BA O RREBRUNA/NN—F RS- D
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BESHT—TINDWE

ALXE Xy

8 AGS-SPS-RHIC IRILX—DNEAF VR
8 NAN—BRIET—RIZEBINARAY TRTUvILDRTE
s EFRERANEDEICBSTARFREEST

s BHEWMEDEOS LEESTT—TILDIESEL
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Hadronic Matter Phase Diagram

Early Universe |-||C, (~100 A GeV

T

~ 170 MeV|

QGP

SuperNova

@9
5~ 8 MeV
1 Black Hole|
o P\ .
'.'_' I Neutron Star

L-G. Coex. Nucl. MﬂﬂEE_ Stranae Matter
HIC (~100 A MeYD

Various States of Matter
characterize Compact Astrophysical Objects and Phen.
and can be probed by HIC and Hypernuclear reactions
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BITFRER (C): XG, 5 (2003-2006)

s [BEAAVBUNN—BRIGIEISEFEMED
REFEAEBRETMT—TILOEE]

A)AGS-SPS-RHIC IRILX—DEAH R
B/ \NMN—BRIGT—RIZKBNARAY FRTU I Y ILDIRTE
CEZEBHEVHICETARFREESH

D)ETEMHED EOS LEESTT—TILDEEL
BHERRE A D=X L

T4 QGP
~ 200 (a) Heavy-lon
MeV
(D) Supernova
2~8 |z Color Supet
MeV

Neutl;on Star
Po Y ~10p, Ps
(c) Fragmentation I(b} Hyper Nuclei
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High-Energy Heavy-Ion Collisions

AGS

SPS
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GSI-AGS-SPS TR NF—DEB1H1 >R

Isse, AO, Otuka, Sahu, Nara, PRC 72 (2005), 064908.

s RH
[XRFS>TLVELY

BEIFR . EYIF/ICHEHRTES. AGS (~10 A GeV) £TTIE EOS

s BEEXRFIEYBEEZYANT-DRT—FEE (JAM with p dep. MF)
[Z&Y 1-158 A GeV (GSI-AGS-SPS energies) THD v2 ZiCi ARk

8 CCT

BT,

HIR/ A DA EEDEE

kT—’)"?b‘Eé

J20—TO EOS RFE
— KU LB AN E

AWV EHIFEOWMYANE
(RQMD/S) Tl&. v2 [E EOS [Z 008 —

0.06

W 0.04 |

0.02

-0.06

MF for Res

Proton v, for AGS to SPS Energies

AGS SPS
1
$

Analysis dep.

10 100
E,.. (AGeV)
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RHIC ZRINF—DEALH >R (1)

Sahu, AO, Isse, Otuka, Phatak, Pramana 67 ('06), 257.
Hirano, Isse, Nara, AO, Yoshino, PRC72('05), 041901(R)

8 RHIC TRILFX—TDHARr—FIER!
@ AutAu FZETERATZO— (v2) ZFE/FE
@ Cu+Cu fH3ETO prediction —» WPIXY v2 Z@/EE(HE

1

STAR(Std.]
8 r (4th)
JAM(Std.)

Isyy=130AGeV h'

T T IJAM T
- b=51m Hydro(100)
Hydro(160) —=— -

—a— '

T

0 10 20 30 40 50 60 7O

Va (%)
O = b Wk~ 0D O

Centrality (%) n

OGP it

RHIC IR IWVX—TOEAAEE (AutAu, Cu+Cu) TlE.

ERSNTWNSEBT RS ENRE (HRAEETEHEA)
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RHIC ZRXINF—DEAA>RE (2)
Isse, Hirano, Mizukawa, AO, Yoshino, Nara, nucl-th/0702068 (OM06 Proc.).
s U pT TOHFLLANFOVEBIBOIRE

? Jet parton & FIUid parton bﬁs{,ﬁé -‘\ll+’1ul"u'l,'5"'2{"]' ";(‘c\-’ Zﬂ-lﬂl"}’fb""l?lfm
AN VT NERRLT/A\FOVE AR 06
CGREDOBMRIL jet parton HINILIZHHER: TR

@ high pT TO/\FOVEREE g
£M70— v2 ZRKFIZIZE) FBHRAE

0.4

| - 4
- ¥ ;

-

g JFS+Hyd —
0.2 "'-I‘ [}'I}fd. o
. PHENIX(n'x2) -®
© . PHENIX(r®) =
° o 0 { ... STAR(n®) =
L QGP © _ Jet-Fluid String O
Fluid Parton > © 015 o*Rggo
@Gﬁo \\\‘Ml:‘ o]
°® ;; -~
«
Jet p.grton >

STAR(prelim.) ©
PHENIX(prelim.) ©

0 2 4 6 8 10
pr (GeV/e)
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| NN—BRIET—2I2&RBdN\ARAY R TV ILDRE

Effective Potential
QCD , (Free E. Density)
| Strong Coupling
Hadron Density Functional\‘
Y Chiral RMF
Bare TN Int. SCL-RMF (Tsubakihara) l
Eff. NN Int. Nuclei and Nucl. Matter
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Strong Coupling Limit/Region of Lattice OCD

Kawamoto, Miura, AO, Ohnuma, PRD75 ('07), 014502
AO, Kawamoto, Miura, hep-lat/0701024

s #BFQCD DEVTAHILA-VZAL—3Y 1.2

o F—[REFFELEM, !
BERHFEIL sign FEDT=- CHEf 08y

6 r

s 87 QCD DRHAIER / RESEE o

@ i&ﬂ‘iﬁﬂfib“s EBE%E—G:E) -2 ,,,,, Ihumwn
RHTRIZZET E AT RE "0 01 02 03 04 05

W,
° BMESBETH/N VAR
— HEBILFRTU v )L ORI T
(I\Pny*ﬁ-téa)l*)l/¥_'7=’fy) < SCL (no B)
— ENTHHEBILERT VIV l,
FREBEREICHRTNSTES -

SCL withB —
SCLwioB ---- |

I/1

@ gﬁﬁé@ﬁﬁ (NLO, l/gz) I 1l
— HEBREDKETRD " “
1%? QCD o)gﬁﬁ Eﬁ:ﬁ + I{UT-/%%IZJ-;Us 7, }u.s
QCD DIRERABERIZEZONAATHER =
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NAN—=BERRIEE . ERT I

Maekawa, Tsubakihara, AO, nucl-th/0701066 (HYP06 Proc.)

s BYMEDTONARAY -RTOIRILDRS 50
- P EFEVHE. SEEBEHFENED 6
HEEREER N

E_
et
—
——
-

@ AT RTUIYIL: REREHS ~-30 MeV ;jgﬁg t :
@ X, Z: NMNN—BRIENHOHHT §:§ + }
s KTV v LHRERYANL 2 8oy :
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=
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[T 128K TE
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28aer -ty S s T
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T2ME EOS -BESfm 71

Ohnishi, Numazu, (2007/3/15-17)

11



NARNAERYANT-BHEWR EOS T—T /(1)

Ishizuka, AO, Sumiyoshi, Yamada, in preparation

4 /\’r/ {_*Z}imb\lazr_\ﬂ&éné ,Hw.tm'.l Ei:nlnr }I‘Inufr |

NRARTFoIvIVEERELT o [2Ren e ]

NRAVERY A= EOS T7—T )L R

d EJ'IE?E/\O);'@J 10°2 T ]
o BEETI- [EMEABALL [N

- - —r-—-ﬁrH____
- . = =
L —————————

o ALWRRIYFIM > BRATA6M ) » ')~
[, [FE A DRTUIVILTRED A

0.1 1 l'f]ll-jl
2.5 - .
. -
5 -
E-w 1.5 —
- 1L |
f Shen (Nepy ----
7 05 NYep _ N
NYrep -
0 . o IINYI'_-"'I!.H.J:I.'HI —
1014 1013 1010 e N R SV
Central Density (g/cc) 0 02040608 1 1.21.4

Pp fm)
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NANOERYANI-BTEWR EOS T—T N (2)

Ishizuka, AO, Sumiyoshi, Yamada, in preparation

s HREE (EHEVE) NDER
@ p<2p,. T<20MeV EBETIE, NROVRKEFLEAERNGL,

° BiR BT EMEETIEIRELKE
N\FL', T—C:”,ﬁ'l- T=10 }-"IE"T, 1’1_1:“_4
100 —7 . .
o /SB=10
P (A T Y/B=10 % v
;'-_: ﬁ” | H,” i ;;_'
2 [
S A0S 1% 2
/0L % l
20) R —
0 o T
0 0.1 02 03 04 05 i
. -3 o
pg (fm™)
Black Hole #REFTD

0 ""I}-J-"f)”S 1 1'714
P|;(fm)

NARAVDOEEE ?
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BB T EWN LB 5E

s RENTENEVEREAER
@ Liquid-Drop #2&! (Lattimer-Swesty)
» Skyrme B OFEEKEH (K=180-350 MeV)+Liquid Drop
@ Relativistic EOS (Shen-Toki-Sumiyoshi-Oyamatsu)
+ RMF-TM1(K~280 MeV)+Thomas-Fermi T +a

s ERETOMES s
[RIEFH + BTFH R IS — B E |~ DEBA
N DT EREEEHET

@ Shen EOS TIIFREFEDFE e Unif. -----
> 0l _
@ Lattimer-Swesty EOS < "
— Maxwell construction T S 2
@
o .15 | e
- T=0, Y=0.5
-20 i L L
0 005 01 015

Barvon Density (fm™)
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BEH W, IXEDBHE

s BELTWAREBAEX-BESHT—IIL
—> Chiral SU(3) RMF + NSE(incl. a) + Pasta

s [ Chiral RMF+ &/ \R A IZLPBHEYMHE EOS HEEDEE

@ Chiral RMF: BES#EF QCD ITETE, HEMFESHLYEOS
— Shen EOS KYFEEBRRERIRILE—H 1-5% BN (#ER)

@ EH/N\RY: I MEPDETHRELFEREZOBLVNRIN—FRNBEADER
BEBOMT S,

8 [BZFAHR+IN\RR|DH Tl BEFEMRE. HAVLIXIENFRHEICHL
TEAITESIZEIE LU,

o BEER: o HEDTHREFHIOTE
o BEER (~p,): BT/ SR% (~ BT ) LRI/ SREOBE

s EFZERD EOS [FRFEB/ETRNX—ICKELREEEZS
o p, KYDLEVBETO+HLEANEELEZ NS,
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F&

s B EMATEBELE-REDETIRR

@ AGS-SPS-RHIC IRILX—DEAAVEE
— SPS MlEDIRILF—IEEOS ADFHIBEZEHRSEZ TLVELY

@ NAN—BRIGT—ZIEBDNARARTUI¥vILDRE
— = (& -15MeV BECEFE.
L IXELEREENESH, +30 MeV EBETHAS,
— X, ERAHVTEREIYFAWNTHNIE, (2-3) p, TIEADBEE

o EREEHEMEICHITARFREEST
— BOMEEOS &5 ZBRF#%., \RADEEIL non-trivial
(Shen EOS [EIEAMBLMNESZEEOTIVNTIEI! )

* BHEYEDE

OS LB T—TINDEELBHERREAN=—X L

— NARAVEEL EO0S T—TILIXT-FY AR+
http://nucl.sci.hokudai.ac.jp/~chikako/EOS/index.html

— Black Hole BBREEFIZIENARAY - NAF U BKRELGREZR-T
AIRETEN D B,

s Pasta, NSE &I

EHE 1 [EZH T non-trivial , BBITZE |
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Elliptic Flow
# What is Elliptic Flow ? — Anisotropy in P space

# Hydrodynamical Picture

@ Sensitive to the Pressure Anisotropy in the Early Stage

@ Early Thermalization is Required for Large V2

Out-of-Plane Flow pZ _ p2
y (v,<0) v,=(—S——=)=(cos2¢)
p.tp y

In-Plane Flow
v, > 0)

Ohnishi, Numazu, (2007/3/15-17)
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Dip of V, at 40 A GeV: Phase Transition ?

0.15 ]

> ]

s Dip of V, at 40 A GeV may § 0 ]
be a signal of QCD phase g Mﬁg g
transition at high baryon "g g
density. 0098 ;

( Cassing et al.) al:

# However, the data is too Dﬂu';_ :
sensitive to the way of the Ok §
analysis (reaction 't ; g
plane/two particle 0058 E
correlation)’ 0.1 E-::::".-:f;_i:li}::::::::.:i:::::::::::::::::::::
0.1f = Vai2 T =

@ We have to wait for better j e V;standard ki ;
data. M°F %; R ¥

o1/ EE N - T raA- SN

- N w Bl ¥

0.05F T ! r

-ﬂ.1 1 1 1 1 1 1 1 1 L
2 15 1 05 0 05 1 15 2

rapidity

Ohnishi, Numazu, (2007/3/15-17)
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Flow and EOS; to be continued

# In addition to the ambiguities in in-medium cross sections,
Res.-Res. cross sections, we have model dependence.

@ RBUU (e.g. Sahu, Cassing, Mosel, AO, Nucl. Phys. A672 (2000), 376.)

+ In RMF, Strong cut-off for meson-N coupling in RMF
— Smaller EOS dep.

@ Scalar potential interpretation in BUU
Larionov,Cassing, Greiner,Mosel, PRC62,064611('00), Danielewicz, NPA673,375('00)

e(p. p) = VIm+Us(p, p) + p* =/m>+ p> + U(p. p)
+ Due to the Scalar potential nature, EOS dependence is smaller.

@ Scalar/Vector Combination Danielewicz, Lacey, Lynch, Science 298('02), 1592

P

P Tt
glp,p)=m+ dp'vi(p’, o)+ Ulp), vip.p)= 5 = >
+ Relatively Strong"EOS dependence even at high energ%‘” +1m*(p. p)]

@ JAM-RQMD/S Isse, AO, Otuka, Sahu, Nara, PRC 72 (2005), 064908
+ Similar to the Scalar model BUU

Ohnishi, Numazu, (2007/3/15-17) 20



Hadron Production at High p._.

# GSI, AGS and SPS — Resonance and String formation
Nara et al., PRC61('00),024901; Isse et al., PRC72('05),064908.

# Standard picture at RHIC = pQCD+E-loss+Indep. Frag.

dN"(b) _
dyd’ p;
XK O [ de,de,d k,dky forifors

abcd

XD(E,—AE(r;);c—h)

f dr t (r.—bl2)t,(r .+bl/2)

do

Geometry

ab— cd

dt
E-loss + Indep. Frag.

# Hadron-String dynamics may be important in the later stage.
Hirano et al., PLB636('06)299 (afterburner improves v, in Hydro+Jet)

Sahu et al. Pramana 67 ('07)257 (cascade — low p observables except for v ).

‘ How about String Fragmentation ? I

Ohnishi, Numazu, (2007/3/15-17)
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Jet-Fluid String formation and decay: Model

Isse, Hirano, Mizukawa, AO, Yoshino, Nara, nucl-th/0702068
# Mini-Jet production in pQCD

Sjostrand et al., CPC 136('01), 238 (PYTHIA 6.4)
0

s Jet tion i P Fluid * °
Jet propagation in QGP Flui .0 QGP © , Jet-Fluid String

@ Full 3D Hydro. Results Fluid Parton © = ©
Hirano-Nara, PRLI91('03), 082301; PRC69('04),034908 .
Hirano,Tsuda, PRC66('02),054905

Jet pgrton

+Simplified GLV E-loss X factor (C)

Gyulassy-Levai-Vitev, PRL85('00), 5535.

0]

4

o0

AE=CX3 1To<3Fco,or_fdTp(T,x(T))~(T—T0)log
# String Formation and Frag.

@ Flat “Spectral” Function @ (\/s -2 Geb)

2E,
uL

| | JFS

T, K . |
Res. y cov M

A/

D(j—h)=| &k, f (k, T u, x(t,)
XS (s=(k,+k,)’)D(String (s, k,, k ;)= h)

b ])
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Jet-Fluid String formation and decay: Results

Isse, Hirano, Mizukawa, AO, Yoshino, Nara, nucl-th/0702068
8 Efficient high pT hadron prOdUCtiOH Au+Au, Vs=200 AGeV, 20-30 % /b=7.1 fm
— Large Energy loss is required 06 1 bl '

@ R, fit — Energy loss factor C = (6-8) g
-
c.f- C = (2-3) in Hydro+Jet (Hirano-Nara) ﬁ“oz R LN
: Hyd. ---- -
s Large E-loss + Fluid parton v, enhances » \"H‘f};‘;g’;&’;;fn%;
.. STAR(1) =

hadron v, at high p_

0.15

@ v,~8% @p,>6GeV/c
c.f. v,~ (4-5) % in Indep. Frag.

0.10

v, (1)

0.05 1

0.00

STAR(prelim.) O
PHENIX(prelim.) ©

0 2 4 6 8 10
pr (GeV/e)

When we fit R at highp_,
larger v, than IF is obtained,

and roughly explains data !
— How about Hadron Correlation ?

~ Division o{Physics
Graduate School of Science
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Comparison with Indep. Frag.

# Independent Fragmentation (IF) pp 200 GeV)  Au+Au (200 A GeV, JFS)
80

. par'ton — ' pafton —
hadron ---- | hadron ----

@ IF in pp ~ String Frag. in pp
— Heavy string (60-70 GeV)
decays into many (20-25) hadrons)

@ IF @ p (After E-loss) in AA
~ String Frag. @ p. in pp

70:

/ 20-25 g4r
Hadrons z 2t

T/ ® 5-7 Hadrons |
/ (JFS) 0 5 10 150 5 10 15

\ /' pTParmn, pTh (GeV) pTParlon, PTh (GeV)

String Mass

L7 T - 7 -

=T -

&=

.

Npartun{'] FS)

(&)

=

M.] FS (GEV)

Ndec('] FS)

~ 60-70 GeV

IF ~ Heavy Mass String Frag.
-39 {j;;’) — Are these heavy strings really
formed in Au+Au collisins ?

Ohnishi, Numazu, (2007/3/15-17) 24



Comparison with Reco. Models at High p.

8 TT(T) — med. pT T: Thermal (Fluid) parton
Nonaka et al., PRC69('04),031902 J: Jet parton

S: Shower parton
s JT — med. pT (soft-hard)
Greco-Ko-Levai, PRC68('03),034904

s TS — med. pT, (SS), — high pT
Hwa-Yang, PRC70('04)024905 A

T |J F(D
s TT(T)— Res. — med./low pT ;:O s 55, aps
Greco-Ko, PRC70('04)024901 ' ? 1

. 3(SS),

Re‘co. (TS, SS, JT)

e Th.+"part of Jet” produce h <

 Higher mass Res. is

JFS

favored than Direc. prod. | -
— not inconsistent with JES

T, K Res

"2 GeV M

Ohnishi, Numazu, (2007/3/15-17) 25



Dihadron azimuthal angle correlation

# Disappearance of backward azimuthal angle correlation
in Au+Au collisions = one of the most strong QGP signals.

@ Hydro + Jet model Hirano & Nara, PRL (2003)

+ E-loss which fit R, is not enough to suppress back. corr.

@ Jet “absorption” model Drees, Feng,Jia, PRC71('05),034909

+ Jet parton is absorbed
with exp(-aL)

* What is the relation A¢ correlation

to the energy loss ? —~ 0.25 " JFS model (x5)

o JFS é 0.2 . IF model (x5)

— Large E-loss (which fitR )  Z “;ﬁ EXP
explains suppression ! E’J 0 (;5 J |

% 0 _,' VLIS S e R
0 /2 m 3n/2
AQ
26
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Jet-Ridge Structure

&8 Jet-Ridge structure

(narrow A@ corr., _—
+wide 1 corr.) g™ .
Emitted gluon 1 is widened " 4"“"
by the fluid velocity 10 D
@ JFS ?
Hadrons are distributed 49 2 g s
between

yFluid < y < yJet
and pT boost narrows A@ corr.

One-Shot Calc. does not show
Ridge structure. Why ...

- Division ofPhysics
0l of Science

:ialgau(g;?}z#:ﬁm’:gm OhniShi, Ni umaziu, ( 2 00 7/ 3/ 1 5—1 7) 27
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Summary

JEFS model roughly explains
v2 at high p_ and Disappearance of back. A@ corr.

with a large Energy-loss factor fitting R, (C ~ 6)
with dynamically evaluated jet and fluid mom. dist.

Large E-loss is allowed in JFS (compared to IF),
since string mass is smaller and string decays into fewer A,
which share the jet parton mom.

JF'S results may be not inconsistent with
Jet(Shower)-Therm.(Fluid) recombination.
(AO's personal opinion)

To do; Baryon enh., Jet-Fluid Res., Ridge structure, Relation to the
spectral func., .....

Ohnishi, Numazu, (2007/3/15-17) 28
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[BEPLIICRYEEDIE ?

s REEROWNE - SRR (k. BEE) | #iE. ...
s —a—M) /AR (BTEEERFEDSN)

o BFEE — BFE=—a—M)/DH
e Za—MNJ/RIEE — v HDOBREADIRILE—BIT
s RREBAEX

o EoHE (Highp) — BEAIRILF—DBRBREZRTE
o FE—M(Lowp) — RFEZEKIZLS Energy Gain

- _*Li'co) i’l@ﬂy"):’ﬁﬂﬁ o ~ " ShenEOS -

o EREMEETO/NIRAOY, B
INA 71'/s jrf 7)b$€ﬁ$'|‘$0)§)\

(2004 Z=, FIEIOFS (HBR))

o EFEMHEET 0)1%?1‘? o
(NSE; Nuclear Stat. Equil.)

G)EEIIE T=0, Y,=0.5

(Ishizuka et al. 2003, Thesis) o 005 01 015
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A ENCESTEWRA B ES

s RRNGEFEDHERBAER

@ Liquid-Drop %! (Lattimer-Swesty)
>Skyrme E!DREMKTEN (K=180-350 MeV)+Liquid Drop

@ Relativistic EOS (Shen-Toki-Sumiyoshi-Oyamatsu)
»RMF-TM1(K~280 MeV)+Thomas-Fermi JIfEl +a

s EZEETOMER

F DA EREEEAHT
@ Shen EOS TlIXFEHDEE

@ Lattimer-Swesty EOS
— Maxwell construction T

FEHEZEHE

_—
=

Free E./ Baryon (MeV)
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EH DT BRIELERICEX 5OEN

s RFNEFEDREA :
RE+V7—OVIRILE—0, — &P BEICEBTHRRT
EROMEZ1ZED,
s BEDOBRBAIRIILX—II. EBEBRBEEBDEANIZ sensitive
o Ishizuka et al. (Thesis), 0.7 p, JZBTENEFLNITSHE
IRBIRIILX—ICEEGTEMARSNS

T=5 MeV, Q,/B=0.446 18 M,
R L npe s g 10 npe
= 2 [ npeYn(R) — - npeYnv(R)
> 10° InpeYmu(R) — |
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Chiral RMF
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Chiral RMF+ 2§/ X% : R B GBS DEAE (1)
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s BREREEY 1 XaHiAEE  (Sumiyoshi et al., 2002)
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s — RYED EOS
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