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Outline of the talk
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B Motivation and physics goals of

Relativistic Heavy lon programs
Relativistic Heavy lon Collider at BNL

Programs at BNL-RHIC

B hadrons and quarkonia in Au+Au, d+Au

and p+p up to Vs, = 200 GeV

B |eptons and photons

B Another RHI program at CERN-LHC
B \Where we are? - as summary -
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B We know the QCD
lagrangian, but can
handle only at large
energy scale.

B Search for partonic

Motivation of RHI programs

Inclusive Jet cross section
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matter and understand
the non-perturbative
nature of quarks and
gluons;
B equilibration and EOS
B color and mass in
partonic medium

B de-confinement and
Chiral symmetry
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B ook for new physics
beyond QCD and/or SM.
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Creating matter in the early Universe

Historv of the Universe
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Lessons from AGS and SPS

BHadrons probe dynamics at 1986 2000 2007
the final stage;

mhigh baryon density

Bchemical and thermal
equilibration
Emulti-strange baryon
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Relativistic Heavy lon Collider at BNL

2 Independent super-conducting rings

3.83 km circumference

AGS complex as injector

up to 100 A GeV Au and/or 250 GeV (polarized) p

6 intersections; 4 complimentary experiments
- BRAHMS - PHENIX - PHOBOS - STAR -
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Initial energy density € achieved

PRL87, 052301 (2001)
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in Au+Au at Vs =130 and 200 GeV

compared with;

geoiicd ~ 1 ~ 2 GeV/fm3 by theories and
& ~ 3.2 GeV/fm3 in Pb+Pb at SPS
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1/(2mm,)d*N/dm,/dy (GeV/c?)™

1721 1N, 1/m, d*N/dm,dy
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Hadron measurements by 4 exp’s
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Au(Pb) + Au{Pb) Central Collisions
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200 GeV Au+Au, <Nparl> = 328+7

Equilibration achieved
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M.K.’s poster for inter

Distributions are parameterized with; T, and £,
Yields are parameterized with; T, /4, 4 and
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(*1) : feed-down effect is comected in data
(*2) : feed-down effect is included

national conference Strangeness in Quark Matter 2003

The SPS scenario
works again for
hadrons, but..



Discovery of jet quenching

PRL 88, Num. 2 (Jan. 2002) PRL 91, Num. 7 (Aug. 2003)

Astiches published week ending
15 AuGusT 2003
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This topics will be focused by the next speaker,

Prof. J. H. Kang (Yonsei Univ.)
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Quarkonia and color force in medium

B T. Matsui & H. Satz predict %06 ] %o (059 fm) E
“melting” Charmonium in RS v
QGP; PL 178(86)416. 05 | (058 m .
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The PHENIX J/¥’s In p+p

p+p—J/P+X at \'s,, = 200 GeV nucl-ex/0307019; submitted to PRL
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B clear J/V¥ signals in both central and forward arms
e expected mass resolutions
e mean transverse momentum:
1.80 + 0.23 (stat.) £ 0.16 (sys.) GeV/c
e integrated cross section:
3.99 + 0.61 (stat.) £ 0.58 (sys.) £ 0.40 (abs.) ub

B good agreement with
 lower Vs data and phenomenological extrapolation
e color evaporation models

T. Sugitate / Hiroshima Univ. / phx036

12



The PHENIX J/¥’s In Au+Au

nucl-ex/0305030
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B not much statistics, but we can say that;
B binary scaling disfavored

B inconsistent with enhancement scenarios
® c.g. Phys. Rev. C63 054905 (2001)
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More leptons and Photons

open heavy flavor (charm, bottom) production
probe of initial state and good reference to J/¥ production
jet quenching effects to heavy quarks /
B light vector mesons (¢, o, p) Y oy*
probe of chiral symmetry restoration
B thermal dileptons =
possible mass window at 1-2 GeV;

cf. direct photons § §ﬂ
B direct photons
probe initial parton distribution and

final state parton/hadron re-scattering g q—>yq 40— }/

€® These measurements are scheduled in the
coming Au+Au run starting in a month.

€ More activities are ongoing, including
hardware upgrades, to complete the goals.
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Open charm production by single e+

Au+Au @ s, = 130 GeV : minimum bias

hr—'l.lu3III|IIII|IIII|IIII|IIII|IIII|IIII|IIII§
= E\ PHENIX preliminary ]
o L + _
S 4k i(e +e7)/2 _
z 0\ | é
o AR g conversion ]
= 4
Z 1015_"& E
g =] ~ \ 3
= 1\ =
= : II". :
S 407k .
-a_l'-. ]
10 3 M — ee, T ee E
E AN i
10l G — ee,nee ]|
107 E
-lu'a_llllllllllllll!ikl\lll Ill.}xlll Illll_ll_
0 05 1 15 2 25 3 35 4
p, [GeVic]

Looks “no large suppression”
- unlike light quarks! -
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Phys. Rev. Lett. 88 (2002) 192303
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1.8~ PbGl, peripheral

(V1 2% measurea (¥ T aim
T

0.6
0.4
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Py (GeV)

Boxes: 16 systematic error

Direct photons in PHENIX

N
T

1.8~ PbGl, central
1.6f
1.4f
1.2f
]
0.8
0.6
0.4f

(’Y / no)measured !(T! Tcu)sim

o * pQCD + factor 5
- Error band indicates pion suppression
0.2 3 10 systematic error

™ N | | | | | ) | N 1 )
% 1 2 3 r 5 6
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Au+Au—y+X at \syy = 200 GeV
PHENIX preliminary

B no direct photon excess seen within errors
B based on measured neutral pion spectrum
B systematic error to be reduced in further analysis
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Next generation of a RHI collider

B|L_HC is a RHI Collider

B former LEP tunnel
B 27 km circumference
B upto2.8ATeVPDb
B a factor of 28 times higher
Vs, than RHIC

B ALICE only the one

B cover in single experiment
what is by 4 at RHIC and by **
several at SPS and AGS \

B Goals of the RHI program™
B examine the QGP state after
the “discovery” at RHIC
B fully understand the non-
perturbative QCD nature of
quarks and gluons
B |[ook for what NOT expected

T. Sugitate / Hiroshima Univ. / phx036
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The ALICE status

=7 F ol

e T

B L3 magnet has been
reformed for ALICE at

the point 2.

B the Muon magnet will
be installed soon.

B various detectors are in
R&D/testing/production

' L un|u'.4
-
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ﬁ Where we are? - as summary -

Do we see anything exciting at RHIC?
BYes, we do: e.qg. see the next talk and recent PR(L)’s

Have we discovered Quark-Gluon-Plasma®?
B“it’s a quark-gluon plasma. period.” (M. Gyulassy)
B“maybe premature to claim triumph.” (~experimentalists)
B \What’s up in the next runs?
BMprobe of deconfinement via rare processes
®light vector mesons and quarkonia: J/¥, ¥’
®low- and intermediate-mass dileptons
BMprobe EOS in early stages
®direct photons and heavy quarks
B Will RHI physics/program ends at RHIC?
BRHIC presenting rich harvest;
BMeven more fruitful physics ahead of us at BNL and CERN

Stay tuned.
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Relativistic Heavy lon Collision

Hadronization
(Freeze-out)
+

Expansion

Pre-equilibrium  Thermalization QGP phase? Mixed phase




The RHIC Experiments
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Pioneering High Energy Nucl. Interaction Exp.

Emaximal set of probes and
physics channels

B photons/electrons/muons/hadrons

Bmunigue emphasis on penetrating probes
Bmhigh quality measurement

Mgood particle identification

mhigh resolution

Mwide kinematical coverage
Baccess to rare processes

mhigh rate capability

M selective multi-level triggering
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-
=

dE/dx (keV/cm)

® A large volume TPC covers |n| < 1 with a full
azimuthal coverage.

® PID capability of TPC - dE/dx and RICH.

® Topological PID technique for short lived and/or
neutral particles.

¢ (angle)

1807
120

50~

STAR Accepitance

o=

= 0
Rapidity
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PHENIX Physics Strategies

T. Sugitate

"l.le-;tc\r mesan EE:]EFEEHIHQ = pr* Esm%py
Upsilon 20Me¥
=0 @ K og
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. Chiralty M.a/ N - |I=sospin
Phi-Meson Restoration 0 Netsz Flurﬁuatiun
| 2 Ml
Width (h, 1
F few:
%3 @ —< Y
I#—I) I KKQ dE+ . H_____Lh dE+
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Compton N Charm
Hgamrga (pr > 2GeV) cham Enhancement
| factar 2
| 2022 8 (e.w)
J_Radiatiun from
Hot Gas (initial)
1 . dET | e E
¢ dy £ dy

thermal Radiation from
Ngamms (PT < 168Y) Hot Gas (thermal)

Ok

8¢ dy

E Typical Level
of Error

various signatures; essentially all time scales

Minitial hard process

®|ets, high pt hadrons/photons
Bmdeconfinement

®heavy vector mesons
B chiral symmetry restoration

®light vector mesons, disoriented
chiral condensation

Mthermalization

@®thermal photons/dileptons, open
charms/bottoms

M hadronization

®hadron spectra, strangeness, HBT
interferometry

mhydro-dynamics
®transverse energy, dN/dy
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The PHENIX J/¥’s In p+p
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p+p—J/¥P+X at Vs, = 200 GeV
nucl-ex/0307019: submitted to PRL

Hclear J/V¥ signals in both central and
forward arms

e expected mass resolutions
e mean transverse momentum:
1.80 £+ 0.23 (stat.) £ 0.16 (sys.) GeV/c
e integrated cross section:
3.99 £ 0.61 (stat.) £ 0.58 (sys.) £ 0.40 (abs.) ub
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The PHENIX J/¥Y compared with

data
~2.57 —
L PHENIX f10¢ nucl-e_x/0307019;
2 2 PO submitted to PRL
Q_, 1 3 PHENIX
A5 Af
a 107}
oyl ;
L 10°}
5t . 3 M CEMwith GRVHO
05; —Fit(p+qIn \s) 10 -----CEmmthMRS-A
R 107k
2 2
10 10 10 10
\'s (GeV) \s (GeV)

B Good agreement with

e lower Vs data and phenomenological
extrapolation

e color evaporation model

ready to go!
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One Dedicated HI experiment: ALICE
One pp experiment with a HI program: CMS
One pp experiment considering HI: ETL =

AN\
LHC - B CERN

= == ATLAS ALICE
' iiEeint | =z Point 2



