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Abstract

The PHENIX experiment at the Relativistic Heavy lon Collider has completed
its baseline instrumentation for the start of the preserly ongoing third physics
run. In the next few years, PHENIX will focus on high-statistics measuremets in
this con guration. It is expected that the collider will reach full luminosity with
heavy ion and polarized proton beamsby the year 2006. An upgraded collider is
intended for the secondhalf of the decade,with aluminosity increaseto about 20-40
times the designvalue of 8 10%° cm 2s ! for Au+Au, and2 10%2 cm 2s ! for

olarized proton beams.The collision energiesof P Syy = 200GeV will increaseto

Syn = 500 GeV for proton beams.The PHENIX collaboration plans to upgrade
its experiment to exploit with an enhanceddetector new physics then in read.
A silicon vertex detector comprising pixel and novel microstrip sensorsin a new
vertex spectrometer is the main new sub-systemdiscussed.This paper overviews
the physics motivation and the detector conceptchosen,and explains the directions
of the beginning researt and developmert e ort.
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1 Intro duction

The PHENIX experimert [1] is the large experimert at Brookhaven National
Laboratory's Relativistic Heavy lon Collider (RHIC) that wasspeci cally de-
signedto detect probeswhich sensethe early phaseof heavy ion collisions. It
is expectedthat the formation of Quark Gluon Plasma(QGP) is most likely
to occur then. This high-energy-densi state of matter with freely moving
guarks and gluons has newer been clearly obsened but is believed to have
existedin the early universewhen hadronsformed about 10 s after the Big
Bang. Probesof interest for the study of Quantum Chromo Dynamics(QCD),
con nement of color charge in hadrons and the absenceof chiral symmetry
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in nature, are electromagneticradiation, jets of particles with high transverse
momerta, and charmonium statesfrom heavy avor decags. Another physics
programmeat RHIC with important PHENIX involvemen usescolliding po-
larized proton beams.It aims at the understanding of the complexinternal
spin and avor structure of hadrons. For polarized proton physics, especially
jet production, prompt photons and Drell-Yan lepton pairs provide informa-
tion on the parton kinematics.

2 The PHENIX Experiment

The PHENIX detectorcomprisedour spectrometersystemsA pair of \central”
spectrometerscovers mid-rapidities (j j < 0.35,2 90 degreesof azimuth).

They are optimized to detect electrons,hadronsand photons over a large mo-
mertum range,outsidean axial magnetic eld that is createdaroundthe beam
line with two setsof solenoidalcoils. Vector mesonsanbe measureddueto the
high massresolution achieved with tracking in drift chambers and pixel pad
chambers. Electrons and photons are iderti ed with ring imaging cherenlov

courters and time expansionchambers. The identi cation of hadronsis real-
ized via time-of- ight measuremenin a scirtillator wall. Energy is measured
in two types of electromagneticcalorimeters. Two muon spectrometersare
located at forward rapidities (1.2 < j j < 2.2). They consistof a hadron ab-
sorber, a muon tracker with radial magnetic elds and muonidenti er stations.
In the certer of PHENIX, a multiplicit y vertex detector measureshe charged
particle multiplicities and the position of the ewvert vertices along the beam
line. Beam-beam scirtillator courters, zero-degreecalorimetersand scirtilla-

tor multiplicit y courters allow to characterizethe collisionsand to trigger the
data collection from the PHENIX sub-systems.

3 From RHIC | to RHIC 1]

The two physicsruns performedat RHIC sinceits start-up in Fall 1999were
dominated by the commissioningand completion of the collider and the exper-
iments. Already numerousPHENIX resultswereobtained from thoseruns [2].

Now that the PHENIX baselinedetector systemsare completedfor the third

run, the collaboration is able to start to exploit the ongoing rst phase of
RHIC that focusseson the con rmation of QGP creation in heavy ion colli-

sions.A secondphaseof RHIC is anticipated to begin during the secondhalf
of this decade,with a luminosity increaseto up to 40 times the designvalue
in an upgradedcollider. It will focuson the fundamertal properties of QCD.

A key requiremen of that program will be the accesdo new obsenables,for
which upgradedPHENIX detector systemsare neededthat add new capabil-
ities to the baselineexperimert [3].

This situation shall be illustrated in Fig. 1 which shavs an example of the
presen certral spectrometers' track and vertex reconstruction capabilities
alongwith oneof the important recert PHENIX measuremets. The measure-
mert of open charm and open beauty aswell asthe total charm and bottom

production belongsto the very important measuremets of leptonic observ-



ablesin heary ion collisions. Their direct detection, never achieved so far in
thoseconditions, requiresthe identi cation of secondaryverticesof charm and
beauty mesondecys, i.e. electron or muon track reconstruction with spatial
resolution of the order of a few tens of micrometersat the collision vertex.
Though the certral detectorscan handlewell the particle multiplicit y evenin
certral Au+Au collisions,the vertex measuremenhbasedon the reconstructed
tracks and information from the multiplicit y vertex detectoris not of su cien t
resolution for this task. So far, PHENIX followed two di erent inclusive ap-
proachesto measureelectron production from non-photonicsourceslin a rst

measurementhe vast badkground was subtracted usinga Monte Carlo \co ck-
tail" simulation of all known electronsourcesIn the secondmeasuremetthe
most signi cant badkground (photon corversionfrom © Dalitz decas) was
measuredn PHENIX itself by addition of a photon cornverter of known thick-
nessto the detector material [4]. The measuredelectron spectra are in good
agreemeh with expected charm production. Future direct measuremets will

have to support the result and are required to separatethe cortributions of
charm and beauty to the electron production at higher transversemomerna.
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Fig. 1. Tracks of charged particles produced in a certral Au+Au collision at

Syn = 200 GeV, reconstructed in the certral spectrometers of PHENIX. The
charged particle density is dN.=dy 700 (left). Two indirect measuremets of elec-
tron production from non-photonic sourcesin min. bias Au+Au collisionsusing the
PHENIX certral spectrometers.The measuremets are comparedwith expectations
from semi-leptonic D mesondecays (right).

4 Upgrade of PHENIX with a Vertex Detector and Spectrometer

The main PHENIX upgrade foreseenis a new vertex spectrometer that will
be installed in the spacepresettly usedby the multiplicit y vertex detector. It
combines high precisiontracking for jet and heavy- a vor decg vertex mea-
suremen with electronidenti cation and charged particle tracking. Figure 2
shaws the spectrometerwith its three planned sub-systemsbetweenthe pole
facesof the certral magnet.

A fast and compacttime projection chamber with an integrated hadron blind
detectoris foreseerto track and idertify electronsover the full azimuth in the
certral acceptanceAn inner pair of magnetcoilsthat is already installed can
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Fig. 2. The planned Vertex Spectrometer in PHENIX.
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Fig. 3. Schematic layout of the proposed Silicon Vertex Detector, indicating the
approximate positions and dimensionsof the certral and end-capsdetector layers.

createa low- eld environmen in the vertex region. This will allow to detect
in the vertex spectrometerlow-momerum electrons(p < 200MeV) produced
in photon corversionsand Dalitz decgs, which are not reconstructedin the
certral spectrometers.

The vertex tracking will be basedon highly segmeted silicon pixel and mi-
crostrip detectors at mid-rapidity, and further silicon pixel detectorsin the
forward direction. The sthematic layout of the vertex detector in the avail-
able spaceis shown in Fig. 3. The certral silicon detectorsare plannedto be
built from an internal layer pixels and three outer layers strips. They will be
arrangedin two half-shellsand will cover approximately 1:2< < 1:2 and
almost2 in azimuth. Pixel sensortechnologyis essetial for the resolution of
the high track density in heary ion collision in the internal layer. Microstrip
sensorsan be usedin the more outward layerswherethe occupanciesare less



seere.In proton-proton collisionswith generallymuch lower occupanciesthe
pixel detectors of the internal layer help to constrain the vertex candidates
found with the microstrip sensorsThe forward silicon detectorswill consistof
four pixel conesper sidethat match the geometricalacceptancel:i2< j j < 2.7
of the muon spectrometers.

An extensiwe researth and dewelopmen e ort was initiated in the PHENIX

collaboration to identify suitable technologiesfor the vertex detector compo-
nerts and the systemintegration. This work is presertly ongoingand directions
may changeas progressis made.

Silicon microstrip detectorsfor the outer certral layers are being deweloped
basedon a novel sensordesignof the Instrumentation Division of Brookhaven
National Laboratory [5]. In a projective readout, track points can be recon-
structed in \pixels" of 80 m 1 mm size. First sensorprototypes were
recenly exposedto a test beam.Di erent readout chips are being evaluated.
The researt on pixel detectorsfollows two paths, given the short time that

remainsuntil the new vertex detector is neededin the experimert. The gen-
eral challenge we are facing is the necessi for thinnest possible detector
modules. Multiple scattering in the material degradesthe spatial resolution
of the secondaryvertex measuremeh and must be reducedas much as pos-
sible. Monolithic pixel detectorsare attractiv e for their potertially very low
thicknessof a few tens of micrometers.Recen dewelopmerts in this new eld

are followed-up and improvemerts studied to increasethe readout speed of
those structures [6]. Hybrid pixel detectorsasdeweloped at CERN during the
last decadehave already readed a high level of sophistication [7]. They are
indispensablein the tracking systemsof the next-generationexperimerts at
the LHC. Attractiv e for PHENIX are the pixel detectorsthat will be used
in the ALICE experiment [8]. The application in the ALICE inner tracking
systemis very similar to what PHENIX would need.A pixel detector module
for PHENIX could be designedbuilding on the ALICE concept.The pixel size
of 50 m 425 m would be compatible with the PHENIX requiremers.
Thin sensorsand the thinning of front-end chips in the intrinsically thicker
hybrid approad are a concernfor ALICE aswell asfor PHENIX. A technical
collaboration on the module dewelopmen betweenPHENIX institutions and
ALICE-CERN is aspired. Work has essetially started very recerly. On a
smaller scale,seweral memnbers of a few PHENIX groupsalready gain experi-
encewith thosedetectorsand participate in the NA60 experimert at CERN.
The NAGO collaboration usesALICE pixel detector componerts and is nal-

izing a vertex tracker for the measuremen of prompt di-muon and charm
production in proton and heary ion beamsat the CERN SPSJ9].

Basedon sud silicon detectors, simulations of the expected vertex detector
performanceare performed. Both the certral and the end-caplayers provide
Su cien t resolutionto measureelectronsand muonsfrom semi-leptonicdeca/s
of D or B mesons.They will provide a single-trad resolution of approximately
50 m at the vertex. With a muon pair vertex resolution of about 130 m,
comparedwith the mean deca length of 1.1 mm, tagging of J/ from B



decays can be performedin the forward direction. In the certral detector, D
mesonganalsobereconstructedvia the D! K mode, and jet taggingwill be
possibleas required in polarized proton physics. The inner magnet coils can
be operated to produce a high eld in the vertex spectrometer region. The
momenum resolution achieved with the conbined tracking of vertex detector
and time projection chamber is then comparablewith the presen certral spec-
trometer resolution, with the additional bene t of increasedangular coverage.

5 Conclusion

With the baselinedetector completed,the PHENIX experimert hasreaded
full potertial to explorethe rst phaseof physicsat RHIC. It will cortribute
to establishin detailed measuremets the signaturesof Quark Gluon Plasma
creationin heavy ion collisions,and will measurethe gluon polarization in the
nucleonwith polarized proton beams.In the next few years,increasinglumi-
nositieswill allow to focus on rare electromagneticprobesand to distinguish
spin assymmetriesof di erent particle species.In the view of an upgraded
RHIC madine that operatesat much higher collision energyand luminosity,
PHENIX preparesto enhancethe capabilities of the experimert. Among the
new detector systemsforeseen,a vertex spectrometer upgradeis in the cen-
ter of the interest. Vertex tracking is one of the important enhancemets of
PHENIX and will give accesgo exciting physics. We are designinga vertex
detector that builds on silicon pixel and microstrip detector technology The
required performancehasbeenidenti ed, and we are working erthusiastically
on the application of matching cutting-edge technologiesto achieve that goal
in the near future.
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