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UItra—ReIatlv!sFlc Heavy lon
Collisions

Itra- elativistic uantum olecular ynamic Model

Po+Pb 160 GeV/A t=-00.22 fm/c
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Basic Idea
.—> 4—. A+A Collision
O
’0
O
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Phase Transition
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Relativistic HI Collisions

T(MeV) |

Early Universe

RHIC & future LHC

explore high

temperature & low

baryon density
partonic matter.

In—Kwon YOO

SIS explores high

Transition

INVIntd Obaryon density |
hadronic maltter.
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Hl Accelerator

| Acceerator TR s
2A

SIS 18

UOITeAIOW

Running

(GSI, Germany) (A=mass number)

AGS
(BNL, USA)

JuswIRdx3

5A Finished

SIS 300 SA Plan to run from

(GSI, Germany) ~2014

SPS

(CERN, Switzerland) Finish soon

RHIC

(BNL. USA) Running

LHC Plan to run from
(CERN, Switzerland) ~2007




onseil “uropeen pour la
echerche "ucleaire

Organisation Européenne pour la Recherche Nucléaire CERN Accelerators
European Organization for Nuclear Research (not to scale)

LHC
LEP : 1989

LHC : 2007

ALICE

Graa Sasse (1)
T30 kam
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Motivation

Experiment

Results

Outlook

(@)}
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CERES: Pb + Au 158 AGeV I D.Adamova et al., subm. to PRL

data in comparison to
post freeze out hadronic cocktail

CERES/NA45 Pb-Au 158 A GeV
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CERES/NA45 Pb-Au 158 A GeV

nmgflrrmz T %
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2.1<1<2.65

m,, (GeVic?)

for 0.2 <m_< 1.1 GeV/c?
excess over hadronic decay contribution:
2.45 + 0.30(stat) + 0.38(syst) +0.74(decays)

U..
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04 06 08 1 12 14 16
) m,, (GeV/c?)
Rapp Wambach

broadened p spect. function

Brown Rho
dropping p mass



<dN,fdm,>/<N_ >{100 MeV/c’)”

‘ CERES I €7 ¢" pair vield after subtraction of hadronic cocktail excluding p

10° 6
180 ——— cocktail p . 18410

. v - cacktail

——— dropping p mass % ' i

16 ) ) ) ‘;.; 160 p spectral function w/ baryon effect

: l in-medium hadronic = _ p spectral function w/o baryon effect
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m,. (GeVic?)
excess smeared out over wider mass

range than expected for dropping
P mass scenario

strength of di-lepton yield at low
masses due to coupling to baryons

(similar to the observation by DLS, HADES)



NAG6O very precise measurements in Inln
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‘ NAG60 I In+In 158 AGeV: p, @, p—>u*™ w

R. Arnaldi et al., PRL 96 (2006) 162302
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s. talk by J. Seixas

after subtraction of hadronic cocktail
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—> broadening of p meson; no mass shift



ectrometer

Target
Vertex TPCs

Main TPCs

Forward ~
Calorimeter

1

Study of Strange and
Multistrange Particles

Beam

Magnets

vent / wound. nucl. relative to pBe

Partide/

pBe pPb

T(K*)(MeV)

vent / wound. nucl. relative to pBe

Partide/ e
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Strangeness Enhancement

Kt=us, K°=ds, K =ds, K—»=71s and ¢ = s3

pr>0, ly-y,l<0.5

Particle / event / wound. nucl. relative to pBe
Particle / event / wound. nucl. relative to

In—Kwon YOO

wound >

wound >
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Onset of Deconfinement? %
§.
=
=

<m> ~ Entropy

Deconfinement :

An Increase of Pion Yield at the Onset o
®
=
(¢
~

Strangeness Enhancement :

QGP
o
£

Anomaly in transverse Expansion
o
S

2 aGs o
o p+p % RHIC o
=]
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Na44 focussing spectrometer

A
-

Vertex TPCs

Main TPCs

Forward ~
Calorimeter

1

Study of Strange and
Multistrange Particles

nd. nucl. relative to pBe

pBe pPb

T(K*)(MeV)

pBe pPb

Measured / Expected J/y suppression
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J/¥ in QGP

In the QGP the screening radius

could become smaller than the
J/v radius, effectively screening
the quarks from each other

041 fm | 1.07 fm

Ap (pQCD) = /79 - n 0.59 fm
STk

Ref) Introduction to High-Energy Heavy-Ion

Collisions, C.Y. Wong 1994 become unbound, and may
combine with light quarks to
emerge as “open charm”
mesons.

The charm and anti-charm

In—Kwon YOO APCTP2007-02 @ Pohang
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J/¥ in QGP (J/¥ Suppression) :
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‘Al_'- A M

- B . ‘
\BRAHMS

v'Circumference: 3.83 km

v'First collision: 2000

v'100A GeV Au+Au(2X10%%/cm?/s)
v'250 GeV p + p (2X1032/cm?/s)
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NATIONAL LABORATORY

1991 completed.
Preacceleration of particles
entering the AGS ring.

(AGS)

1960. 0.37c = 0.997c
33GeV for protons

ATHR_ -

Booster  AGS-To-RHIC (ATR)
Accelerat transfer line. Bunches are
__# directed either left to the

clockwise RHIC ring or

: right to travel counter-

w clockwise in the second
(Linac). RHIC ring.

Protons 200 MeV (300 mA)

for pA collisions. Late
1960’s.

Tandern-to-
Booster line

Tandem-to-Booster line (TTB)
In—Kwon YOO 1986, 700m, 0.05c ang

Alcernatci 116eV for AuAu

adient
chrotron

- “*%% )

T

o Tanderm
Jjuk Van de Graaff

1970, 15MV, lons, 24m
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http://www.bnl.gov/bnlweb/facilities/TVdG.html
http://www.bnl.gov/bnlweb/facilities/LINAC.html
http://www.bnl.gov/bnlweb/facilities/Booster.html
http://www.bnl.gov/bnlweb/facilities/AGS.html

July 18, 2001
00:48:41

e —

Run 7224
Event 5261

m""‘ Multipficity
o

| : 5 (\ on Banm eountars
PHENIX -_ ‘*'\\
1 Mi trometer Dx

T, GOt magnets

STAR

rime af
flight

Centra
Magnet

, £ forward timwe proj 1amber
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Jet Quenching <
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Mach-like Shock wave

\[syn=200GeV PHENIX Total 3-Picle Jet Corrin.  Cent = 10-20%

2.5<p1T'i?<4 GeV/c

~ |
S |
1<p$_“2“_°3c<2.5 GeV/c il EN'XJ

D— ~~.
77 N A K]
- — — — t//{;/%ﬁ.‘l‘“\{\\\\\\\\%\%\\, 4}1' >
Wy, WA
"’I:f’l,l;g'g‘ll\\\}_‘&““
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Elliptic Flow (v2)

PHENIX Preliminary PHENIX Preliminary

AutAuys,,=200 GeV, 20-60% D AutAu s, = 200 GeV, 20-60%

#:%.ﬁ;%f ’

pHp
T
K'+K

~—
PH ENIX

0.5 1
KE-lan (GeV)
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Heavy lon Exp. Landscape

SPS

UOITeANON

FT-RHIC
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JuswIRdx3

s (GeV)

SPS ERA LHC ERA

AGS ERA .zch ERA.

In—Kwon YOO APCTP2007—O. FAIR ERA. 38

S1|nsay

joojno



Motivation Experiment Results Outlook
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DL

Have We discovered Something ?

Y¥¥: 004, )iTopr(

Physicists never say No!

Thanks for your attention
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