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The Relativistic Heavy Ion Collider at BNL

Two independent rings 3.83 Kk in
circumference

120 bunches/ring



The RHIC Experiments
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PHENIX Central Arm

PHENIX Detector - Second Year Physics Run

PHENIX High Resolution TOF
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The PHENIX Muon Arms

0 Detect muons with
Piot 7 2 GeV/c
-1.25>n>-2.2 (South Arm) or
1.2 <n < 2.4 (North Arm)
O Muon Tracker (MuTr)
Measure momentum of muons
with cathode-readout strip

chambers at 3 stations
inside Muon Magnet

O Muon Identifier (MuID)

n/u separation with 5-layer
sandwich of chambers
(Iarocci tubes) and steel

Trigger muons
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The RHIC Run History

The RHIC machine performance has been
Very impressive:

»Machine is delivering design luminosity(+) for
AuAu

» Collided 3 different species in 4 years
*AuAu, dAu, pp

>3 energies run
19 GeV, 130 GeV, 200 GeV

> 1t operation of a polarized hadron collider

Year Species s12[GeV ] N (sampled) Data Size

2000 Au-Au 130 ; 10M 3TB

2001/02 Au-Au 200 - 170M 10TB
Au-Au 19 <1M

200

p-p 200 15 pb- 3.7G 20 TB

2002/03 d-Au 200 : ; 55G 46 TB
p-p 200 : - 6.6G 35TB

2003/04  Au-Au 200(64) 241 ub(9.1) 1.5G(58M) 200 TB
p-p 200 352 ubt  360M 10TB
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PHENIX White Paper (T)

PHENIX just released White Paper which is a extensive review of its

results up

0 Energ
For tl
Hydr¢

to Run3 (http://arXiv.org/abs/nucl-ex/0410003).
y density; €;=(1/1A)(dE;/dy)

vdynamical calculation using elliptic flow (t1..m=1fm/c); 5

0 Thermalization

Meas

ured yields/spectra are consistent with thermal emission

(Ttherm=157MeV, ng=23MeV, p=0.5).

Ellipt
Curre

ntly do not have a consistent picture of the space-time d

reactions at RHIC as revealed by p, spectra, v, vs p; for pro

pig

n; not yet possible to extract quantitative properties of

mixed phase using those observables.
0 Fluctuations

Net ¢

ne Created particles at proper time (tg,.,=0.35fm/c); 15 GeV/fm3.
14 GeV/fms3.

ic flow (v,) is stronger at RHIH than at SPS, and v,(p) < vu(n).

ynamics of
ton and
QGP or

I l‘n lln AAA' :M
naryc IIULIUUIIUHD nas ruea ULII IHC Mmool HUIVC moaerin

Q6P by

showing non-random fluctuations expected from high-p;, jets only.

A severe constraint on the critical fluctuations expected for a sharp
phase transition but is consistent with the expectation from lattice
QCD having a smooth transition.
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PHENIX White Paper (II)

Scaling

“lude final state medium effect, = from d+Au, y/fotal cha
m Au+Au collisions were used.

imental evidence for the binary scaling of point-like pQCL
\uAu collisions.

condition for hard-scattering at RHIC is an incoherent
erposition of nucleon structure functions.

+ Suppression

bserved suppression of high-pt particle production at RH]
jue phenomenon not having been produced previously.

m induced energy lose is the only currently known physica
“hanism that can fully explain the observed high-p, suppre

n production

rge (anti) baryon to pion excess relative to expectations
ton fragmentation functions at p,=2-56eV/c remains one
it striking unpredicted experimental observations at RHI

rm yields

D process

[Cisa

I
2ssion.

from
of the
C.

At present, no theoretical framework provides a complete understanding
of hadron formation in the intermediate P, region.
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PHENIX White Paper (IIT) :
Future Measurements

To further define and characterize the state of matter formed at RHIC,

PHENIX is
strong inte
probes are
infegrated

High-P; S
Trace the
High mon

J/vy Prod
uu- deca

in mid-

Charm Pr

Produced

Jjust starting the study of penetrating probes not experis
ractions in the produced medium. By their very nature, ¢
also rare probes and consequently require large value of -
luminosity.

uppression and Jet Physics
> suppression to much higher P, to determine whether it ¢
\entum jet correlations using &, K, p to beyond 8GeV/c in

uction

y channel at forward and backward rapidities, and e*e- de
rapidity for p+p, d+A/p+A, and A+A systems.

oduction
in the initial hard collisions between the incoming parton:

2ncing
enetrating
the

lisappears.
P.and .

cay channel

s. Measure

indirectly using high-p, single leptons and directly with upgraded detector.
Low-Mass-dileptons
Sensitive prove of chiral symmetry restoration.
Thermal Radiation

Through real photons or dileptons, a direct fingerprint of the matter formed.
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I would like to pick the most famous result for th

of my
P+ Sup
> Eve
> Col
> Hi
> Hi

More on High P Suppression

e rest

talk. The following are topics related to the High

pression.

>nt Characterization in PHENIX
ision centrality, N_participants, N_collisio
gh p+ hadron suppression in Au+Au

gh p+ hadron suppression in d+Au (control e

> Su

nArscctan-nd £
ppression ot rtar

ns

Xp.)
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Event characterization

parameter b) can be determined by measuring multiplicity (or
transverse energy) near collision point combined with the
number of free neutrons into beam directions.

Multiplicity (BBC)

> Npart: Number of nucleons which suffered at
least one inelastic nucleon-nucleon collision

> Ncoll: Number of inelastic nucleon-nucleon

collisions

Free neutr%ns(ZDC)

Knowing the centrality using multiplicity of charged particles (BBC) and,
number of free neutrons (ZDC), we can determine Npart and Ncoll from

Glauber calculations; Phys. Rev. 100 (1955) 242.

14



South
___MulD

Collision Centrality Determination

Spectators

Central Magnet

South Blick von der Seite

North

MulD

ZDC

 10-15%

ZDC Energy Sum

: i"-III|IlI|III|III|III

0 200 400 600 00 1000 1200 1400 1600 1800 2000
BBC Charge Sum

* Centrality selection : Sum of

(BBC, [n|=3~4) and energy of
Zero-degree calorimeter (ZDC)
* Extracted N, and N, based on

Glauber model.
15



AA as a superposition of pp

Probability for a "soft” collision is large (&
(~99.5%). If it happens, the nucleon is

“wounded” and insensitive to additional «©

collisions as it needs some time (~1fm/c) L >

to produce particles, thus yields of soft «©
particles scale from pp to AA as the ® Qeo Me
number of participants(Npart). >

A 75 wm
Probability for a “hard" collision for any f

two nucleons is small, thus yields of hard
particles|should scale with the number of
binary nu ISi
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Hard scattering in Heavy Ion collisions

schematic view of jet production

Jets:

leading particle

leading particle

> primarily from gluot

> produced early (<1

> sensitive to the QC
(dE/dx)

Observed via:

> fast leading (high p

or
» azimuthal correlatic
them

s at RHIC
:m)
D medium

t) particles

ns between

Mechanisms of ene-rgy loss in vacuum (pp) is understood in terms of formation time
and static chromoelectric field regeneration™. Any nuclear modification of this
process could provide a hint of QGP formation.

* F.Niedermayer, Phys.Rev.D34:3494,1986.
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RHIC Year-1 High-PT Hadrons

Al L [
Hadron spectra out to 5 102l t ' Au+Au Ve 130 GeV
pr~4-5 GeV/c < 107~ é

> % - n= 0

() Y i |

. . S 10 by 2
NommG”y h'gh Pr — E iii i
hardrons are from 'OI_ ;L E@ -éég."}f:entral i 5"‘:::..,\: central
hard scatfering; scale g T
spectra from N+N by L, -1[ i
number of binary °
. of

collisions g. 10 %] i

Nl N
Peripheral reasonably = 10 | E
well reproduced; but s Ll [
central significantly Z 10 | -
below binary-scaling T | h+2+ h i

10 F —scaled N+N reference "
I BT T S
0 2

4 0
p; (GeVic)



Closer look using the Nuclear Modification
Factor RAA

Nuclear —p (pr) d*N 4 ,/dndpr —
Modification AA\PT) —
Factor: (Neot) d* N, [dndpr
J
Compare A+A to p-p cross sections N
€ v >
14
R am F
1.2 - _ 1
WoFp===-2 " “Nominal effects”:
0.8 "hard" R,s 1 in regime of soft physics
0.6 - RA;§ 1 R,z 1 at high-p; where hard
0.4 " " scattering dominates
soft : .
0.2 E RAi 1 due to k; broadening (Cronin)
0.0 1 1 1 1 1 ] .
0 1 2 3 4 3 6 Suppression:

Tranverse Momentum (GeV/c) R.x 1 at high-p;
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RHIC Headline News... January 2002

|".'Eg _ Au+Au vsy= 130 GeV PHEN |X /I/
central 0_10% s
ahtsh)2 PHYSICAL
0 REVIEW
o *F {  Pb+Pb(Au) CERN-SPS 1 LETTERS
o+c. CERN-ISR :.-'- J 14 January 2002
N no : + Valume £, Nurixs 2
----------------------------------- | ——
1l S binary scaling | T
S I i
....... TS g ® ibrey s e Tl e P 1l 1587
ity S RSP )
i l.l.. o = 7 Puldlished by Thi Anseican Physcal Sscisty
Bt RHIC
® =2 a4
o, (GeV/c)  PHENIX PRL 88, 022301 (2?02)
\

First observation of large suppression of high p; hadron yields
“Jet Quenching”? == Quark Gluon Plasma?
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R,4 ¢ High P+ Suppression to at least
10 GeV/c

1.
~ Yield ppe/ Nijrary D o 3 ® Central ° (0-10%)
AA T o= 16—
Yield o Peripheral 70 (80-92%)
141
Peripheral AuAu - consistent 1.2 _ _
with N, scaling (large N [ Binary scaling
systematic error) _ - o] {
08— > I J | J { \ [
S
0.6
B Factor 5
04 ®é I
C e ® +
. T $00%0,9 ++++ ........ + .......
Large suppression in central / i - . o'
.. - Participant scaling
AllAll-ClO un| | |2|| | |£||-| | |(|3| | IE|3I | |1|[]
scaling at high P p. (GeVic)

PRL 91 (2003) 072301
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Jet-Quenching?

< 1.5

R,

Comparison with model calculations with
and without parton energy loss:

L Au+Au at Vs, = 200 GeV

without parton energy loss

O Pion-suppression
reproduced by mo

parton energy loss

dels with

D

t well

0 p,-dependence no
described

292



0 Initial
Effect
high p-
to proj
dense

Initial State Effects

Cd 4 CLL . ~dne
oldle Tl TeCls.

huclear matter

0 Candidates:

Initic
SC(

increases R, ,

Modi
str
(S}

Gluon saturation

s which lead o R, , #1 at
- but which are not related
verties of the hot and

1l state multiple soft
itterings (Cronin Effect):

fication of the nucleon
ucture functions in nuclei
1adowing): decreases R, ,

(Color Glass Condensate):

decreases R, , (?)

Cronin-Effect observed in
p+A experiments:

Ewo=300 GeV

+
T

Ewo=800 GeV

25 6.0 75

Pr

(oGe\sl)

6 9 12
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|
|

p+A (or d+A): The control experiment

b \ 2

A

H-

f|\ f|\

e Jet Quenching interpretation; interaction with medium produced in ﬁnll state

suppresses jet.

* Gluon Saturation interpretation, gluons are suppressed in initial state r
suppression of initial jet production rate.

* If these initial state effects are causing the suppression of high-P, hadrons in
Au+Au collisions, we should see suppression of high-P, hadrons in d+Au collisions.

sulting in
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R.a vVs. Ry, for Identified n°

R

Neutral pions are
measured with 2
independent Calorimeters
— PbSc and PbGl:

R,s - dAu min. bias (PbSc)
R,s - AuAu 0-10% central

o o O O . N = ¥
SN & OO0 = NN &N

Consistency check. 9 j
d+Au B S e

Ii LU ‘# E

neutral pions ® -

 E

Au+Au E

=III|III|III|III|IIIIII|III|III|III|III
C {o
- s
e

The dAu results (initial state effects only) suggest that the created
medium is responsible for high p; suppression in Au+Au.

PHENIX, PRL91 (2003) 072303.
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O

Centrality Dependence

Au +Au d + Au Control
g 2: | I | I | I | I | : - 2 2: ‘ I | I | I | I I |
160 W RN 0A0% /NN (1m0 0A0%INWN | 4 gF I.l-l-l.
- i - H}ﬁﬁk

o 1" -.-'-'-.-
1.2 — 1.2 E

1E I . 1t

0.8 1  os[ l'f:"
C _ C ':..
0.6 - o8 °
04l ﬁ;’ . ﬁ 041
- 85 . - d+Au 200GeV = h*+h" 0-20%/ N+N
0.2F S Dﬂ'glﬂrﬁ'aﬁ‘k 0.2]- ]
ot I R B B R P S B NN H R I IR B
o 1 2 3 4 5 6 1 8 o 1 2 3 4 5 6 71 8
Final Data p; [GeVic] Preliminary Data p;[GeV/c]

OppoJi’re centrality evolution of Au+Au compared to d+Au con‘rrLol.

0 Initial state enhancement (“Cronin effect”) in d+Au is suppressed

O

by final state effect in Au+Au.
Notice difference between n° and h*+h- (more later).

26



Cronin Effect (R,,>1) : h_ch vs. =°

d+Au: Cronin Effect _ - D'_Ch;rged'hadm'ns""'
(Rga>1): Initial o 1'85 A @ neutral pions d+Au -
Multiple Collisions oF =
broaden P4 AN =
spectrum 1 2F E
| C / * -
E/ -
PHENIX 2F
PRL 91 072303 (2003) 0F
nucl-ex/0306021 0 10
pp (GeV/c)
g

Dif ferent behavior between p® and charged hadrons at pr = 1.5 - 5.0 GeV/c!

d+Au data suggests the flavor dependent Cronin effect.
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RHIC headline
PHYSICAL news... AugUSf
REVIEW 2003

LETTERS BNL Press Release, June 2003:

Arlicles published week ending
15 AUGUST 2003

Volume 91. Number 7 LaCk Of high pT

ey hadron suppression
in d+Au strongly
suggests that the
large suppression in
Au+Au is a final

IIIII state effect of the
( produced matter
e T (Q GP? !)
—~—

PH ENIX



Jet Correlations: 2-Particle Correlations

“Near Side Jet”
13 _ _ + ®m 20<pT<3.0(GeV/ 41.03
Escapes L 2.0 < pT < 3.0 (GeVic) - <pT<3.0(GeVlc)
1.2 - — 11.02
d+Au Au+Au =
% 3
Sl Min Bias | 0-10%  |*™°
10 r 1.00
0.9 r - 1 0.99
. . 0 30 60 90 120 150 180 30 60 90 120 150 180
Far Side Near Ad (deg.) Far Near Aé(deg.) Far
Jet” Lost PHENIX Preliminary PHENIX Preliminary

Parton exiting on the periphery of

in

the collision zone should survive Far-side Jet is suppressed
while partn Central Au+Au : Further indication
through the collision zone is more of suppression by produced

likely to be absorbed if Jet-
Quenching is the correct theory.

medium.



Two Particle Azimuthal Distribution

The pr

revious PHENIX result is consistent with published STAR

(PRL 91, 072304, 2003)

[T T T T T T L L
= e d+Au FTPC-Au 0-20%
—~ 0.2
g B k- —— p+p min. bias
= i
= - *x Au+Au Central
-c -
s 0.1
> -
= i
= i
F L
0
| | | | |

SAran

A ¢ (radians)

 result

Azimuthal distribution similar in p+p and d+Au

Strong suppression of the far-side jet in central Au+Au
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Summary of high-pt Suppression

There is a massive suppression of high-pt hadron yield
Central AuAu collisions.

n

No high-pt suppression in dAu collisions is observed and the
initial state effect such as gluon condensation (CGC) can not
explain the above suppression.

The high-pt suppression in Central AuAu is consistent with
the final state effect; partonic energy-loss (Jet Quenching)
in produced matter (QGP?).

Far-side Jet is suppressed in Central AuAu : Further
indication of suppression by produced medium.
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