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V' Size of hadrons ~ fm

4 At high p or high T,
hadron gas to quark-

gluon plasma.
i |
= Phase transition qm}? :?E,mmﬂ
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1) Q.&%@Q

Is it QGP inside a proton? o2 -

V(r)

kr

“Confining”

KPS-HIM @Jeju, 2007

v Asymptotic freedom
means a QGP inside a
proton?

=No!

v Free moving quarks &

gluons for a large volume

v Applicability of Statistical
Physics is essential!



What we expect: -Pe9

. . 0% "9
Statistical Nature o &
eqap ~ 2 [GeV/fm”] < Ex. Lattice QCD
) €EQGP 2GeV
< Ma.q > <mp > 0.4GeV °
1
)\q - nO'qq
L 0.5 [fm]
5x 04 00

>\q < Rsystem

ONN 4[fm2] ~ 0.4

0‘ Y Y
I 3% 3 9
Animation by Jeffery Mitchell (Brookhaven National

Laboratory). Simulation by the UrQMD Collaboration
v What we expect:

4 Statistical physics at quark level

4 Hydrodynamical behavior at quark level
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Statistical
nature
observed

% Chemical equilibrium
from particle yvield
ratio

* Kinematical eauilibrium
from transverse distr.




Chemical Ea. from particle |

vield ratios

n. — 9i ” p°dp
Y on? 0 e(Bi—ni)/T 41
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' E o e = T A x10
o |k STAR Kl
= O PHENIX o
— O PHOBOS =T
— /A BRAHMS ﬂ%—
| syn=130 GeV * _}L—
02 |L— Model re-fit with all data |
= T=176 MeV, u_=41MeV ox

plp KIK* Kim plmw Q/h

= x 50
=2

S
N
?

fl

syn=200 GeV

Model prediction for
T=177 MeV, W = 29 MeV

Braun-Munzinger et al., PLB 518 (2001) 41

D. Magestro (updated July 22, 2002)

v Only two parameters fit every ratio very well !
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Centrality dep. of Tch

1) Q‘S@

200 GeV Au+Au, <N > =322

M.Kaneta, N.Xu, nucl-th/0405068

T = 15743  [MeV]
M= 94%12 [MeV]

_ | | | | | | | | | o= 31423 [MeV]
1 Wm # 'Y:= l.03:!:0.01»
: oo R yidof=19.9/10
1 ¥ oaw
210 F —— E
= - —A—
o Hf
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E i -
3 7
10 |-A PHENIX data %
# STAR data 3
I I E— N I I W— L1 1
x K p 2 QKD K p p AMA &6 =T Q
* K p p = Q&K)x ® = = =® =® =
) g T T T O D # 1 1 ]
R s e e e e e
) - * —
4 I R B I . A T I I

(*1) : feed-don effect 15 corrected in datz
(*2) : feed-dowm effect Is inciuded

Tch [MeV]
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O ' ; ' ; ' ; '
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Npart

Vv Tch stays amazingly constant from peripheral
to central collisions
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Transverse mass distr. o ®
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1/2n 1IN, 1/p; d’N/dp,dy (c’/GeV")

<000y Q‘&@Q

Blast Wave Model iy

1 dN

m, dm,;

sinh p m, cosh p
K,
T T

o o

PRC48(1993)2462.
I, , K;: modified Bessel function

- Af:f(r)rdrmT [, Pr

p(r) = tanh‘l([J’T) ‘' r/R

Phobos, J.Phys.G34,51103-7(2007)

& = E
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Freeze-out Conditions
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xpansion Model
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Au+Au \]SNN =200 GeV
° Kinetic Freeze-out

©  Chemical Freeze-out
Freeze-out model (finite B_)

Freeze-out model (BT=0)
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v Kinematical & Chemical
freeze-out show difference in
centrality dependence!

4 Kinematical :

= Tcheent- € TenPe™ € Teh

Freeze-out with 4 ~R

4 Chemical :
‘Tchcent. ~ Tchper. ~ 1'70 MeV

Freeze-out with £ ~ =it

v'Nature of Freeze-out

4 Kinematical freeze-out is
collisional, while chemical is
not.

11



Adiabatic Expansion Model ¢ -

v Assumptions:
4 Perfect fluid/Ideal gas

4 Entropy conservation

t., [fm/c]

4 Bjorken Formula for =

L YT [AurAuny, = 200 GeV

4 Transverse &

- »  Adiabatic expansion

B Freeze-out model (finite f_)

(o))
|
[ | [ 1 1 I | 1 1 I L 11 | [ 1 1 | [

............. Freeze-out model (ﬁT=0)

longitudinal expansion

IIII%IIII;IIIIiIIIIiIIIIiIIIIiIIIIiII
00 50 100 150 200 250 300 350 400

v, ®A=R as freezeout
condition

Vv Central collisions
freeze-out later than

KPS-HIM @Jeju, 2007 1



1+1D Adiabatic Expansion

- ldeal gas: P=(1/3)¢ - cooling curves -
—r— T

- Entropy conservation

r— 800 7 T I | T T T ] T T T l

- Longitudinal expansion 2 AutAu at \[sy, = 200 GeV ]

. = - 1+1 ion, €, used) |

& Transverse expansion = L (11 expansion, &y used) [

600i : — <Npan> 353 E
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y‘ 5001; : - <N,> 181 3

et — <N_.>83 -

" I part i

/ \ ,"\ 400" <Npar> 40 3

~ : Vv > : .° ‘e -
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X 100/ ]

- Y N

+ + | 10 12

+ ’ time [fm/c]
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Fey
LJ I 1
—o4—
o

e .
——$— _
-—ﬁ*_‘ |

_ # || T scaled with (g,,)"

2 é## st & ¥ 1) att=11fmlc Cooling stopped at T,
BONTE 1B %Y
! [ 1 ©019.6 GeV - 58

L 1 L L L 1 L 'l : 1 L L l 1 1 1S 1
0 100 200 300
Np M. Konno, Thesis, Tsukuba, 2007



Freeze-out Time & Temperature

v Freeze-outtime vs. N~
E |
—
= 10—
2
b
°C
" AurAu\S = 200 GeV

.............

Adiabatic expansion

Chemical Freeze-out
Freeze-out model (finite BT)

Freeze-out model (BT=0)

|

|

1
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200
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250
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220~ Freeze-out temperature vs. N
200} 5
180 . :
16020 1 E
140! E
120 E
100 :
80— _ E
L Au+Au \]STN = 200 GeV u
60 ®  Kinetic Freeze-out |
40 Chemical Freeze-out i
. Freeze-out model (finite Br) .
20 } ............. Freeze-out model ([3T=0) -
il 1 1 . , 1 .

00 50 100 150 200 250 300 350 400
Npart

- More central collisions freeze out later
at lower temperature.

- Consistent with freeze-out condition:
A(1)=R(t)

- Even if quark phase is created before
hadronization, hadronic scattering should

be taken into account.

- As expected, T, is lower than T_,.
Different centrality dependence.

- I, dropping is consistent with
1+1D adiabatic expansion.

- I. ~ I, =>the observed chemical

eq. not via hadronic scatterings.

M. Konno, Thesis, Tsukuba, 2007



Twe Major

Discoveries
at RHIC

1) Large Elliptic Flow
2) Jet Modification




s Q.&%@q

Elliptic Flow, v2
(Azimuthal Anisotropy)

Vv In non-central collisions, participant region has almond shape.
= azimuthal anisotropy in coordinate space

VIf A< R, azimuthal anisotropy of the coordinate space is
converted to that of the momentum space.

=2 ; second Fourier harmonics of azimuthal distribution

v Goodies :

4 Clear origin of the signal N (¢) =N 0{1 +2v, COS(¢ B ll10) +2, COS(2(¢ B q;o))}

4 Collision geometry can be determined experimentally

KPS-HIM @Jeju, 2007 16
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v2 vs. Eccentricity A

oy
Phenix; PRL 89(2002)212301 Phobos; nucl-ex/0610037
e
0.120 0209 0.275 0.325 0.362  0.377 0.4 | | i
) I | 1 1 |
0.8 |- ® [F]1.0<pT<2.5(GeVic) | PHOBOS 200 GeV
© [A]1.0<pT<25 ] O Hits
L 2 [F] 04 c< pT < 0.6 0.3 — ® Tracks - |
0.6 } ;ll% & [A]l0.4<pT<0.6 _
§ §§§ s R O
I - o
0.4 | ¢ 4 < 5 o ® ¢
8 --'N ‘@g »0Q +
. i 2] e o Au+Au
0.2 }%} §§§ c® 334 &3 - : _? —
' ' arXiv:nucl-ex/0610037, submitted to PRL,
0.0 N DU U N R P 0 | | | |
0 10 20 30 40 50 60 0 80 160 240 320 400
- Centrality (%) N
Part

W{Y,) XE
Vv Eccentricity is evaluated from centrality of collisions

v 'Ratio stays ~constant

4 Eccentricity scaling observed in comparison of Au+Au, Cu+Cu

= Scaling with eccentricity shows v, builds up at early stage

KPS-HIM @Jeju, 2007 17



Large azimuthal R4
anisotropy o a”
N(¢) = No{1+2v,cos( - ;) + 2v,cos(2(9 - ¥,))}
o~ PHOBOS: nucl-ex/0406021

0.06 E N6Snn = 19.6 GeV <N, =201 Vs, = 62.4 GeV <N > =201 \sy =130 GeV <N > = 209¢ \s,,\ = 200 GeV <N = 211

0.05 %
0.04 dﬁ%ﬁ @Eﬁﬂ%% ﬁ
0.03 ]
=
= ] | 2 £
0 s -.-.-. 7:.- .-:.- - -.-.-.17:.-r.-.-.- .-.-.-.-.-.-.-.-.-.-.-.::7.-.-.- .........
4 n 0 2 n 2 4 M

go0s- iy, tdi .  Getting larger & larger in
50.045_ v ﬂw A 200 GeV _f . .
§0_03E_ *::-Y Y ++{+i++ = hlghel" energ'eSO
gooz e v + H ﬁ’H © 4Scaling w. 1"Vpearm 1?
2 0.01- Tl E
< -
%

| | | 1 | | | | | | | | | | | 1 | | | |
-10 -8 -6 -4 2 0 2
KPS-HIM @Jeju, 2007 N =M= Ypeam 18



Collective Flow

PHENIX : P.R.L. 91, 182301 (2003)

| | | I | | I | I | ]
Run2 Au + Au at sy, = 200 GeV, Minimurm Bias, o] < 0.35 -

ATHT

BK+K

o
o

v'Mass Ordering of v2 at low pt
region:
= Existence of collective flow

4 Good agreement with
hydrodynamics of perfect fluid

e Early thermalization (~0.6 fm/c)
* High energy density (~20 GeV/fm?3)

 Low viscosity

0 : 4 v Departure at high pt region
Transverse momentum p; (GeVic) > 1.5 GeV/c):

= Other mechanism?

®p+p

Anisotropy parameter v,
o o
- N

KPS-HIM @Jeju, 2007 19
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Quark Soup.
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THE LIQUID STUFF OF TN o
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UNIVERSE




Ly Q.&%@q

Puzzies in the mid-p: region .« .

L
o @
v2 deviates from the mass ordering
7t enhances above 1.5 GeV/c
o/ / above 2 GeV/c
1 g PHENX AurAu \[$un =200 GeV Phenix; P.R.L. 91(2003)172301 03
2 Bl protonipion anti-protonipion _ | '.'n'(l,'HfE;";()' 'qY}'p'(F;H'EhYII;()' S
e 1.6 1 s AutAu0-10% - | W K (PHENIX) O A (STAR)
“ Ak T oL Aurau2030% 1 | ¥ K (STAR)  [] =(STAR)
1'4: I oe Au+A5_60-92% ] i %; #) 1|
[ s i +p,\s=53 GeV,ISR i 4
1.2 [ + T - —¥- z*:, glzon jets,eDELPHI ] 0.2 O
1F + + F e'e, quark jets, DELPHI ] [ 1
0.8f ﬁ 1t 5 > ﬁ(ﬁ" L%
. H LA
0.6 —HF . 0.1 .;?} ] i
0.4;— + +,. +__ .:é *ﬁh“ig}‘+ + + — %ﬁj
02f £ Al 1 ST 3
i _ URSRORT FETRL. SERRRA A . 9
o- | - *|T+- OIFI%I»Illlllllllllnlll
0 4 ) 1 2 3 4 5 0 L S 4
P, (GeVic) P, (GeVic) Pr ’

Vv In central col., p/n ratio is very large, while in peripheral, p/n ratio similar to

those in ee/pp suggesting fragmentaton process.

Fragmentation process should show n, < n, as seen in ee/pp.

v While mass ordering of v2 seen at low pt region, clear departure observed.

2

Quark Recombination Model
KPS-HIM @Jeju, 2007 (Quark Coalescence Model) 21

Vv Suggesting other production mechanism.



Quark recombination model
(RECO)

¢
o@q o

o~ g"°

Vv Quarks, anti-quarks combine to form
mesons and baryons from universal quark

distribution, w(pt).

I /j

Hadron
OQ ©" /ﬂ)m distr. of meson 2q P,
©o L WM( w( /
o S
C 00 “"Mom. dlstr of baryon 3q
©_.-9%
¢ e
e &1 w(pt):
© « OC Universal mom. 3
‘© D © distr. of quarks 5
é‘"o ok‘ [steep in pt}
QGP - S~

Because of the steep distr. of w(pt), RECO
wins at high pt even w. small Cx.

Kro-rniwvi wueju, 2uur

= Quark number scaling

Characteristic scaling features expected.

22



V. from RECO R

V' Characteristic scaling behavior

=>Quark Number Scaling

Hadron
OQ ©" mmutal distr. of meson (2q);
C\‘ © e —diz’qul cw? =(1+2v,, cos2¢)’
® © |
C ,
4 © =+ 4y,, cos2¢)
C
o °© o —
(e Q\'C Azimuthal distr. of baryon (3q);
© o‘\ ~ 9’ < dNB 3 3
o ¢ Oo i xw” =(l+2v, cos2p)
é&c 2; =46, 00829)
QGP

Azimuthal distr of quark; w
w o (l+2v, cos2p)

KPS-HIM @Jeju, 2007
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<000y Q‘&@Q

Quark Number Scaling !! 02 e

Y
0@
M. Issah, A. Taranenko, nucl-ex/060401 1
Illlllllllllllllllll|l1|lllllllllllllllllll
- (a) ® 7 (PHENIX) <& p (PHENIX) (b) .
01L B K (PHENIX) O A (STAR) |

¥ Kg (STAR) ] = (STAR)

A b
o5 é‘ﬁ |
&

0 0.5 1 1.5 2 0 0.5 1 1.5 2
p;/n (GeV/c) KE./n (GeV)

Kinetic energy of constituent quarks

v,/n

v Mesons and baryons made of light quarks seem to be consistent with the
re(comt;ination model and there seem to be universal quark distribution,
wipt,P).

KPS-HIM @Jeju, 2007 ”



Somewhat weird feeling of KET scaling

Where or what is the

Hadron role of gluons in Reco?
O . . .
© C Universal behavior with
& kinetic energy of
c S effective mass of
. < auarks ?
C o —g\ C C Quarks wear the gluons
© 6 ) first, knowing which hadron
C ©- “/L C they will be.(Effective mass)
P E C Then, coalesced and
_‘;_-( pe boosted by the pressure

OGP C behind.

Seminar at RCNP, 06.7.14 25
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. MQQQ’S@Q
Even charm flows! 0® ‘e
o g
. "
v2 of single electrons ;Bgz_i...x
> T
S.Esumi & S. Sakai@SQM2006 /7D:
o 03 @ Cf/;wﬁ
. iC
05| AUtAU@\s,=200GeV ... without charm flow s
"t MinBlas \ | . b
o On photonice +& — with charm flow e,/ =
.«[~PHENIX prellminary V.G , C.M.Ko, .
- R.R;e:;PL85950(2004)202. v Charm decay produces high
0.45 U energy electrons.
ok v v2 of single electrons are
h: ) measured.
0.05- . h v Observed data favors flow of
of charm, suggesting
- () thermalization of heavy quarks.
0.05 v This supports quark-
; | | | | | | | | | coalescence & formation of
905 1 15 2 25 3 35 4 45 5 QGP.

Pr / Best to measure vz of J/ ¥
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Extended Blast-wave model

« Extend standard Blast-wave
parameterization in order to fit
V,(Py) in non-central collisions

reaction  Assumptions

plane — Use density distributions from
initial geometry overlap instead of
uniform density

— Velocity profile
BN . ;J.scte.lgetpsity gradient
weer 7 IStributions
By = |, [z, — Eccentricity (¢) is fixed by initial
fz.p) = 1 1 overlap density
’ (27)3 el(Puut(z)—pu(2))/T(x)] 1 — Velocity anisotropy (B,) is fixed
R o by the velocity profile
Vg = Jo rdr Jo " dé cos(29)I2()K1(B) . 3 free parameters
foR rdr o27r dep Io(a)K1(5) — Temperature: T
PTY . mr — Magnitude of transverse boost
&= (7) sinhp, [ = (?) cosh p velocity: B

fr(r) = tanhp

H. Masui, Thesis, Tsukuba, 2007



Noart profile & Ncon profile [o2 -

N 20 - 30 O/o ce ntrality N.., gradient distribution, 20 - 30 % centrality

coll’

NN NI NN NI PSS

— Direction of density gradient = direction of boost
* Length = magnitude of boost H. Masui, Thesis, Tsukuba, 2007

 Calculate N_..(X, y) and N_.(X, y) from Woods-saxon density profile



Noart profile vs Neou profile

20 - 30 (%) centrality 20 - 30 (%) centrality

10° | " 7.
102 ¢, Kip fit (N density) I ., Kip fit (N_ density) 1

-t
o

LI L I LI L I LI IHIII IIIIIITI lllllll‘ I llll"ll I l”lllll flllllnl IIIIIHI'I

T

L llIllll

(1/2r p_)d°N/dp_dy (c%7GeV?)

of o’
1 ! S g
-0
¥2/INDF = 268.2/ 40 = 6.71 T  %2%NDF =69.7/40 = 1.74 ]
10%F T=1506+37 (MeV) = T=1085+4.2(MeV) 2
(B,) = 0.405 + 0.005 (B =0.824+0.010) + (B,) = 0.500 + 0.005 (B, =0.825+0.009) .
10-3 | | T P | P | _"53_ | N | y : 1. PR | ) —;

o~ —_— Tttt —{ @
> 72INDF = 47.8/ 16 = 2.99 4 42NDF =15.3/16=095 .
03" 1220002438 (MeV) | T=329.9+8.3(MeV) |

(BT) =0406+0.0M (B‘=0.82710.022) <Br) =0.559+0.008 (B'=0.923i0.013)

| 9 4

e+ L ont+w

KT+ K

0.2
L+ UK'+K

p+P - 0p+P :
0.1 - -
0._..-..“,-\.»:':: _.__.»u.......';;..:L.m._..:_..._....ti.—;...._..._..:....:.:.:_. ...... —
| ] | | J

0 0 0.5 1

15
p. (GeV/c)
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(€)

03 025 02 015 01 005 0 -0.05
TN 400F T T rrrrr 1
% ) N density, 20 - 30 (%) centrality
= . A . @ spectra fit
~ 300~ “a, O v, fit ~
b— N = a AV, fit (stat. only) -
N ©pn i STARHBTe
" O : i
200(- % -
. Chemical Freeze-out temperature: ?@ -
N °5 @4} il
B scscseedacsese B
100__......0.. 5 QQ —
@
i 25 il
: ™) A
0 [ N D P 2 N
0 0.1 0.2
(R - RYIR )

v2/INDF

0.3 025 0.2

0.15 01 005 O
L B L B

-0.05
T

L. | L

— |

Ll L] | L]

N, density, 20 - 30 (%) centrality

spectra fit

CO v, fit
© 4o v, fit(stat. only) -

STARHBT ¢

-
o p :
= Inl [} s} N
a :
- 00006 it L LI L
VOV OOO0O0OOO A A~
= N / PN e T aYaVYaVaP

—

02 |
(R - ROIR )

« Radial velocity and T from spectra are not changed with (¢)

« Temperature from v, fit strongly decrease with (&)
— x2/NDF < 1 up to & ~ 0.05 with systematic error

(150 MeV) > T(spectra) at the eccentricity
extracted by HBT analysis = early freeze-out of v, ?
H. Masui, Thesis, Tsukuba, 2007 30
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Jet
Meodification




mm!ptfa;

What is Jet ? 0 "o

oy

Ed’c/d’p(y=0) ( mbc®/GeV?)
are

/"‘-
\
3
-t
\
o
T
(@)
*

IllIllIIlIlII 1

o (h™+h*)/2 (UA1) °
p+p V3=200 GeV |

KPS-HIM @Jeju, 2007

2 3 4 5
pr (GeV/c)

VAt ISR in 1972, deviation from
the mt scaling at high pt region
Is observed as a first time.

Vv Binary parton scattering
followed by fragmentation
produces back-to-back jet.

v ' Main source of high pt particles.
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Comparison of Aut+Au e

o%:g%o
o g

10

10

10

10

E d3n/dp3 (c3 GeV'z)

10

10

10

and pp

|
(R

v v 200 GeV Au-Au, Cent

v ® 200 GeV Au-Au, Periph
B T, scaled p-p

pr (GeV/c)

KPS-HIM @Jeju, 2007

v For comparison, Au
+Au & pp spectra
scaled by Npinary-

v In peripheral
collisions,
Au+Au ~ pp

v In central collisions,
Au+Au € pp
Suppression of yield ?
Loss of pt?
[] Jet Quench?
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Suppression of high pt ¢

@ %
. 0y ®
particles oo’
Nuclear R 5 dn, .. ldp,dy
Modification 34,4, = N n Ido.d
Factor < binary> Ny GPrdY
PHENIX Au+Au (central collisions):
é _ O Directty | [
(14 10 | f :c] Preliminary
GLV parton energy loss (dN*/dy = 1100)

[ IIIIIII|

RAA

IEC) il S T E—

0.34 S P
participant scaling

I lllllli

Pt §_

| | | | | | | | | | | | | | | | | | | | | | | | | | | | |
0 2 4 6 8 10 12 14 16 18 20
p; (GeVic)

Vv Pions are suppressed, direct photons are not
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Au+Au vs d+Au =4

-
0: @
Phenix; P.R.L. 91, 072303 (2003)
é 2: T T I I T | I | T l I I T : 2 2: I I T I T I T ! I T T :
{6 M h*+h"0-10% /N+N [1700-40%/N+N 5  ,oF =
5 I wtegytt ;
1.4F = e I:'--:-'—'- E
1.2 | — 1.2 II-'. —
- ] - lllﬁ ]
s | . s .l_:.':' .
0.8 J o8~ . -
- - - -
- - S : -
0.6— — 0.6— " —
o4 ﬁ; ™ %' deau200Gev E
- . - d+Au e = h™+h 0-20%/N+N -
0.2f - O gmﬂﬁ'aﬂ?*——_ 0.2F =
b L v 1y S PN R E U N I B SR R
o 1 2 3 4 5 6 71 8 o 1 2 3 4 5 6 71 8
p; [GeV/c] p.[GeV/c]
Au+Au at vsyy = 200 GeV d+Au—h*+X at vsyy = 200 GeV

REVIEW

7 = V' High pt suppression in Aut+Au, while not
] observed in d+Au.

= Effect is not due to initial state, but final state.
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near siae

Disappearance of -Pe®

0% "9
Q)
back-to-back corr. oo
7] I\Waway side  StariPRL.91,72304(2003) /Dijrect evidence of
4“'6 GeV/ c x DTass°° ) 2 GeV/ c loss of ‘jet’

e d+Au FTPC Au 0- 20% JAzimuthal
— p+p min. bias iA\TAs R correlation w.r.t. high
pt leading particle

(trigger).
pp ; clean di-jet

* Au+Au Central

1/Npigqer AN/d(AG)

dAu; similar to pp

Au+Au; Similar on the
* same side (suggesting
T T jet-like mechanism), but b-

z%'- - 2
i pedestal and ﬂow

1 Summﬁ:tea 1 2 3 4 to-b disappeared
I///' Ao (%ians) Effect is not in initial

/ / but in final stage
_. %T .‘ _. /_ .- Energy loss of partons

iIn dense matter
KPS-HIM @Jeiu, 2007 ‘jﬂ\, created in Au+Au
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near side -
Shape change of |}
away-side ca

// ,/Waway side pttrie = 3~4 GeV/c X pTtassoc
X PHENIX, arXiv:0705.3238 [nucl-ex)

C(b) 3-4 ® 1-2 GeV/c i
o0 x 1.5

@
o
O 00 O .
0000 OO0
| I T T SR RN T T T R 1

3-4 ® 3-4 GeV/c

0al (@)  3-4®04-1 GeV/c'

ar
.............

g, A(])(rad) T
v From broad/none to distinct two shoulders
at AdP=xx1.1 with decreasing momentum.
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Shoulders at A=z 1.1 o2

—o— AU + Au 0-20%

PHENIX, arXiv:0705.3238 [hucl-ex]
—O- p + p

o = ' ' : ; ; '
n§ 0.04 O 3 4 ® 2 3 GeV/c _
<Z i 00 ]
T i
Zz 002 |
n _EBASIZ
5= Olodee™. i
0 2 4
Ao (rad)

Vv Location & {pt> of shoulder seem to be independent
of centrality and pt.

4 Not cherenkov, not deflection, but, Shock wave !?

KPS-HIM @Jeju, 2007 28



Sophisticated 3-particle o
2lation analysis o3
i AA(t)

A(I)b_r:(])b-q)_rrig

KPS-HIM @Jeju, 2007 39



Sophisticated 3-particle o
2lation analysis o3
i "AuAuicent)

Py

—10.3

KPS-HIM @Jeju, 2007
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Sophisticated 3-particle -5

0% "9

s )
correlation analysis o
STAR@QMOG6, nuclex/703010
dAu AuAu(cent)

71k

—10.3

KPS-HIM @Jeju, 2007
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Sophisticated 3-particle i
correlation analysis o

KPS-HIM @Jeju, 2007
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Sophisticated 3-particle |3
correlation analysis

A
o g

STAR@QMOG6, nuclex/703010
AuAu(cent)

—10.3

KPS-HIM @Jeju, 2007
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Sophisticated 3-particle -3
correlation analysis

a5 .
o @
STAR@QMOG6, nucl-ex/703010

AuAu(cent)

: 4

—10.3

KPS-HIM @Jeju, 2007
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Sophisticated 3-particle
correlation analysis .
STAARC:QX)S(::Ze:‘/%O?:O 10

.

g

KPS-HIM @Jeju, 2007
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Sophisticated 3-particle -3
correlation analysis

a5 .
o @
STAR@QMOG6, nucl-ex/703010

AuAu(cent

KPS-HIM @Jeju, 2007
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Sophisticated 3-particle |3
correlation analysis

A
o g

STAR@QMOG6, nuclex/703010
AuAu(cent)

—10.3

KPS-HIM @Jeju, 2007
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Difficulty of the analysis

0 @

Phenix@QMO06, J.Phys.G 34(2007)S191

s,y=200GeV PHENIX Total 3-Picle Jet Corrin.
25<p)1<4 GeVlc
1<pr,, <2.5 GeVic

ﬂr / N
o RN

PHENIX Preliminary

Cent = 10-20%

PHENN

(N
K] S
',’ln Rz 4
N

S
4 ’f ,

A(pr=(t)b-(l)Trig

STAR@QMO6, nucl-ex/703010
Central Au+Au 4 Sn\w=200 GeV

_1-1llllullll1llll2lIII3IIII4IIII5I

20,10

Trig

v Large azimuthal anisotropy is the major background.

= “Discovery of yesterday is background of today and calibration of

tomorrow’

= More precise determination of the elliptic flow is important

v Both group say it is consistent with Mach Cone.

KPS-HIM @Jeju, 2007
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Shock Wave !?

KPS-HIM @Jeju, 2007

vV If confirmed, it is
breakthrough from the
era of QGP discovery to
the study of property,
such as sound velocity In
the plasma
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, ¥
{am?. 0
Near side rid splash 2"
© o
r side ridge as 8
o @
V.S. Pantuev, arXiv:hep-ph/0701.1882v 1 STAR, arXiv:nucl-ex/0701074

AuAu, cent=10-15%

§10: @ 470
> of £ 460
8- Trigger Jet £ 450
6:— Mach cone .4
4
2F
oE v Claims
2F 4 Stopped parton is the source of
4F - ridge as well as Mach cone.
Ay T— —1 i
Op Onghal - 4 This happens only at the surface
8 stopped jet —) & .
= ppl ‘ o ':"a“hl °°"Ie . s} 4 There should be velocity boost at
-1 1 1L 1 1 11 | Y IR | 1 11 1 11 1 1 1 1 11 1 1 1 1 1 1 1 11 0 . . .
T S S R A R i f10 the ridge region (pi,K.p)
, M

4 v3 components independent of
R.P.

KPS-HIM @Jeju, 2007 "



why not a back
splash?

KPS-HIM @Jeju, 2007



Summary =i

v ' We have seen partonic matter., ie, a QGP!

Vv ' Successful description of the system in terms of
statistical thermo-dynamics;

4 Particle ratios in Tch, &, Kinematical distr. in Tth and B

v Partonic

4 Large azimuthal anisotropy cannot be created with hadronic
process.

4 High pt suppression and disappearance of back-to-back is at
parton level.

4 Successful description of quark recombination:
= Phenomenological, but universal quark distribution function!

v 'We are in the state of studying property of plasma, like cs.

KPS-HIM @Jeju, 2007 a4



