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The PHENIX detector is designedto perform a broad study of A-A,
p-A, and p-p collisionsto investigatenuclear matter under extreme
conditions. A wide variety of probes,sensitive to all timescales,are
usedto study systematic variations with speciesand energyaswell
as to measurethe spin structure of the nucleon. Designing for the
needsof the heavy-ion and polarized-proton programshasproduced
a detector with unparalleled capabilities. PHENIX measureselec-
tron and muon pairs, photons, and hadrons with excellent energy
and momentum resolution. The detector consistsof a large num-
ber of subsystemsthat arediscussedin other papersin this volume.
The overall designparametersof the detector are presented.

1 In tro duction

The Relativistic Heavy Ion Collider (RHIC) at Brookhaven National Labora-
tory acceleratesnuclearbeamsfrom protonsto gold.For the heaviest beamsan
energyof 100 GeV/nucleon is reached. Four detectors,BRAHMS, PHENIX,
PHOBOSand STAR, areoperating to study collisionsrangingfrom p-p to Au-
Au. The PioneeringHigh Energy Nuclear Interaction eXperiment (PHENIX)
is carried out by a collaboration of about 500 physicists and engineersfrom
54 participating institutions in 13 countries [1]. Fig.1 shows a subsetof the
Collaboration standing in front of parts of the PHENIX detector.

The PHENIX experiment probes several fundamental featuresof the strong
interaction. A prime goal for experiments with heavy ion beamsis to produce
a decon�ned state of nuclear matter called the Quark Gluon Plasma (QGP)
and study it's properties. This is thought to be the state of the universea
� s after its birth in the \big bang". Measuring leptons and photons probes
the QGP phasedirectly, while studying the copiouslyproducedhadronsgives
information on the later hadronization of the QGP. RHIC also provides the
opportunit y to study collisions of polarized protons. The aim is to measure
the spin structure of the nucleon[2].

In order to carry out this broad physicsagendathe PHENIX detector utilizes
a variety of detector technologies.It usesglobal detectorsto characterizethe
collisions,a pair of central spectrometersat mid rapidit y to measureelectrons,
hadrons,and photons,and a pair of forward spectrometersto measuremuons.
Each spectrometer has a large geometricacceptanceof about one steradian
and excellent energyand momentum resolution and particle identi�cation.
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Fig. 1. Members of the PHENIX collaboration in front of the PHENIX detector.

2 Ph ysics Goals of PHENIX

Quantum Chromodynamics(QCD) predicts that heavy nuclei colliding at ul-
trarelativistic energieswill undergoa phasetransition from hadronic matter
to a decon�ned state of quarks and gluons moving freely over a volume ap-
proximately 10f m3, namely the QGP.

This processcanbethought of asproceedingthrought a seriesof stepsfrom the
initial collision through QGP formation (decon�nement) and possiblechiral
symmetry restoration. The QGP would thermalize followed by expansionand
cooling leading to hadronization. PHENIX is able to probe each phase of
the above processby virtue of its abilit y to study the rare processesinvolving
photons,electronsand muonsaswell asthe predominant hadronicproduction.
The experiment hasa high rate capability and �ne granularit y combined with
excellent momentum, energyand massresolution.

Direct photonsand lepton pairs which emergefrom the collision with a mini-
mum of �nal state interaction are sensitive to the full time evolution from the
initial state through thermalization. The capability to measuredirect photons
over a wide range of pT is unique to PHENIX and is important for relating
their momentum to the temperature of the emitting source.
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Jets from the hard scattering of constituent quarks and gluonsare produced
in the initial state and are sensitive to the properties of the medium during
the evolution so that a signi�cant modi�cation of the structure of the jet is
expectedif a QGP is formed.PHENIX studiesthe decon�nedstate and Debye
screeningby observingthe yields of the J/	 and 	 0 relative to that of the �.
Chiral symmetry restoration is predicted to result in the reduction of quark
massesand possiblechangesin the lifetime and width of the � and possibly
the � and ! . All of the above vector mesonsarestudied by observation of their
decays into lepton pairs.

After hadronization the expansionof the �reball is studied by measurement
of Hanbury-Brown-Twiss correlationsand the coalescenceprobabilities of var-
ious nuclei and anti-nuclei give insights into the space-timeevolution of the
collision. Precision time of igh t (ToF) allows measurement of the identi�ed
chargedhadron spectrum over a wide pT range.Many of the above signalscan
alsobe producedfrom interactions betweenparticles in hot hadronic matter.
It is thus necessaryto understand the purely hadronic e�ects. For this rea-
sonPHENIX studiesthe above signalsusing p-p and p-A collisionsto gain a
better understandingof e�ects distorting signalsfrom the QGP.

A secondmajor goalof the PHENIX experiment is to measurethe spin struc-
ture of the nucleon. RHIC acceleratesbeamsof polarized protons up to 250
GeV with polarizations up to 50%. Work of the EMC [3] collaboration and
others indicated that the fraction of the proton spin carried by the quarkswas
only about half of the expectedvalue.PHENIX studiesthe gluon polarization
by measuringhigh pT prompt photon production using the highly segmented
EM Calorimeter to minimize interferencefrom photons from � 0 decays. The
anti-quark polarization is measuredby observingthe parity violating asym-
metry for W production. The W particles are identi�ed by the detection of
muons or electronswith pT � 20GeV=c using the PHENIX north and south
muon arms or the central spectrometer, respectively.

3 PHENIX Detector Subsystems

The PHENIX detectorcomprisesfour instrumented spectrometersor armsand
three global detectors [4]. The detector consistsof a number of subsystems.
The rapidit y and � coveragesand other featuresof thesesubsystemsis given
in Table 1 and a perspective drawing of the PHENIX detector with the major
subsystemslabeled is shown in Fig.2. Also an overview of the subsystemsis
given below. The eastand west central arms are centered at zerorapidit y and
instrumented to detect electrons,photons and charged hadrons. The north
and south forward armshave full azimuthal coverageand are instrumented to
detect muons. Each of the four arms has a geometricacceptanceof approxi-
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Fig. 2. A cutaway drawing of the PHENIX detector. Labeled arrows point to the
major detector subsystems.

mately onesteradian.The global detectorsmeasurethe start time, vertex and
multiplicit y of the interactions. A photograph of the PHENIX detector from
above is shown in Fig.3.

3.1 Global Detectors

In order to characterizethe nature of an event following a heavy ion collision,
three global detectorsareemployed. They consistof Zero-DegreeCalorimeters
(ZDC), Beam- Beam Counters (BBC) and the Multiplicit y-Vertex Detector
(MVD). A pair of ZDC's [5] detect neutrons from grazingcollisionsand form
a trigger for the most peripheral collisions.The ZDC is usedby all four RHIC
detectors and is discussedelsewherein this volume [6]. A pair of BBCs [7]
provide a measureof the time-of-igh t of forward particles to determine the
time of a collision,provide a trigger for the morecentral collisionsand provide
a measureof the collisionposition alongthe beamaxis. The MVD [7] provides
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Fig. 3. Photograph of the PHENIX detector viewed from north to south. The central
arms are visible on the right (west) and east(left) sides.In the back the south muon
magnet and the muon identi�er detectors are visible

a more precisedetermination of event position and multiplicit y and measures
uctuations of the chargedparticle distributions. It is composedof concentric
barrelsof silicon-strip detectorsand endcapsmadeof silicon pads.Recently a
Normalization Trigger Counter (NTC) [7] has beenaddedbetweenthe MVD
endcapsand the central magnet pole tips. The NTC extendsthe coverageof
the BBC for p-p and p-A running.

3.2 Central Spectrometers

The magnetic �eld for the central spectrometer is supplied by the central
magnet [8] that provides an axial �eld parallel to the beam and around the
interaction vertex. The central arms consist of tracking systemsfor charged
particlesand electromagneticcalorimetry. The calorimeter[9] is the outermost
subsystemon the central arms and provides measurements of both photons
and energeticelectrons.A lead-scintillator (PbSc) calorimeter is usedfor good
timing and a lead-glass(PbGl) calorimeter givesgood energyresolution.

The tracking system usesthree sets of Pad Chambers (PC) [10] to provide
precisethree-dimensionalspacepoints neededfor pattern recognization.The
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Table 1
Summary of the PHENIX Detector Subsystems.

Element � � � � Purposeand Special Features

Magnet: central (CM) � 0.35 360� Up to 1.15 T�m.

muon (MMS) -1.1 to -2.2 360� 0.72 T�m for � = 2

muon (MMN) 1.1 to 2.4 360� 0.72 T�m for � = 2

Silicon (MVD) � 2.6 360� d2N=d� d� , precisevertex,

reaction plane determination

Beam-beam (BBC) � (3.1 to 3.9) 360� Start timing, fast vertex.

NTC � (1 to 2) 320� Extend coverageof BBC for p-p and p-A.

ZDC � 2 mrad 360� Minim um bias trigger.

Drift chambers (DC) � 0:35 90� � 2 Good momentum and massresolution,

� m=m = 0:4% at m = 1GeV.

Pad chambers (PC) � 0:35 90� � 2 Pattern recognition, tracking

for nonbend direction.

TEC � 0:35 90� Pattern recognition, dE=dx.

RICH � 0:35 90� � 2 Electron identi�cation.

ToF � 0:35 45� Good hadron identi�cation, � < 100 ps.

T0 � 0:35 45� Improve ToF timing for p-p and p-A.

PbSc EMCal � 0:35 90� +45 � For both calorimeters, photon and electron

detection.

PbGl EMCal � 0:35 45� Good e� =� � separation at p > 1 GeV/c by

EM shower and p < 0:35 GeV/c by ToF.

K � =� � separation up to 1 GeV/c by ToF.

� tracker: (� TS) -1.15 to -2.25 360� Tracking for muons.

(� TN) 1.15 to 2.44 360� Muon tracker north installed for year-3

� identi�er: (� IDS) -1.15 to -2.25 360� Steel absorbers and Iarocci tub esfor

(� IDN) 1.15 to 2.44 360� muon/hadron separation.

preciseprojective tracking of the Drift Chambers (DC) [10] is the basis of
the excellent momentum resolution. A Time ExpansionChamber (TEC) [10]
in the east arm provides additional tracking and particle identi�cation. The
Time-of-Flight (ToF) and Ring-Imaging CHerenkov (RICH) detectors also
provide particle identi�cation [11]. The 85 ps timing resolution of the ToF al-
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lows separationof kaonsfrom pionsup to 2.5GeV/c and proton identi�cation
out to 5 Gev/c. For p-p running the ToF timing resolution would be poorer
than for heavy ionsdueto a reducednumber of particles in the BBC. The ToF
timing is improved by the useof a T0 counter [11] outside the barrel of the
MVD. This is neededfor p-p and p-A experiments. The RICH providessepa-
ration of electronsfrom the large number of copiouslyproducedpions. Using
information from the RICH, the TEC and the electromagneticcalorimeter it
is possibleto reject pion contamination of identi�ed electronsto one part in
104 over a wide rangeof momentum.

3.3 Muon Spectrometers

The two forward muon spectrometers[12] give PHENIX acceptancefor J/	
decaying into dimuons at rapidities of � 2:25 � y � � 1:15 for the south arm
and 1:15 � y � 2:44 for the north arm. Each spectrometeris basedon a muon
tracker inside a radial magnetic �eld [8] followed by a muon identi�er, both
with full azimuthal acceptance.The muon trackersconsistof three stations of
multi-plane drift chambers that provide precisiontracking. The muon identi-
�ers consistof alternating layersof steelabsorbersand low resolution tracking
layers of streamer tubesof the Iarocci type. With this combination the pion
contamination of identi�ed muons is typically 3 � 10� 3. The completenorth
arm will be installed prior to the year-3PHENIX run.

3.4 Electronics and Computing

PHENIX selectsand archivesevents of potential physics interest at the max-
imum rate consistent with the available RHIC luminosity. The channel count
for the PHENIX detector is large and details for the various subdetectors is
given in Table2. Note that for somesubsystemstwo ADCs are required per
channel to get the neededdynamic range. In order to obtain a high data-
collection e�ciency a high degreeof coordination betweenthe electronicsand
computing e�orts is required. Custom Front-End Electronics (FEE) were de-
signed for the PHENIX subsystems.Signals from the FEEs [13] are trans-
ported by optical �b ersto the level-1 trigger [13] that processessignalsfrom a
number of subsystemsand then either acceptsor rejectsthe event. The trigger
operates in a synchronous pipelined mode with a latency of 40 beam cross-
ings, and thus generatesa decisionfor each crossing.The timing of the above
operations is coordinated by a master timing system[13] that distributes the
RHIC clocks to granule timing modules that communicate with the FEEs.

In order to study the rare event physics for which PHENIX was designed,it
is necessaryto have a higher level of event rejection than possiblewith the
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Table 2
Channel counts, digitizer channelsand LVL-1 trigger bits/sums for PHENIX.

Subsystem Detector ADC TDC LVL-1

Symbol Channels Channels Channels Inputs

BB 128 128 256 128 bits

MVD 20,736 20,736

NTC 8 8 16 8 bits

DC 12,800 12,800

PC 172,800 172,800

TEC 20,480 20,480

RICH 5120 5120 5120 256 bits

TOF 1920 1920 1920 1920 bits

T0 22 22 44 22 bits

EMCal 24,768 49,536 24,768 688 bits

� TR 20,480 20,480

� ID 3,660 3,660 3,660 hits

level-1 trigger alone. Therefore a level-2 software trigger [13] that makes its
selectionafter a completeevent is assembled was developed.

Oncethe level-1trigger acceptsan event, the data from the varioussubsystems
is routed via �b er-optic cableto the data collectionmodules[13] that interact
with the subsystemsby meansof daughter cardsthat format andzero-suppress
the data. Data packets are generatedby digital signal processorsand sent to
event builders [13] that assemble the events in their �nal form. The control
and monitoring of the electronicsand triggering is handled by the On-Line
Computing System(ONCS) [14]. ONCS con�gures and initializes the on-line
system,monitors and controls the data o w and interlocks the data acquisition
processwith the slow controls systems.After the data is collected the o�-
line system[14] provides event reconstruction, data analysisand information
management. It provides the tools to convert raw data into physicsresults.

4 Conclusion

The performanceof the PHENIX detector is summarized in Table 3. It is
designedto carry out the broadestpossiblestudy of collisionsfrom Au-Au to
p-p. The goal is to examinenuclear matter under a variety of extremecondi-
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Table 3
Performanceof the PHENIX Detector.

Physics Year-2 Version

Electrons � /e < 10� 4 at p � 4.7 GeV/c

RICH for < 4.7 GeV/c

TEC (dE=dx) for < 2 GeV/c

EMCal for > 0.5 GeV/c

Photons pT � 1 GeV/c for 0.5 sr with PbGl.

pT � 1 GeV/c for 1.5 sr with PbSc.

Single  s resolved from merging � 0 !  + 

out to PT � 25 GeV/c.

Hadrons � 2.3 GeV/c � for 0.38 sr

� 1.6 GeV/c K for 0.38 sr

� 5.0 GeV/c p for 0.38 sr

TOF with � < 100 ps.

Muons � =� < 3 � 10� 3 at p � 2.3 GeV/c

with 5 layers of � ID.

Global d2N=d� d� for j� j < 2:6

tions using a variety of probessensitive to all time scales.In addition, studies
of various signals are carried out as a function of both energy and nuclear
speciesin order to separateQGP signalsfrom those of hadronic origin. An-
other goal is to measurethe spin structure of the nucleonby determining the
contributions from anti-quarks and gluons.The above goalshave resulted in
the production of a detector with unparalled capabilities. In the summer of
2000a number of Au-Au collisionswereobserved betweenAu ions with ener-
giesof 65 GeV/nucleonusing the central spectrometer. In the �rst PHENIX
physicspublication [15] results from the measurement of the charged-particle
multiplicit y are presented. Subsequently results from the �rst measurement
of energytransverseto the beam direction [16], on massdependenceof two-
pion correlations[17],on measurement of singleelectronswith implications for
charm production [18] and on the centralit y dependenceof pion, kaon, pro-
ton and antiproton production [19] have beenpublishedand studiesof results
from Au-Au collisionswith 100Gev/nucleonbeamsare underway.
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