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QGP Physics Issues Probes
Debye Screening of QCD Interactions
e r(Y)=0.13fm < r(J/¢) = 0.29 fm < r(¢p') = 0.56 fm

J/p — eTe™ at y ~ 0. Electrons
J/p - ptu~ at y ~2.
P — ptu at y ~ 2. Muons
Chiral Symmetry Restoration
e Mass, Width, Branching Ratio: ¢ — ete™, KTK~ Electrons
with Am < 5 MeV. Hadrons

e Baryon Susceptibility: Production of antinuclei.
e Narrow o-meson?
Thermal Radiation of Hot Gas

e Prompt 7, Prompt v* — ete™. Photons, Electrons
Deconfinement: Nature of the Phase Transition
e First-order: Entropy Jump — Second rise in the < pp > Hadrons

spectra of w, K, p.
e Second-order: Fluctuation — N (7°)/N (7t + 7n7),d>N/dnd¢. | Hadrons, Photons
Strangeness and Charm Production

e Production of KT, K—, K{. Hadrons
¢p—ete, KT K™ at y ~0, Electrons
¢— putuT aty ~2. Muons

D-meson: ey coincidence.
Jet Quenching

e High pr jets via eading particle spectra. Hadrons
Space-Time Evolution
e HBT correlations for 77w and KK. Hadrons

[0 1.1: Physics Issues Related to Quark-Gluon Plasma
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2.1 Overview
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O 2.1: PHENIX detector



2.1. Overview

0 2.1: Physics Variables to be Measured by the PHENIX Experiment

Quantity to be Measured Category* | Physics Objective
ete”, ptp~

ep—utp/p— ww, do/dp, BCD Basic dynamics (T, 7, etc.,) for a hot gas,
w—ete Jw— mm, do/dp, transverse flow, etc.

e ¢p-meson’s width and my_,e+.- QGP Mass shift due to chiral transition (C.T.)
¢ —ete /o - KTK™ QGP Branching ratio change due to C.T.
¢-meson yield (ete™) ES Strangeness production (gg — s§)

e J/p —ete ,utpu QGP, QCD | Yield suppression and the distortion
' — ot of pr spectra due to Debye screening
Y, — utp~ in deconfinement transition (D.T.)

o1l <mp(Itl™) <3 GeV ES, QGP | Thermal radiation of hot gas, and

(rate and shape) effects of QGP
e myr;- >3 GeV — putp~ QCD A-dependence of Drell-Yan, and
QGP thermal p*pu~
o0 — wmete, vy QGP Mass shift, narrow width due to C.T.
e coincidence
e eu, e(pr > 1 GeV/c) QCD, QGP | ct background, charm cross section
Photons
¢ 0.5 <pr<3GeV/cry ES, QGP | Thermal radiation of hot gas, and
(rate and shape) effect of QGP

epr >3GeV/cy QCD A-dependence of QCD ~

o 10 1 spectroscopy BCD Basic dynamics of hot gas, strangeness in 7

e N(7%)/N(r* + n~) fluctuations QGP Isospin correlations and fluctuations

e High pr 7%, 7 from jet QGP Reduced dE/dx of quarks in QGP

Charged Hadrons
e pr spectra for 7, K= p, p BCD Basic dynamics, flow, T, baryon density,
stopping power, etc.
QGP Possible second rise of < pr >

e ¢p— KK~ ES, QGP | Branching ratio, mass width

e K /7 ratios ES Strangeness production

o 7w + KK HBT BCD Evolution of the collision, R

QGP Long hadronization time (Rous > Rside)

e Antinuclei QGP High baryon susceptibility due to C.T.?

e high pr hadrons from jet QGP Reduced dE/dx of quarks in QGP

Global
e Nyt (total multiplicity) BCD Centrality of the collision
e dN/dn,d>N/dnd¢,dEr [dn BCD Local energy density, entropy
QGP Fluctuations, droplet sizes

*

BCD = Basic collisions dynamics.

QGP = Effect of QGP phase transition.

ES = Thermodynamics at early stages.
QCD = Study of basic QCD processes.
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2.2 Detector System

PHENIXOOOOOOOOOOOOOOOOODOOOOOOOODOoOoOooOoOOO
0000 OCentral Arms00 p 00000000 DO0ODOOOOODODOOOOOO
OMuon ArmMO0O00000000O0OOO0ODOO Inner Detector0 0D OO OOOO
000o0oo0oooobo0ooo220000

O00doooooooooboOodOsmO0OO12m0 HOOODODOOOOOOOO
Oo00000ooooobooooooz22oooooooonooooooooon
O20000000Central ArmsO00 00000000 O0OOOOOOOODOOOO
000000000 boOo00o00o0o000ooooooobboooo

Element 6 (deg.) n ¢ (deg.) AQ (sr)
Central Arms 70 - 110 | —0.35 - 0.35 | £(22.5 - 112.5) 1.07
Muon Arm 10 - 35 1.15 - 2.44 0 - 360 1.17
Inner Detectors | 2 - 178 —4.0-4.0 0 - 360 ~4T

O 2.2: Angular and Pseudorapidity Coverage of PHENIX

FLUX RETURN YOKE
OUTER COIL

INNER COIL

MUON_P1STC
/AND CoILS

/Accssg oot

\\\\\\\\\\\\‘\fEACKPLAT

TER
SSEMBLY

CENTRAL MAGNET MUON IDENTIFIER
- MUON MAGNET

0 2.2: PHENIX magnet subsystem
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2.2.1 Central Arms

Central Arms 0 0000000000000 DOOOOO0OOODOOOOOOOO
000000000000 0000000O0O0o0000D20000000 West,East
AmmO0 0000000000 zO0OOODOOOOOOOA =70°—110°d¢p = 90°
gddodoysrddooooooooo00oOooOooooooooboooooo—n0
0000000000000 00b0oOo0000ooDOobDooo0oOoOoooooo0oo
00000 000000000000 00TOoFMOOOOOOOoOoOooooooa
000000000000 00000000000000 TOFOOO smO00O0O
oooooooad

Central Arms D0 0000000000 230000

Element Radial Channel | Function
Space(mm) | Count
DC 2050-2450 10,240 | Tracking and pattern recognition primarily
in r-¢, momentum measurement.
PC1 2475-2525 15,616 | Pattern recognition and tracking, primarily in z.
RICH 2575-4100 6,400 Electron identification up to p = 3 GeV/c.
PC2 4150-4210 15,232 | Pattern recognition and tracking, primarily in z.
TEC 4217-4910 28,032 | Pattern recognition, tracking in r-¢, and
electron identification by dE/dx up to p = 2 GeV/c.
PC3 4910-4980 15,552 | Pattern recognition and tracking, primarily in z.
TOF 5030-5180 1,056 | Hadron identification, 7/K up to 2.4 GeV/c.
EMCal e/ measurements by energy, shape, and timing.
(PbSc) 5030-5930 | 15,552 | Electron identification below 350 MeV/c by
(PbG1) 5230-6130 9,984 time-of-flight and above 1 GeV/c by E-p matching.
K/e separation up to 1 GeV/c by time-of-flight
for dE/dz.

[0 2.3: Baseline Configuration : Central Arm Detectors

Tracking System (DC,PC,TEC)

000000 Drift Chamber (DC)OPad Chamber (PC)OTime Expansion Chamber
(TEC)DOOO0O0OOO0OO0O00000OODODODO0O0OO0O0OO0OOD22400000

DC PC1 PC2 PC3 TEC

r — ¢ resolution 150pum 2mm 3mm 4mm | 230pm

z resolution 2mm 2mm 3mm 4mm 230pum

Two track separation | <1.5mm | ~8mm | ~12mm | ~16mm

0 2.4: Performance of Tracking Chambers
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RADIAL ENVELOPE DIMENSIONS

(VIEW LOOKING SOUTH)

020 PHENIXOO

\
CRANE HEIGHT ¢ \

\

SHEILD WALL

/)

. ,
_ GLASS Ene P~ ouss EMCa ,r/

e

11278

6215

f~—— 2050.0 —|

|e——— 2525.0 ——~|

f——— 2575.0 ——=

8001

4100.0

6011.3

7620

O 2.3: PHENIX Central Arms
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Drift chamber (DC) Drift chamber 0 r—¢ 00 0000000000000O0O
O000000000000000(0,—¢ ~ 150pm)

Pad chamber (PC) Pad Chamber 000000000000 DCO RICHOD
(PC1)ORICHO TECO O (PC2)OTECO TOFO DO (PC3) 00000000000
0000 p./p, 0000000000Pad 00000 PC10 8mmOPC20 12mm0O
PC30 16mm 0000000

Time Expansion Chamber (TEC) Time Expansion Chamber 00 00O 00O
dE/dx 0000000000000 250MeV/e ~ 3.0GeV/cO000O0O0O0O00OO
Ooo000oObO00000 e~230pm OODOODODOODOOOOOOOODODO
o000

Ring Image Cherenkov Detector (RICH)

Ring Image Cherenkov Detector (RICH)O 1000000000000 000O0O
gododoed4o0o 00000000000 0O0O0O0O00O00O0O00O0O0O00O00O0O0O000O0O
dooooooooooboobodoooooooooooboooooooooooo
0oooooooooooododdoooouooooonoooooonooon
O000-000000000000 4.0GeV/c000000O0OOOOOOOOO
00000000 RICHOOOOOOOODOOOODO #,pODOO ~1°0000

Time-of-Flight Counter (TOF)

00000000000 000 TOFOO PHENIXOOODODOOOODOOOOOoOOO
OO0000000DOOoTOoFO100D0000000DO0ODOO0ODOODOODOOOOOOO
O000000bO0000booooboesbn1ooonbooo11oog 06000
0000000 240TOFOD0ODOOO S SMMOOODOO0O0OOADOODO40°0p000
45° 00000001 000000000000000O0 100cm? 0 ORHIC O Au+Au
0000000000 dNg/dy ~ 1500 000000000000 0O occupancyd
0 10%0000

O000000&ps00D00O00OODOOODODOOO0ODO 4o 0000D0O0OO
7 /KO 24GeV/cOK/p O 4GeV/c DO ODOOOOODOODO

Electromagnetic Calorimeter (PbSc,PbGl)

PHENIXOODDOOOOOODODDODOODOOOOOOoOoooOooooboboo oo
0000000000000 00O00 (PSe)DOODODOOOOODO (PbGHOODOO
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[ 1 [m—] —
f
L
f
5
g
L
0
o] |
L 1 — -
50 cm
Scmtllat\oi' PM{‘ u-metal
== L] — @
64 cm short slat 43cm

long slat

O 2.4: TOF detector
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PbScOO ¢ 000 90°+45° OPbGIO O 45° 00O OOO0OPHGIOD TOFO OO
D00000000000000000000 PbScOO dE/E =8.0%/vVEOPbHGI
00 dE/E=6.0%/vEOOODO

2.2.2 Muon Arms

Muon Arm 0 10°<6<35°00000000000O0O0ODO 20000 5mO0
0000000000000 0000b00o0obOooo0obUonod Muon Magnet 110
O0-00000000000D00O0D00O000

p 000000000000 030000000 (wWIry)yOD6eOOO0OOOO0OO
00 30cmx1, 10cmx2, 20emx3,00 000000000 Streamer Tube O 0O 0O OO
(uID)ODODOOOOOOOO

TRACKING 55
STATIDONS

IAMMA RAY —
ABSORBER

10~

COPPER
OSECONE T —_ |

o006$’3’33000
oS 000003030202
BESRLRLRAIRAKK,

5

o = BEAM CENTERLINE
I — s
AL RHIC
TUNNEL
L I
MUDN
MAJOR FACILITY HALL TDENTTFTFR

O 2.5: PHENIX Muon Arm
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2.2.3 Inner Detector

Inner Detector O OO OOOQO OO Beam Beam Counter 0 OO OO DO OOO
00000000o0on0OnOOdodd Multiplicity and Vertex Detector O O 0O OO 0O O
Ooon0

Element | Location (mm) | Channel | Function
Count
MVD 50 < r < 120 34816 | Event multiplicity, multiplicity
—350 < z < 350 distributions, and precise vertex.
BB 1750 < |z] < 2000 128 Start time and fast vertex.

0 2.5: Baseline Configuration: Inner Detectors

Beam Beam Counter (BB)

000000000000 (BBC)ODOODDODODODOOOOOOODODODODOOOOO
gbbgobooboobbuoouogoboobog emgdbogbooon
U 21°~5220000000006400000000000000000O0000O0
gobodbboobooouoooobboooboobboboboooboon
gbbobuoobboooboobooobbobbooooobompsbbboobd
goood

Multiplicity and Vertex Detector (MVD)

Multiplicity and Vertex Detector MVD)OD OO0 00000000 OOOOOOO
0o0oooooooooooooodoooonoooooooooooonoooon
0ooooooooog 200um 0000
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2.3 Simulation System

PHENIXODODODOODODDOOOODODOOODODOOODOOOOobDOOooooooobo
gbobodboboogbuogoboobbuoobboobbbuoobouooboboon
gbobogobooboouobbooobboooboodbbooobooooboobod
ggugboogbobogobbuogobaobbobboooobbogbobiboobo
goobooggd

2.3.1 Event Generator

RHICOODOOOOODOODOOOOODOOOOODOOOODO RQMD [5]0HLJING 6]
0000000000000 Event Generator D OO OO OO0 O

RQMD (Relativistic Quantum Molecular Dynamics) 00 00000000000
000000000000 00000DODO0000oOoDOo AGSOooooooo
O0o00oooooooon

HIJING (Heavy Ion Jet INteraction Generator) J AA Collision O 0 O O Glauber
000000000000 bo0ooboooboooooboooooooooaaon
000000000 DObOO0o0o00obDbOOooooooobooOonn

0000 Event Generator J O 0 HIJING OO OO OAu+Au 100GeV 0O 0O OO
00-10%0000000050-100%00 dN/dyOOOOODODOOO0OOOOOODOO
O 0O 2600 2.70

2.3.2 PISA

PISA(PHENIX Integrated Simulation Application) 00 000000000000
gogoobboobbbooddddooooooooooobbobbobouo
0000000000 GEANT 4|0 0000000000000 O0O0OOOOO0O0O
goobboodboooooooubobboouooobbbooooboubbod
goooooubbbbbboooooooooouobobobbooooooooon

2.3.3 STAF

STAF (Scientific Table-based Analysis Framework) 00 000000000000
000o0oooooobooooodRHICOOOOOOOO STAR,PHENIXOOOO
0000000000 ooooooouUNIXODoooooooooood
00000000000 000000ooooodnotableD0OOOOoOOoOOO
Oo0o0ooooooood C++0CHFertran00 00 0000OOOO0ONO
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C Mean -0.6867E-02
— RMS 2.148
= [ R L
dN/dy ( 0-10%)
D 323
Entries 1663196
Mean -0.3199E-02
RMS 2.730

dN/dy (30-50%)

0 2.6: HIJING dN/dy distribution
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ID 322
Entries 3053174
Mean -0.2225E-02
RMS 2.364

dN/dy (10-30%)
ID 324
Entries 588228
Mean -0.1166E-01
RMS 3.766

-5

dN/dy (50-100%)




2.3.

Simulation System

10

107

~

IN 3
T \HHH‘ T \HHH‘ T \HHH‘ T \HHH‘ T TTT

10

10

10

10

-

-
o

17

T ®
ST @

182
3053174
0.3923
0.3209

-
o

N ~
R N R R AL At MR AR

-

o

m;

Pt (10-30%)GeV/c

o

Pt (0-10%) GeV/c

—_
o

N

N PR
T \HHH‘ T \HHH‘ T \HHH‘ T \HHH‘ TTT

10

10

10

10

—_
o

-

o
P @
Aimmaniniy

184
588228
0.2574
0.3007

-
o

IS 3
T \HHH‘ T \HHH‘ T \HHH‘ T \HHH‘

o

MM i

Pt (50-100% )YGeV/c

o

Pt (30-50%) GeV/c

0 2.7: HIJING pz distribution

5



18 020 PHENIXOO
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O 3.1: Hadron Measurement
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