2

6 8 1(

(pr)=Aexp(—p,IT)(1+BI(1+(p;/p,)"))

A

“iz f

v (pr)=0.14 p,

T, K(PHENIX) -e-
h(STAR) —o-

T [JFS C=8) —

L

J

L41]

m, (+Hyd.)
jet

str -

—
e —
=
S

|
pr (GeVie) Au+Au, Vs=200 AGeV, b=7.4 fm
2 4 6 8 10 12
pr (GeV/e)
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Nuclear Modification Factor

s pp Deps.

R, , (hard)
= & T TR T
= U8 = o S 08 b

—
5

L]

=
b

=

pr (GeV/e)
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Discussion

s Mechanism to produce high p_ hadrons in JFS
@ String Decay from Lorenz boosted fluid

@ Relative momentum is relatively small
— Smaller number of hadrons with high p_ are formed

< Independent Frag. (Large no. of Low p. hadrons)

fluid et Frag.

Jet
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Energy Loss Factor

s Additional Factor for Energy Loss — High p_ hadron yield
s Exp. Data: p_spectra of 7 in Au+Au (PHENIX,STAR)

dZ NExp. _N 1 dZ NJFS(C)
210 prd prdy JethetZTrppoTdy
— Determining Njet is important !
Ncoll =373 @ b=7.4 fm (PHENIX estimate)
=17.5 mb (pp fit pythia 6.3), 6™ _=47.4 mb (JAM)

NN

o
N; O-Jet jder (rp+bl2)T y(r—bl12)=—35 N 0

Jet NN
tot

TA(rT)=fdzP(rT’z)

K& B4, HSS +2+— No. 11, 2006/06/23 64 /22



Further Problems

s Very large energy loss is required to explain p_ spectrum.
@ C= 8inJFS & C=2.7in Hydro+Jet model (Hirano-Nara)

Is it possible to justify this large energy loss ?

a Elliptic flow at medium pT is underestimated.
— Fluid-Fluid String would be necessary to consider.

# Large baryon yield at medium pT may not be explained.
— Three parton string ? (Jet-Fluid-Fluid, Fluid-Fluid-Fluid)

# String formation probability should be evaluated
in pQCD matrix element + string level density.

# Strange hadrons
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EPphIITRILFE—ILE

s Backward Peak DjE%
— BHIZ 10 GeV A—F—DIRILX—% 4

— BEEib? RE

EE?

s SIEDEERT—2 (2005 ~)
— 180 BEXY/NESWLWAEICTIRILEF—N
KYBHHESNTLNVS
— DxyMILAHEERER
@ QGP DI EFE | (v2 = de/dp) BlE D ATRENE

Pt NALY i
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94 —0D T 8 i
s 6FEEDEY (FL—/\—)ZEHD

@ up, down, strange, charm, top, bottom
s Jx)LSF DI, RCKEIZIDOANDS,

o A FIF=RICTEE -RILRAZEDI+—IMN3DRILEMEEIZH S
— IL—\— REV RSN TR (1, g, b) BEHEZLD,

s DA—ODIEJFEACLCHLNTIVS
o PA—YBEMTIIERASH (TLY) ALy
o 3DDIVA—VDRE (BZ%FIEE) . VA=V ERIFA—I D>t (= BIF
HE) O (/\FOY ) TOABHAIEND
s INENWEEDIA—IDNKRFLHEELLS,
o u,d V9A—IDHEEIL 5MeV BE — 3 DEFSHE 1000 MeV
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ERTIEIEDEBEFETRATL\OH ?

T
. LA L I E L R B B BN
eTrIy universe early universe
LHC
| quark-gluon quark-gluon
lasma
RHIC plasma P
Dense Hadronic Medium
;‘ < E's %‘ r‘ll_[=0_5 .-"-fmS -
% »or B s P n,=0.38 /fm’=2.5 n,
” @
o - 1 5 LQcD |
S5 200 (YW ] % 200 Q
E = T —
E. . 2 Bag Model
- E 150 -
E 150 - 2
8 o ]
! '/ /, deconfinement 100 |
100 L ehi — SIS
[ ./ chiral restoration | _ -3
| thermal freeze-out A/ ™ ] - n,=0.12 fm
: sp | Dilute Hadronic Medium @ % -
50 = — | nn_=0.341'{im33 atomic )
hadron gas . ] n,=0.038 /fm”=1/3 n nuclei
935 | atomic ,-0.038 fi-t/an, | nuglel neutron stars
. 1 | nucllel 0.2 0.4 0.6 0.8 1 1.2 1.4
a2 0.4 0.6 0.8 1 1.2 1.4 baryonic chemical potential ug [GeV]

baryonic chemical potential 1, [GeV]

2002 (Braun-Munzinger et al.
1998 (J. Stachel et al.) J. Phys. G28 (2002) 1971.)

BFOCD B FE T IBEEE
I EE T RO DS TLE !

X#E Bi, HSS +=+— No. 11, 2006/06/23 70 /22



