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Outline

Introduction
PHENIX

Nuclear Geometry
= Centrality measurements

Global Measurements
Hadron Spectra

Jet Quenching
=« Theideas
= The baseline

=« The data

= High pt spectra— evidence
of deconfinement?

The future

Note — MANY topics skipped — HBT,
flow, fluctuations...

e Caveats

e In the interest of clarity |
have attempted to tell a
story —but please remember

 The data
e still preliminary
e generally the systematic errors
are estimated to be 30%.

e The ideas (theory):

e In the energy regime we are
exploring pQCD becomes a
reliable tool —

e but there are ancillary issues
such as the time evolution of
the system which are
uncertain
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To study matter at high density

= Early Universe
= Center of stars

To study the phases of QCD

= Where are the transitions?
= What order is it?

= Are there critical phenomena?
TWO different phase transitions!

Te~ 170 MeV

Temperature

= The deconfinement transition -

particles are roam freely over
large volume

=« The chiral transition - masses
change

= — Same energy density

Why Relativistic Heavy lon Collisions?

l( Early Universe )/_\ |!;'|I.-|I|%

Deconfined Quark-Gluon Plasma

Hadron
gas

Color
superconductor

Nuclear
matter ," -

£ o
-

=5 - 10 nuclear

Baryon density p

= Lattice QCD Calculations give

Te

e

C

~150-200 MeV;
~ 1-2 GeV/fm3

ritical
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How do we hope to see this phase transition?

= Relativistic Heavy lon Collisions
It would nice if we created a bottle of compressed quark and gluon gas

gas — but it isn't
Better analogy — early universe, exploding star

= Time evolution
= Lorenz contracted pancakes
= Pre-equilibrium < ~1fm/c ??
QGP and hydrodynamic expansion :~ few fm/c ??

= Hadronization and freezout 1~ 5-20 fm/c??
QGP and hadronic phase
and freeze-out

initial state hydrodynamic expansion

il
Mrw ¢|||

ol s
\||‘ l”I“Ill
[\

pre-equilibrium hadronlzatlon

Time Evolution  Richard seto



How do get information out of this collision?

Note — This list is NOT all inclusivel!

= Global Quantities HBT, flow, fluctuations...
= Multiplicity
E Collision Dynamics, Energy Density, Entropy
" b7

= Conserved quantum
numbers

= Baryon number Baryon Density- Baryon Free region?
= Strangeness Chemical Composition

= Hard probes } dE/dx of probes
= “Deep inelastic scattering” J Deconfinement

Debye Screening Length
Chiral symmetry restoration

= Leptonic probes }
= Electrons, muons, photons

Richard Seto
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PH ENIX
The people:

~450 Collaborators

11 Countries
51 Institutions

The money:
~ $50-100M

University of S8o Paulo, Sdo Paulo, Brazil

Academia Sinica, Talpel 11529, China

China Institute of Atomic Energy (CIAE), Beijing, P. R. China

Laboratoire de Physique Corpusculaire (LPC), Universite de Clermont-Ferrand, 63170
Aubiere, Clermont-Ferrand, France

Dapnia, CEA Saclay, Bat. 703, F-91191, Gif-sur-Yvette, France

IPN-0rsay, Universite Paris Sud, CHNRS-IN2P3, BP1, F-91406, Orsay, France
LPNHE-Palaiseau, Ecole Polytechnigue, CNRS—IN2P3, Route de Saclay, F-91128,
Palaiseau, France

SUBATECH, Ecole des Mines at Nantes, F-44307 Nantes, France

University of Muenster, Muenster, Germany

Banaras Hindu University,Banaras, India

Bhabha Atomic Research Centre (BARC),Bombay, India

Weizmann Institute, Rehovot, Israel

Center for Nuclear Study (CNS-Tokyo), University of Tokyo, Tanashi, Tokyo 188, Japan
Hiroshima University, Higashi-Hiroshima 739, Japan

KEK, Institute for High Energy Physlcs, Tsukuba, Jlapan

Kyoto University, Kyoto, Japan

Magasakl Institute of Applied Science, Magasaki-shi, MNagasakl, Japan

RIKEN, Institute for Physical and Chemical Research, Hirosawa, Wako, Japan
University of Tokyo, Bunkyo-ku, Tokyo 113, Japan

Tokyo Institute of Technology, Ohokayama, Meguro, Tokyo, Japan

University of Tsukuba, Tsukuba, Japan

Waseda University, Tokyo, Japan

Commissioning: June-July, 1999

The data: First physics run:

~May-00 through Sep-00

Caregraphes focica

Cyclotron Application Laboratory, KAERI, Seoul, South Korea

Kangnung National University, Kangnung 210-702, South Korea

Korea University, Seoul, 136-701, Korea

Myong Ji University, Yongin City 449-728, Korea

System Electronics Laboratory, Seoul National University, Seoul, South Korea
Yonsel University, Seoul 120-749, KOREA

Institute of High Energy Physics (HEP-Protvino or Serpukhov), Protovino, Russia
Joint Institute for Nuclear Research (JINR-Dubna), Dubna, Russia

Kurchatov Institute, Moscow, Russia

PMPI: 5t. Petersburg Muclear Physics Institute, Gatchina, Leningrad, Russia
Lund University, Lund, Sweden

Abilene Christian University, Abilene, Texas, USA

Brookhaven National Laboratory (BNL), Upton, NY 11973

University of California - Riverside (UCR), Riverside, CA 92521, USA

Columbia University, Nevis Laboratories, Irvington, NY 10533, USA

Florida State University (FSU), Tallahassee, FL 32306, USA

Georgila State University (G5U), Atlanta, GA, 30303, USA

lowa State University (15U) and Ames Laboratory, Ames, |1A 50011, USA

LAML: Los Alamos Mational Laboratory, Los Alamos, NM B7545, USA

LLNL: Lawrence Livermore Mational Laboratory, Livermore, CA 94550, USA
University of New Mexico, Albuguerque, New Mexico, USA

New Mexico State University, Las Cruces, New Mexico, USA

Department of Chemistry, State University of New York at Stony Brook (USB),
Stony Brook, NY 11794, USA

- ~5M triggers, 1.5M “useful”

- s =130 GeV

(next year = 200 GeV)
Richard Seto



PHENIX: electrons,muons, photons, hadrons
Central Magnet

™ Insta = \ .
m Active - - 3

Muon | D& |

Muon
Magnet

West Beam View East

= 2 Arm central spectrometers
+ 2 muon endcaps

= -0.35< h <0.35 (e,g, hadrons)
= 1.2<| h |<2.5 (muons-2nd year)
= Tracking : DC, PC, TEC
- = Particle ID : RICH, TEC , EMCal, TOF
\\Global Detectors (centrality)
Zero Degree Calorimeters (ZDC)
Beam-Beam Counter (BBC)

Central Magnet

ZDC South
] Beam

South SideView North



We need to worry about Geometry

Measuring Centrality (impact parameter)

= Zero Degree Calorimeters

BBC vs ZDC analog response

(ZDC)
= Sensitive to spectator
neutrons
= common to all four RHIC
experiments
= Beam Beam Counters (BBC)
= Using a combination of the —
ZDC's and BBC's we can define
Centrality Classes

ZDC

& P‘i‘lllll1|IIII|IIII|IIII|IIII|IIII|IIII|III

0-5 %

01 02 0.

04 05

06 07 08 08 ,,1
QBBC!Q BBC

0
< “Spectators”

aramete!
ympact P Beam-Be

"> QD

“Spectators” »nn
n
P P
P

BBC
ounter (BBC)

Zero Degree

Calorimeter
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Conversion from Centrality to

Nhinary COllisions and N

entries (a.u.)

participants

=Many models of particle production identify two components.

= Soft interactions where production scales with N
= Hard interactions where production scales with N

dNe/dh| = Soft” N
A simple Glauber model gives Ny;,.., and N

part

L)
1

80807,

0-5%

1

+ Hard ™~ Nboin

participants

binary

participants

Centrality

Binary

Participants

-

0-5%

945 + 15%0

347 + 15%0

5-15%

673 + 1520

271+ 15%0

15-30%

383 + 15%0

178 + 15%0

30-60%

123 + 159%0

76 £ 15%0

60-80%

19 + 60%0

19 + 60%0

80-92%

3.7+ 60%0

5+ 60%0

200

Introduces systematic error

e e Large for peripheral events
Number of DCH tracks/event
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= Multiplicity—Pad chambers

= Yields grow significantly faster than N

Multiplicity & E; per participant

E.—Electromagnetic Calorimeter

part

= Evidence for term ~ N, 9X/dh hoo = A" N +B7 Ny,
= Qualitatively consistent with HIJING (One of our “Standard MCs”)

Multiplicity

A—088t(9 28
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Hadrons: ldentification

: 1o = 115 ps
Combm_ed pP/K separation < 1.6 GeV/c
= Tracking Proton separation < 3.5 GeV/c
= Beam-Beam Counter (t,)
= Time-of-Flight array (tof) s PHENIX High Resolution TOF
: [ Au+AuNs = 130 A GeV
provides excellent hadron & | P
. - . Q L p
identification: g :
£4- K*
2  f P
wf ] 15<p<16GeVic| g2 § .~ .
& a s ok /
- TR
1503— | -2:_ o Y
5 - K+ § =
& ) | . m p -4 K P
5:):-— ] ]] _JJ-L'I[ J‘_U“ hr_l.— i %
ﬂ'-._l i ._I .J'J:_l e ..L?-q-_. ..u'—r‘.rl. L .1?.‘["-5:. i s .E:— T
Masssquared[GeVZ] _a‘:,,Hl,,,,|,,|||,,,,|||,,|,,,,|,,,,|,,|||,,,,|IIII
10 15 20 25 30 35 40 45 50 55 60

Time of Flight [ns]

10

10




Pion spectra — Hard Scattering

= Power law tail in p; = More evident in non-

indicating hard central collisions

scattering (mostly I just wanted to show you
the quality of the spectra)

Minimum Bias positve pions

R o S O QMOY (sealed)”

——

[pi] 1/mt diN/dmtdy
=

1/Nevt 1/pt dN/dptdy (a.u.

1iblevt 172>

- | 5-15% |
| 15-30%
= |30-60%: i L n Ll 0T
- 16080%: - | T |

1 1 L1 [ 1 L1 3_ ; i ; E E E E E E
10 |||||||||||||||||||||||||||||||||||||||
0 0.5 1 1.5 2 2.5 0 02 0.4 06 08 1 12 14 16 18 2
Pt [GeV/c] mt - m0 [GeVic 2]

nivliaru ocuw




EME—'”"””'”"“”"""”"""""”—f
" p/p ratio sy . perao

= Little or no dependence on g Centrality dependenée

. Centrality (Npart) -;,;:1_4:_" 02 PHENIX PRELIMINARY _
* Pr € R W i ik
=~ p/p= 0.54+0.01(stat.)+0.08(sys.) 1 T Central @ Neat
5% Central 0.8 3"‘:‘; E
We are reaching a baryon free ~ °- %ﬁﬁ% o. dependence
system — an excited QCD vacuum! _ °4 5% —$- ]
= p/p ratio
$(_Early Universe RHIC AR L
N Pasma iF | ® 11.0
£ p/p ratio PHENIX
: '31_0_‘ :_ SPS preliminary _| 0.1
E ' - ~0.05 ®
E L B
= Nuclear / . . e
maver /- QCD phase diagram " | AGS ~ World
t - —0.002e G dependence
Baryon density p = o~ 10 nuclear “ 1 - I1o - Imz S [Ge\/]



u u ] ] Iu IEI I I l I ths Wi | I I M I, l R l : I:
I n Itl aI C O n d Itl O n S [ i Minimum bias E, distribution at mid-rapidity 3
>qg'Le o
e EMCAL
= What is the energy density achieved? E \ E
= How does it compare to the expect phase - /‘-._. y
transition value from lattice QCD? wE “ E
- For the most ",
| tral ts: 2
Bjorken formula for thermalized energy density "¢ central events ol
. 1 1 dE; L PHENXpreliminary .
—_— —_— 0 10 20 30 40 50 60
Bjorken Rz t ; dy . | E, (GeV)

0 06— o0 dE /dn | _
~65fn/ ~ . {00 o

time to thermalize the

<_ _, system (ty~1.0-0.3 fm/c)
* Egjorken ~ 2.0 GeV/Tm3 ~15xCERN
Lattice phase transition:

ot €. ey ~ 1-2 GEV/Fm?3

Energy deposition is certainly adequate, but does
It create a new phase of matter, l.e. the QGP?




= The experiment we would
like to do — Deep Inelastic
Scattering of the QGP

= “hard” probes

Formed in initial collision with h

=\Sensitive to state of hot and

dE/dx by strong interaction
b jet quenching

initial sta

pre-equilibrium

= penetrate hot and dense ma

Hard Probes In Heavy lon Collisions, aka Jet quenching

Beams of colored quarks
Colorl

(et

H
|t

dense matter

igh Q2
[ter

hadronic phase
and freeze-out
oy i v
AEETPR Y Softened Jet

hadronization
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Parton Energy Loss

= Partons are expected to lose energy via gluon
radiation in traversing a quark-gluon plasma

ts fs ty ts

t, t
£ UNTILT 061 TR
E S % 2 k,c
g . 8 5

d-8; Q28> Q383 Q44 gs8s
= Two forms of energy loss considered
= dE/dx ~ constant, static plasma

= dE/dx —~ L
= This latter one is from QCD calculations
( interference)

= Both Static and expandin

ke t
) D -I-
.0‘0‘0‘1:.:9‘-
b
i

a considered

/Z

Baier, Dokshitzer, Mueller, Schiff, hep-
ph/9907267

Gyulassy, Levai, Vitev, hep-pl/9907461
Wang, nucl-th/9812021

and many more.....

The leading particle energy is lowered (jet quenching).
Hadrons above P, > 1 GeV are expected to be from jet fragmentation.

Thus, we should look for a suppression of high P, hadron production.

Richard Seto



Some expectations — (predictions!)

Prediction: X.-N Wang

Neutral pion pT — 10% central

;g“ l 02 :_,; ........................................................................
5 = : (www—hpc IbI gov)
] - : :
"l‘__ L * ‘s no shadowmg no pT broadenlng
_,:Q' : ] : (e shadowmg pT broademng :
alo E_ .......... [EPT .- - T L b [EEFTPRT
8 F .
% B . : : -
1 ot No quench
£ C
E : :
= [ t
1 :
10 E_ ................................................................... . .......................................................................
=
10 S Jet quenchlng ...........
- EE/dx 0. 25 GeV/fm S -
10 ﬂc ______ 2f.m ________ R R R .
_47
10 =
Bl b b b b b b s B
0] 0.5 1 1.5 2 2.5 3 3.5 4 4.5

pT [GeV/c]

5

-

': “l‘ No shadowing 1
M\ ---- EK588 shadowing _
/I Y. HIJING shadowing |
1
» \ i

“Cronin Effect” |

«.J-€. pT broadeni

>

L P I BT R B
6 8 10 12 14 16
pr (GeV/c)
Normalize to pp cross section

Define:

1 AA
R

<N;.> PP

Richard Seto
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Setting the baseline

n 107
: . i ’5‘“ g CDF + 1800 GeV
= To find jet suppression — compare 3 o f 2 630 GeV
to what? 8 10732 UA{ * 900GeV
.. . o 500 GeV
= Pp collisions scaled to G = 130 -g 10 L .« 200 GeV
Gev _ E— ISR = 53GeV
= Good fit to a power law T o 23GeV
= Peripheral collisions — an <=
approximation to pp, or pA =
and ‘;
= pQCD Models — Hijing, VNI, etc. g

+ jet dE/dX

= Needed to make quantitative
statements about energy loss

= Some are extensions of standard

Monte-Carlo’s 10 5_ ---------- power law fit %, !
6; — interpolation to 130 Ge’\olr T
10 UIIII1IIII2IIII3HII4H.‘“5

p, (GeV/c)



Models — scaling pp to AA

= How do we scale from pp to AA?

= Nuclear Geometry

= Scale Hard processes with N

= Scale soft processes with N
Remember — N;, and N,

= pp effects
= Intrinsic k;

= pp to pA effects
= “Cronin effect”, initial state quark scattering
l.e. p; broadening
Enhances higher p;

= Nuclear shadowing
Gluon shadowing Measure pA at RHIC!
= IS not measured
= large role at RHIC

binary
participants

ot taken from centrality measurement

Richard Seto



ﬂEZ‘Z. P I|;|.-|. i .u.!. P .u;!.. P .u.q. P :n.s
M (Gallic™)
pr>2

GeV,asym<0.8

Systematic errors included

Main sources:
= peak extraction
=  PIDloss

= efficiency calculations

®  non-vertex pions

= pT scale
Centrality ~N;,
10% 860
M.B. 125
75-92% 6

~Npart
300
75

6

(1/Nint) * dN/(2"pi*pT*dpT"dy)
(o)

|
i

PHENIX Data: p° spectra

Neutral pion pT spectra

. t ¢
Peripheral ?

PHENIX Preliminary

e 10% central
e Minimum bias
® 75-92% peripheral

Gs =130 GeV

i <«—Central

|

Min bias
5IIII|IIII|\III|III\|IIII|I\II|IIII‘IIII|IIII|IIII
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

pT [GeV/c]

~-1M Min Bias AuAU events
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Comparison to charged spectra

P - RHIC Au-Au min.bias
> 1p 2L preliminary
D g
RN
o - E‘m o PHENIX (h*+ h'y2
o 10 ¢ = » PHENIX n°
% e PHEN IX {m* +1 )2
= pO0 spectra matches g4 4%
identified charged S '“F'?F
pion spectra — F° ¢ L
different systematics! = 2| #%, Al chargec
3 e
o (@r+m2 ? T l
10 | ’
E 7'50 f ETI:E’:D;@
10 _45— qﬂ
o 1 2 3 4 5
p; (GeV/c)
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Comparison with QCD calculations:Peripheral Events

o
o) -
= 1 F PHENIX preliminary
3 +
o 4]
‘-._:: _1 - e
é.‘-l 0 3 peripheral {75-92%])
= B
L= -2r
al0 F
= 5 po
= L
o -3
— 10 =
= o
= [
AT
e,
— 10 -
-RrxX.N. Wang PRC 61 (2000}
10 | —dEax-o0
f na shadowing, no pt-broading
I -—---dEdx = 0, shadowing
-6 shadowin, pt-broading
1 O E -dEdx = 0.25 Gefm
E shadowing, pt-broading
PR R N SN NSNS SN NSNS ST MR ST S

I > 3 4 5
Py (GeV/c)

= good agreement with pQCD calculation in Peripheral Collisions
= Includes Intrinsic k;, Cronin, shadowing = = = =

s Baseline is OK |
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Central Events — Jet quenching?

. ) 3
- p_QCD over estimates % 1022— PHENIX preliminary
the cross-section U N
i 810 ¢ central (10%)
« forplatleast " 5 = : AR
: -~ - “NNo Quench CD]
= shadowing and p;- g Quench (pQCD.
_ EI{_:.I o 3 Shadowmg Pr
broadening seem Yo 'L /broadenmg
insufficient 2 L e
SR - =10 R ee0ss }
= calculation including . GeViim | f

constant energy loss 10 F—aseco

na shadowing, no pt-broading
- ----dEdx = 0, shadowing

= consistent with p° ig 4 eesom pmai
E T Snaowing, p smacing

p; (GeV/c)

"



Just compare to scaled

S pp(UAl fit 130)
Still suppression x5

Cronin and Shadowing effects
not included

Some sanity checks - 1

G.David, PHENIX

DHE 10 2L PHENIX preliminary
os-_J
S 10 L 10%
‘""‘: 75-92%
o
-~
= 1 F
ol ~.Central
=10 =
= : .
T
<10 F
9 E
= af
— 10 3
il
10 5
5F  UA1(130)
10 E --- scaled 1o 5% central
BE — scaled to 80-92% central
L PR (N TN VY T AN (N TR SO SN SN NN TN TN TR S NN SN SR SR
10 5 1 2 3 4 5
P, (GeV/c)
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= Maybe scaling is wrong?

= Check with central
collisions at the SPS
(where we don'’t see
guenching)

= No quench hypothesis
fits well to central
events

Some sanity checks - 2

T IIIIIIII

mtmime A =2 fim

dE/dx=0.01 GeV/fm

Pb+Pb — °
central 10%

E, =158 AGeV
WA98

[a—

1.5 2

25 3 35 4

pr (GeV/e)
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Sanity check — 3 Ratio Central/Peripheral

within systematic errors:

= nhormalize central to - 1
. - AA
peripheral divided by _ ,,
Nginary [ PHENIX preliminary
! ) 1 B o
= different systematic : PEDE“;E;“‘ +hﬂ>f2 * PHENIX
errors: 08

= Mmany experimental
errors cancel

= Systematic uncertainty

o o
M2 LN
| |
N
n —a—
[ ——

RAA = (central/MN_ ) / {(peripheral/MN__ )
= >
|

p, (GeV/c)
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Divide by <Nbinary>S op(UAL fit 130)

2 T T T I T T T I T T T T T T T --I 1
. Note Gs for model is 200 GeV
g % No shadowing
s E _——— - EKS28 shadowing
1
R, = 1 AA YN T -C HIJING shadowing
AA
< N bin > pp Neutral pion pT - central / UA1fit{130)
- - {normalized by maan number of collisions) ]
i g PHENIX Preliminary
= E ! 109 central, <Nooll==857
— i s
T T e Y R DU 2
N =
DE B ’ x %J
— ’ ; = Eq/(d «=0.25 Gevf’;fm L [ LI'-Uan{ limit of syst. error
0.5 | |
B +\1 ,¥+Au+,ﬂuu{b=0) VE=20C o1 ! {
D 1 1 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 = 0.+ 1 L.3 o A = Hd: T .J': {::
0 2 4 6 8 10 12 .= .u FrE

pPr (GeV,c)
= With cautious optimism

Data seems consistent with jet quenching ~ichard Seto



Jets : the future

= Next run (starting in May= Later as Luminosity
2001) — 100x statistics Increases

= p°to Pt~ 10 GeV ! = Direct g-tagged events:

= Greater sensitivity to exact
energy loss

How big?
Proportional to mean free
path?
= PA running??? Critical !
= Possibly high pt K- A sg
= Has no valence quarks ~ "u
s should be sensitive to
gluon jets

Gluons should have more
higher dE/dx than quarks

Richard Seto



PHENIX: Shape of Things to Come — electrons, muons

PHENIX RUN 12010 seq0010 event 291
= Completion of Central Arms Y Sl -
. . e " EastArm West Arm/
= Significantly w52
increased aperture BSL) s
» Electrons! NS A
= Tough in Heavy lon Collisions ‘ %| L
Low energy ~ < 3 GeV e
= All subsystems in concert :> "'-.f.r;'ﬂ-,',;;rm
A EC % = ]
= Redundancy of PID N 6 PMTRICH ring v %
. . EMCAL 2.6 GeVic track = /€M
= Addition of new capabilities ool
= South Muon Arm RICH EMCAL
=>» Di-muon physics
®» The ~5M events recorded e
In Run-1 represent g
~1 day of data-taking for :
RHIC+PHENIX in Run-2
. *@%/




What about the chiral phase transition or
Where does mass (hadronic) come from?

= Space filled with a chiral condensate i =" yy
= Similar to the higgs field for E-W theory
= wy - goo of quarks and gluons
= Couples to quarks and gluons

= Spontaneous symmetry breaking (l.e. chiral) of the
guark condensate at low Temperature generates

hadron masses V(f)
V(f) V() \ /
m \ /
- /
f
e L
T=te T~Te T>T.

= AST® T., mass ® O
= How do we heat up the vacuum?

= RHI collision leaves a region of excited “qqg, g
— ie hot vacuum

Richard Seto



Looking for Chiral symmetry restoration
Vector Meson mass shifts in the dilepton channel

Ight” Vector mesons are ideal probes (p,w, )

= Like putting a scale to measure \ -
.. . ®.
mass inside the fireball 2
. Short lifetime ~ few fm/c {‘
» Decay inside hot fireball A |
= Electrons (and muons) are ideal messengers e*

§ )
)

= Don't interact strongly (e.g. neutrinos from the sun). ,. \

: )
= e.g. In Medium w § ¢
-3 ——r—r——rrrr
= shows low mass tail - S ‘*?J _ 1,
= With its good mass Tl w,78:]'® :' e
resolution PHENIX 03 | -—-- T=13chi=y

should be able to see
this

= R. Rapp (Nucl. Phys
A661(1999) 238c

Imu g " [Coe
5
~ :-'ﬂ'-l._h_ .

a2 o.r 03 0.9



Other Physics topics

J/ v suppression — top priority next run

Search for chiral symmetry restoration, mass
shifts of the light vector mesons

Heavy quarks
Thermal di-leptons and photons
PA physics
Of course high pt particles
And
spin physics

Richard Seto



Conclusions

Energy density high ~ 1.5 x value at CERN SPS
Observation of hard collisions in heavy ion collisions
“p/p ~ 0.54 ~ a baryon free system — an excited QCD vacuum!

Systematic study of p; spectra for p%s versus centrality show

= Good agreement for peripheral collisions with predictions from hard
scattering

= Clear deficit in more central collisions
- Data-to-data comparisons
= Data-to-model comparisons

high-p, data ar e consistent with “jet quenching” predictions!!

= ldeally positioned to dramatically extend these results in the future
and hopefully answer:

= What is the nature of the deconfinement transition?
= Where is the transition from region of “no jet quenching” to the new regime?

= What is the energy loss as particles travel through the qgp?

= Where is the chiral phase transition? — are they related? — how?
= Order of transitions?

= Any critical phenomena associated with the phase transitions?



