


DA4 Quark Matter 2005

- 18th International Conference on Nudeus-Nucleus Collisions

PEST gt August 4-9, Budapest, Hungary

» NEWs from SPS (NAG60)

—up & J/¥ production from Inin@158 AGeV
+ NEWs from RHIC

- Run-4 AuAu@200,62 AGeV

— Run-5 CuCu@200,62,22 AGeV

. 25 experimental & 14 theoretical plenary talks

- 60 experimental & 55 theoretical parallel talks

-
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-Signals of the 15t Order Phase Transition
- Properties of the Quark Matter beyond T,
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hals of the 15t Ordéjl‘”Phﬁgfé”'l’ci”é”hS|t|on A
- J/¥ Suppression at SPS

. Strangeness Enhancement at SPS

- Fluctuations etc.

>?roperties of the Quark Matter beyond Tc \<

. CuCu vs. AuAu
- Flow
- High p; Suppression
- Heavy Quark
- J/¥ at RHIC
- Jets Tomography
\ - Low-Mass Pairs, Open Charm, Direct Photony
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% Properties of the Quark Matter beyond T,

93~ BUoap PEsY Hwenﬂ"f

« CuCu vs AuAu :

Vary system size at same energy

62.4 GeV
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Elliptic flow

Elliptic flow scales with participant eccentricity



/. Properties of the Quark Matter beyond T
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Properties of the Quark Matter beyond T

- CuCu vs AuAu : Vary system size at same energy

1 dN/dn scales with N,

4 Elliptic flow scales with participant
eccentrincity

1 Ryascales with N,

 Smaller system size adds significant
precision at N, < 100
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Properties of the Quark Matter beyond T,

PHENIX PRELIMINARY (Au+Au at\lsNN=2DOGeV, Minimum bias)
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Properties of the Quark Matter beyond T,

- CuCu vs AuAu : Vary system size at same energy

- Flow :
_ 197 197 ..
\[Syny = 200 GeV " Au+"'Au Collisions at RHIC (run IV)
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Properties of the Quark Matter beyond T

- CuCu vs AuAu : Vary system size at same energy
- Flow :
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Properties of the Quark Matter beyond T

- CuCu vs AuAu : Vary system size at same energy

0 mid - central events v thermalization of partonic
' CERES <0/ 157> =105 % f constituent quarks
0.25-- -1.1<y<-0.3
B NA49 <6/G,p>=13% 6/G,0,=5-23.5%
0.2} -1.5<y<1
SAEl Preliminary | ’
1|,
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Properties of the Quark Matter beyond T

- CuCu vs AuAu : Vary system size at same energy

mid - central events

. F 03—— qrmalization of partonic
~ [] A+A \[s,, =200GeV lyl<1 (
> 05| STAR ©/0rr=5-30% A istituent quarks
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Properties of the Quark Matter beyond T,

cloi15- 0-5% Central . -
| PHENIX preliminary *mn i
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- Suppression is strong (Ry, =0.2!) and flat up to 20 GeV/c
- Matter is extremely opaque




Properties of the Quark Matter beyond T,

Q9% BBy LAY
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—same systematics as original Cronin data at similar Vs
—=same systematics as RHIC but scaled upward




Au+Au @ ¥5 = 200 GeV, 0-10% Centralit
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Charm quark Is suppressed
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% Properties of the Quark Matter beyond T,

a5~ BlUBargey AR

- Au+Au Vs, = 200 GeV

. CuCu vs Vary system size at swgy
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z%ﬁ Properties of the Quark Matter beyond T

a5~ Blbangg, Hwenﬂ"f

- Cuc gV

Vary system size at same energy
Vs
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roertles of the Quark Matter beyond T

STARD + e in Au+Au
STARD + eindAu
PHENIX single e in AuAu

SPS/FNAL p b

NLO pQCD (u=m,)
- NLO pQCD (piz=2m,)

STAR Preliminary

10°

Collision Energy \'s (GeV)

-

Factor of two discrepancy in the chdi';n cross sections measured by
PHENIX and STAR.



PHENIX J/y - Preliminary
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-% Properties of the Quark Matter beyond T

0.0

PHENIX JAy - Preliminary & o™
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% Properties of the Quark Matter beyond T,

15 , , |
RAA i PHENIX J/ys - Preliminary ; E:’ESE& Iy - pu
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% Properties of the Quark Matter beyond T,

1.5 , ,
RAA PHENIX J/y - Preliminary

I
CuCu pp

AUAU pp d
CuCu pp 62 Ge

ALAL ee
CuCu ee

Jy — pu
muon arm

1.2<|y|<2.2

J/y—ee
Central arm
-0.35<y <0.35

Factor ~3 '
suppression
in central events

Data show the same trend within errors
for all species and even 62 GeV




QAA Properties of the Quark Matter beyond T,

a9 Bum'"!st HUNGARY

- CuCu vs AuAu : Vary system size at same energy
J/y nuclear modification factor R, ,

lization of partonic

2
1.2

MAS0 normalized to p+p

Autdu |yl =[1.2.2.2]
Cu4Cu Jy|e[1.2.2.2]
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Q/Ul Properties of the Quark Matter beyond T,

a5~ BlUBargey AR

J/y nuclear modification factor R, , §t7 J/y nuclear modification factor R, ,

3 [T R. Vogt nucl-th/0507027 - EKSS8 y=2 3 L[ R. Vogt nucl-th/0507027 - EKSS8 y=0
®1.2-: ' 1.2
16
([ P o AutAu lyle[1.2,2.2} R 37 CEPFREPTTEEPRTRRPRLE « Au+Au |y|<0.35 |
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0.3 o d+Aulyle[1.2,2.2] 0.8 E » d+Au |y|<0.35
0.6 [fF( o6 E
0.4[ ! (1 0.4[ ! i
0-2—: e 0.2—:
PHENIX prellmlnary L PHENIX prellmlnary L
o- o 50 100 150 200 250 300 350 400 I'6 o- o 50 100 150 200 250 300 350 400
N N
part part
Muon arm Theory Vogt: Central arm

nucl-th/0507027 ‘
Cold nuclear matter absorption model in agreement with dAu:

Tendency to underpredict suppression
in most central AuAu and CuCu events



Properties of the Quark Matter beyond T,

J/y nuclear modification factor R, ,
- CuCu vs .,

a5~ BlUBargey AR

Capella et al. hep-ph/0505032 suppression from co-mover e n e rg y

Grandchamp et al. hep-ph/0306077 suppression (no regen)

Kostyuk et al. hep-ph/0305277 suppression in QGP

* FIOW : S ______________________ *» d+Au |y|=[1.2,2.2) artonlc
r o Authulyle1222) !
Do
Cu+Cu I|»,r|| <0.35
. high-PT
,0N)
- Heavy Qu | flows
. J/¥@RH | PHENIXpl'ellmm_ary _____ ——
g6 00" 150 506" 550 500" 350" 400

part

Models that were successful in describing SPS data

fail to describe data at RHIC
- too much suppression -




Properties of the Quark Matter beyond T,

J/y nuclear modification factor R, ,
- CuCu vs .,

a5~ BlUBargey AR

Grandchamp et al. hep-ph/0306077 suppression+regen e n e rgy
Zhu et. al nucl-th/0411083 transport in QGP

Bratkovskaya et. al nucl-th/0402042 HSD Model
Kostyuk et. al hep-ph/0305277 SCM Coalescence a rto n I C

#*  d+Au lyl=[1.2,2.2)
#®  AuthAu |y|=[1.2,2.2]
#  Cu+Culy|g[1.2,2.2)
Authu |y|<0.35
Cu+Cu |y]=<0.35

Flow : S

high-PT ¢
,0N)

| flows

Heavy Qu

PHENIX prellmlnary | |
0 ||||||||||||||||||||||||||||||||

J/¥Y @ RH
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Adding recombination:

much better agreement with the data




Properties of the Quark Matter beyond T

e

Q9% BBy LAY
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 Properties of the Quark Matter beyond T
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a5~ BlUBargey AR

- CuCu vs AuAu : Vary system size at same energy

. Flow : SQGP with early thermalization of partonic

d+Au Au+Au, 20-40% Au+Au, 0-5%
- 0. I— 0. STAR Prelimi 0.1
%‘§ l:l1_ [ + reliminary |>
‘”E. No background subtraction!

).051- 0.05- J- .05 ]

Clear emergence of the away-side jet

Wy
For the first time: jet-like peaks seen on near and away side
In central Au+Au collisions
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 Properties of the Quark Matter beyond T

uﬂ."ﬂi - Bu
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o| 2 0.06- o,,=0.25+0.03 2 2
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1_| g i — 5 |
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- 0_

A¢ (radians)



QM, Properties of the Quark Matter beyond T,

a5~ BlUBargey AR

- CuCu vs AuAu :  Varv svstem size at same energy
2.5 -4 GeVic x 2 -3 GeVic, All Charge

e~ 0.07 @  Centrality: 0-10% artonic

3 0.06 m  Centrality: 30 - 40% = 0.33
0.05
0.04
0.03
0.02
0.017

0
-0.01

&  Centrality: 80 - 92% = 0.048

o

Splitting
parameter D

PHENIX preliminary

Intermediate p; trigger: modification of away-side jets



QM, Properties of the Quark Matter beyond T,

a5~ BlUBargey AR

- CuCu vs AuAu :  Varv svstem size at same energy
2.5 -4 GeVic x 2 -3 GeVic, All Charge

e~ 0.07 @  Centrality: 0-10% artonic

3 0.06 m  Centrality: 30 - 40% = 0.33
0.05
0.04
0.03
0.02
0.017

0
-0.01

&  Centrality: 80 - 92% = 0.048

o

Splitting
parameter D

PHENIX preliminary

Intermediate p; trigger: modification of away-side jets



/M Properties of the Quark Matter beyond T,

a5~ BlUBargey AR

« CuCu vs AuAu : Varv svstem size at same enerav

[ 25-4GeVicx2-3GeVic | Away Side Splitting Parameter {D) for Various Systems
pr— - J 12—
S o S ® | 1€% F :
% oa3s. ~ —é # gi - I ; 1 . t
_,g 0.3 i_ _ % ® - 0, = 0s B N T
© 025 ;—‘2 i I T l
0.2F PHENIX Preliminary : 0.6 T
015 —e— All Charge re i
F 0.4
0.1 —e— Same Charge ( -
= 9 i b C m Preliminary Rund Au+Au 200 GeV
0.05— —— Opposite Charge 02— m Preliminary Rund Au+Au 62.4 GeV
0 E 1 1 1 | 1 1 1 1 | 1 1 1 1 I 1 1 1 1 | 1 11 1 | 1 1 1 1 I 1 1 1 1 B PrEIiminaw Runﬁ Cu+cu zuu GBV
0 50 100 150 200 250 300 350 ed u_ 11 I L1 11 | 111 1 I L1 11 | 11 1 1 I 1 1 1 | 11 1 1 I |-
N 0 50 100 150 200 250 300 350
part <Npalt>

INeEeu 111VUl€ ucualicu stuuy

= Near side seems to broaden as function of centrality
= Splitting parameter D increases with centrality

= Similar trend for all systems and energies




QJ\A Properties of the Quark Matter beyond T,

a5~ BlUBargey AR

NAG6O very precise

measurements in Inln

v
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In-In SemiCentral
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>, =133

excess data

RW (norm.)

BR (norm.)
Vac.p (norm.)
cockt.p (dashed)
DD (dashed)




Properties of the Quark Matter beyond T,

a5~ BlUBargey AR

e« CuCu vs AuAn - \/ars cuctam ciza at ggme energy

D°(D%)>Kn p <3 GeV/c |y|<1 17 of partonic

5 e Event-Mixing Background Subtracted —
(

D Event-Mixing+Linear Background Subtracted 1 uarks
| f

Gaussian+Linear Fit

. Flow : sQC

- e Gaussian Fit

- high-PT Sug 1 |ue,

1 s(meson)

Au+Au minbias ]

| w208V and flows

Counts [1 05/(5 MeV/cz)]
T

- Heavy Quarl

- J/¥ @ RHIC ACARC o1 sults
-1_| 11 | 1L 111 | L1 11 | 1111 | L 1 11 | 111 | 1 I_I
_ 17 175 18 185 19 195 2
: JEtS > Varic Kz Inv. Mass (GeV/c?) |

- The 1st direct Measurement of open charm in AuAu




Where we are, What to do

- SPS has returned !

— The 15t Order Phase Transition
- Looking for the ‘critical’ point
- SPS Program will be alive

- FAIR Project :

— detailed study around the ‘critical’ point
— study on ‘dense’ matter

- RHIC :
— Study on properties of the ‘Perfect Fluid’ matter




2 Appendix (STAR Collab.)

e BU0teEst ncas Thanks to Huang & Ma
0.4GeV/c < pt<1.2GeVic, 0.9<y<0.9

25000

d+Au 200 GeV rig 3 (18.4 M)
Au + Au 63 GeV run4. (5.1 M)
Cu+Cu63GeVrunbT 56M)

d+Au C 200 GeV

N

- -
- O > p+ K"
E Data Set: E
o Au + Au 200 G eVrun2( ~1.7 M, 30-§0%)
- p + p data 200 GgV run 2 (~8 M, Z<7bcm)




2 Appendix (STAR Collab.)

QO BUBAREy | R Thanks to Huang & Ma

0.5GeV/c < pt < 1.2GeV/c, -0.7 <y < 0.7 x" I ndf 38.77753
Raw Yield 1836 + 526.1

T T T 1 | T T 1 | T T 1 | T T 1 | 1 FWHMIEIQH’IE 0.006649 + 0.000974
: : : : Mass 1.53+0.00

600 pol0 5545 + 177.8 i

pol1 -3392 + 137.0
pol2 1939 = 81.1
1174 + 37.4

200 | g g g ﬁ
é é é : é | hal

-200

400

| | | | | | 1 1 1 | | | | | | 1 1 1 1 | | | | | | 1 1 1 | | | | | | ]_
1.45 15 155 16 165 17 175 18

Mon Apr 4 23:34:29 2005 Invariant Mass (GeV/cA2




Appendix (STAR Collab.)

a5~ BlUBargey AR ThankS to Huang & Ma

. i [ndf 38.77753 - 2T ndf 49.72753
| 0.5GeV/c < pt < 1.2GeV/c, 0.7 <y < 0.7 || £ ndt 1630 eoaq | || 0.5GeV/c < pt < 1.2GeV/c, 0.7 <y < 0.7 | xindt Sany Al s
c-TrTrTrrr T T T T T T T T T FWHMSigma  0-006649 = 0.000974 1200 FWHM/Sigma 0.006 + 0.001
- : : : : Mass 1.530.00 = Mass 1.528 = 0.001
oo ; : : pol0 5545 + 177.8 1000 — polo -3.571e+04 + 238
- LI polt -3392 £ 137.0 = pol1 7.4430+04 + 188
100 — : : : | pol2 -1939 £ 81.1 - pol2 -5.026e+04 + 113
- pol3 1174 +37.4 g00 | pol3 1.107e+04 + 52
200

-200

"'\'i'nj_i—f—' _

= ..Proton pg pt (0 3” 1. OQ

1.45
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Thanks to Huang & Ma

If pK* peak at 1530 MeV/c? is a real pentaquark, then | = 1
likely, there must be a ®*. But the recent JLab null result on ©*
casts serious doubt on the observation of ©*.

The STAR observed yield is so small such that many
experiments would not have the sensitivity to see it.

Within the STAR data we have not seen any significant peak
signal in p+p (8M) data and Au+Au at 200 GeV (~10M).
What do these null observations mean?

Production dynamics or data set bias unknown to us?

What is so special about d+Au 200 GeV (18.4 M events)
?

More and more carefulness for any concrete conclusion !



