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STAR Conceptual Design Report 

1. Conceptual Df~ 

1.A. Scientific Motivation fo'r STAR 

Chapte.r 1 .. Conceptual Design Summary 

The Solenoidal Iracker At RHIC (STAR) will search for signatures of quark .. 
gluon plasma (QGP) forrnation and investigate the behavior of strongly interacting 
matter at high energy density. The emphasis wi.ll be the correlation of many observables 
on an event-by-everzt basis. In the absence of definitive signatures for the QGP, it is 
imperative that such correlations be used to identify special events and possl'ble 
signatures. This requires a flexible detection system that can sinlllltaneously measure 
many experimental observables. 

The STAR experiment will utilize two aspects of hadron production that are 
fundamentally new at RHIC: correlations between global obsen)ables on an e1Jent-by-et'ent 
basis and the use of hard scattering of partons as a probe of the properties of high density 
nuclear matter. The event-by .. event measurement of global observables - such as 
tf!mperature, flavol' COlTlposition, collision geometry, reaction dynamics, and energy or 
entropy density fluctuations - is possible because of the very high charged particle 
densities, dnch/ d" == 700 expe(~ted in nucleus-nucleus collisions at RHIC. Event-by
event fluctuations are expected in the vicinity of a phase transition, so this experiment 
will be sensitive to threshold behavior of the experimental observables as a fWlction of 
energy density. Full azirnuthal coverage with particle identification and continuous 
tracking is required to perform these measurements at Inomenta where the particle 
yields are maxim.a!. Measurable jet yields at RIDe will allow investigations of hard 
QeD processes via tracking combined with segmented electromagnetic calorimetry and 
high Pt single particle measurernents. Measurements of the hadronic cascades of hard
scattered partons will be used as a penetrating probe of the QGP, and will provide 
important new infonnation on the nucleon structure function and parton shadowing in 
nuclei. The scientific program of the STAR Collaboration v~ill require measurements of 
inclusive and event-by-event observables for 1) proton-proton, 2) proton-nude us and 3) 
nucleus-nu.cleus interactions. These observables will be studied as a function of impact 
parameter and incident energy, in order to understand reactions at RHIC and to detect 
and conclusively identify the signatures of QGP formation. 

l.B. Detector Concept 

The physics goals dictate the design of this experirnent. To meet the design 
criteria, tracking, rnOlnentum analysis, and particle identification of most of the charged 
particles at midrapidity are necessary. The tracking rnust operate in conditions at higher 
than the expected maximum charged particle multiplicities (nch = 3000 in the range 
1111 < 1 at midrapidity within the acceptance of the experiment) for central Au + Au 
collisions. Particle identification of pions/kaons for p < 0.7 GeV /e and kaons/protons 
for p < 1 GeV Ie, as \vell as measuremeat of decay particles and reconstruction of 
secondary vertices will be possible. A two-track resolution of 2 cm at 2 m radial distance 
front the interaction is expected. Momentum resolution of Ap/p == 0.02 at p = 0.1 GeV / c 
is required to accomplish the physics, and Ap/p of several percent at p = 10 GeV /e is 
sufficient to accurately measure the rapidly falling spectra at high Pt and particles from 
Inini-jets and jets. The lTIOmentum resolu tion at low Pt is limited by multiple scattering. 

1-1 
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STAR Conceptual Design Report Chapter 1- Conceptual Design Sumn'lary 

To minim.ize multiple scattering and photon conversion after nO decay, which also 
creates non-primary vertex tracks, detector material will be kept to a minimum 
throughout the tracking system. .1 

'Thle configuration of the STAR experiment is shown in Fig. 1.1. Momentum 
nleasurenlents will be made at midrapidity over a large pseudo-rapidity range (1111 < 
2) with flaIl azimuthal coverage (~(P :: 27t). Particle identification will be performed 
within I T\ I < 1. The detection system will consist of a time projection chamber (TPC) 
and a silicon vertex tracker (SVT) inside a solenoidal magnet to enable tracking, • I 

momentum analysis, particle identification via dEl dx and location of primary and 
secondary vertices. Detectors will be installed to provide a collision geon\etry trigger. 
These include a central trigger scintillator barrel around the TPC, vertex position 
detector~1 near the beamline just outside the magnet, and calorimeters located in the 
region of the beam insertion lnagnets to selectively veto events according to the nurrtber • I 

of spectiHors. An electromagnetic calorimetel', for which outside funding is being 
sought, lNill be located outside the magnet and used to trigger on transverse energy and 
measure jet cross sections. The major physics goals of STAR can be accomplished with 
this configuration of detectors. A time-of .. flight system surrounding the TI'C for particle 
identifi(:ation at higher momenta and external time projection chanlbers outside the • I 

magnet to extend the 11 coverage are anticipated as upgrades. A summary of the 
detector systems is presented in Table 1-1. 

l.C. Cost and Schedule 

The STAR detector system will contain the TPC, svr, EMC, TOF, external TPC, 
solenoid magnet, electronics, data acquisition, and trigger as rna,ior systen'ls. The cost of 
the detector has been developed in four iterations, over a 6~month period, each subject 
to .review. The estimates made in FY92 dollars include materials, labor, EDIA and 
contingency, and are based on a. variety of inputs including vendor quotes, estimates 
froIn comparable systems, and engineering estimates. The TPC, solenoid nlagnet, 
electronics, data acquisition, trigger system, controls, on-line computing, detector 
conventional systelns, detector testing, detector installation., systems integration and 
project nlanagement will be funded primarily by the RHIC construction project. 
Funding for the TOF, EMC, and external TPC systems will be sought from other 
sources. The SVT-whlch is especially important to the initial physics program-will 
be supported through the prototype phase by RHIC R&D funds and constructed 
thereafter using other resources. 

The cost estimates for the portion of the detector to be funded from RHIC 
construction funds includes a detailed contingency analysis leading to an average 
contingency of 30%

• Since the RHIC managenlent will maintain $2M in reserves for the 
two large RHIC detectors, it has been agreed that the STAR contingency .for the RHIC
fWlded part of the detector be reduced to 25%

• 

The estimated cost of the TPC, solenoid magnet, electronics, data acquisition, 
trigger system, controls, on-line computing, detector conventional systems, detector 
testing, detector installation, systems integration and project managenlent and an 
overall contingency of 25%

, is $35.9M in FY92 dollars. 
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STAR Conceptual Design Report Chapter 1 - Conceptual Design Summary 

The STAR collaboration is investigating a warm ... coil option for the sol.~noid 
lnagnet. Preliminary cost estimates of the option (without the itel·ations and reviews 
that characterize the superconducting .. coil option) indicate that the warm-coil option 
could reduce the cost of the magnet by $2.1M in FY92 dollars provided that necessary 
facility futility upgrades required by the warm-coil option are supplied by RHIC/BNL. 
More refined estimates, and a decision between coil options will be completed in the 
near future. 

The STAR collaboration has also evaluated the level of resources available within 
the collaboration. to offset costs associated with the RHIC .. funded portion of the detector 
and found it to be approxinlately $2.5M. Therefore, assuming that the cost savings of 
the normal-<oil option are confirmed with additional estimates and vendor quotes, the 
amount of capital funding required from the RHIC construction project for the TPC, 
solenoid magnet, electronics, data acquisition, trigger system, controls, on-line 
computing, detector conventional systems, detector testing, detector installation, 
systems integration and project .management is $31.3M in FY92 dollars. In addition, an 
R&D budget of approximately $4.0M in the years FY93-95 is necessary and is expected 
to be provided by the RI-nC project. 

The individual detector sub-systems will be designed, fabricated and tested at 
individual institutions prior to shipping to BNL for installation at RHIC. The schedule 
for STAR requires an occupancy date of January 1, 1995 fol' the Wide Angle Hall, into 
which the STAR detector system will be installed. An assembly and testing period at 
RHlC of approximately 2 years is expected prior to installation in the interaction region. 
With this schedule STAR will be operational at RHIC turn-on. 
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Figure 1.1 Perspective view of the STAR experimental configuration. 
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Table 1~1 Overview of STAR detector systems. 

Solenoidal Magnet 
Coil Radius 2.32m • 
Len~th 6.9m -
Field Strength 0.25 - 0.5 T 

Time Proi ection Chamber (TPC) 

Inner Radius O.Sm 

• Outer Radius 2.0m 
Length 4.2m 

# of Channels 140,000 
Acceptance I'l'- ~ 2.0 

Silicon Vertex Tracker (svn . ,,. 

Type Si Drift Cham hers . 
Radius 1st layer Scm • 
Radi us 2nd layer Scm 
Radius 3rd layer 11 em 
Length 42 em 

# of C~annels - 72,000 
Accept,mce -1st, 2nd, 3rd layers 1111 52.1 1.7, 1.4 • 

Trhuter Detectors 

Vertex Position Detectors 
Segmen'tation 50 elements --Acceetance - 3.3 ~"TJ11~.8 

• ~~!!2ca2s ~MWPCl 
Se~mentation 2000 
Acceptance 1.0 ~ 1111 S; 2.0 

Veto Calorimeters 

Segmentation to be determined 
Acceptance lTd >5 -Central Trigger Barrel(Sdntillatort • 
Segmentation 200 
Acceptance 11\ lSI 

EM Calorimeter 

Inner Radi us 2.53m _.-
• Thickn~ - - ~25m,l21X~ 

Segmentation .. -- All, A+ = 0.105, 0.105 
# of Channels 1200 
Acceptance htl sl.05 

Time-.2!.Flight U"p'srade -
Type -,- shingle slats 

Radius 2.0Sm • 
# of Channels 7776 c_ -- lni S1.0 Acceptance 

External TPC Upgrade 

Dimensions of ~h !LxWxD~ 2.2 x 2.0 x 1.0 m ~ 

• Distance of Front Face 7.0m 
Total # of Channels 22,000 
Acceptance 2.0s-r;r S; 4.5 
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Zr....Qyervjew ofElP~e.nl 

2.,A •. Design Criteria of Experiment 

The physics goals, of STAR require' a large acceptance device having the 
capability of measuring simultaneously many different observable'S, representing both 
soft and hard physics. The design criteria to, measure both soft (O~04 GeV /e < Pt < 1.S 
GeV /e) and hard physics (single particles with Pt> 1.5 GeV Ie and j~ts) observables are 
given belol": . 

Sof.t Physics (0.04 GeV/c < Pt < I.S GeV/c) 

• Detection of as ma.ny thal'sed parHclesf.\s possible with high efficiency, to 
provide high statistics for event-by .. event observables and fluctuation stud.ies 

• 21t conti.nuous azinluthal coverage for reliable event characterization 
• High tracking effi':iietv~y as ciosf't to the verte'~ as possible, to contain the size 

and coet of the experiment 
.' Adequat~ track length for tracki.ng, momenturn meaSUl'ement and particle 

idelltificatio~ for a majority of the particle~:, 
• l-Iigh kaon detection effh:iency for event~by .. event observables and for 

inclusive measurement of the ¢r-meson 
• Momentum resolution ~p/p S 0.02 for Pt < 1.5 GeV Ie 
~ Two-track resolution providing a momentum difference re·solution of a few 

MeV Ie for HBT correlation studies 
• Accurate determination of the primary vertex for high momentum resnlution 

and to be able to identify particles frOITl the primary interaction 
• A,ccurate deternlin!tion of secondary vertices for detecting strange pr,t]:ticle 

decays such as A, At KOSl a±, a-. 
Hard Physics (Pt > 1.5 GeV/c aI~d jets) 

• Large uniform acceptance to maxil1'uze rates and minimize edge effects lin jet 
reconstruction 

• Accurate detel'n1ination of the prim.ary vertex in order to achieve a. 
mOlnentu.m resolution l\p/p < 0.05 fOor Pt = 10 GeV lefor high Pt pa:lrticle 
spectra and jets 

• Electromagnetic calorhnetry combined wiith tracking and good morne:n.tum 
resolution up to Pt = 10 GeV Ie to nleasure a,nd trigger on high Et jets 

• 21t az.imuthal coverage of electromalgnetic calorinletry for fi!Vent 
c.hara cteriza ti.on 

• Linear response of electron1agnetic c(~lorimetry for accurate energy 
n1easurements 

• Segmentation of electromagnetic calorimetE~rs which is an order of magndtude 
finer than the typical jet size, i.e. jet radius r' := v( dT}2 + d$2 ) .... 1 

The experiment will consist of tracking, particle identification and 
electromagnetic caloriI'netry covering a large acceptance (11) I < 1', Aq, = 2n) at 
midrapidity. In addition, vadous triggering detectors will be in.stalled to miake it 
possible to trigger initially on collision geometry and subsequently on nlore 
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sophisticated event characteristics and topologies. The tracking system will extend. to 
1111 < 2. It wi.ll consist of a silicon vertex tracker (SVT), which can precisely locate 
primary and secondary vertices, and a time projection cha.mber (TPC) inside a • I 

solenoidal magnet for continuous tracking, optimu'ln Dl0mentum resolution and particle 
identification. FJectromagnetic calorimetry will be used to measu.re ana trigger on jets 
and the tran~verse energy of events. 

A side view of a quadrant of the ~xperiment is presented in Fig. 2-1. The trigger 
detectors will consist of a combination of the following systems. Beam position • I 

detectors will be installedupstreanl and downstream of the solenoid to trigger on 
interactions and to locate the interaction vert~x within ± 6 cnl in first level triggering. A 
central trigger scintillator barrel will surround the TPC for triggering on the charged 
particle multiplicity in the central region of 1111 < 1 and thus the centrality of events. 
The TPC cnr:lcaps will be readout for rapi.d triggering on charged particle multiplicity • I 

for 1< 1111 <2. Calorimeters \lvill be installed between the insertion magnets near the 
beam to veto on the number of leading particles. A sununary of the detector systems 
can be found in Table 1-1. A list of the expected materials, thicknesses, and radiation 
and interaction lengths appear i.n. Appendix 4. An overview of each major detector 
subsystenl will be presented i.n the remainder of this chapter. Details of the conceptual • I 

design of each subsystem of STAR can be found in Chapter 4. 

The physics goals of this experiment require a systematic program utilizing a 
range of projectiles (from protons to Au), available beam energies, and impact 
param.eters. Initially a survey of the soft processes will be undertaken with a variety of 
collision geometry triggers ranging from miniIn·l;.t<n bias to highly central. The • 
dev~lopment of more refined triggers will be an important part of the ongoing ST A "'{ 
experin1ental program. It is expected that longer data acquisition periods will be 
necessary for studies of rare events and jet production. 

2.B. Magnetic Field • 
r 

The magnet will be a solenoid with unifor,m Inagnetic field along the beam 
direction. It will be designed to be able to provide uniform fi~lds with strengths of Oh25 
T to 0.5 T. An iron return yoke and shaped pole pieces will transmit the magnetic flux 
and shape the magnetic field. The magnet design is chosen for high tracking accuracy 
and a.zimuthal symlnetry. Srnall correction coils will be used to further improve the • 
field uniformity. A field strength of 0.5 Tesla will provide adequate resolution for 
momenta as high as 10 GeV Ie with only modest spiraling of low Pt particles. The 
l'nagnetic coil mean radius will be 2.32 In and the. radius of the yoke will be 2.87 In. ponte 
total ITlagnet length will be 6.9 In. A superconducting coil is presently envisioned and 
will be presented in this document. ,A rOOln temperature Al coil design is being • 
investigated in an atten1pt to reduce construction costs. A brief summary of the magnet 
parameters is presented in Table 2-1. 
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MAGNET RETURN IRON 
EM CALORIMETER (EMC) W/SHOWER .. MAX 

MAGNET CRYOSTAT (SOL) 
C~NTRAL TRIGGER BARREL/TOF 

TIUE PR~JF.eTION CHAMBER (1PO) 

SILICO) YERTEX CHAMBER (SVT) 

~~~~~~~'~-----383'~------

2000 t 

~,_lti~~:::-=-...... c======Jb====f==============-~:=~:::~ ,~ 
11-... -----2 1 0 o----~ 

Figure 2-1 Side view of a quadrant of the STAR experiment ufith dimensions and pseudortzpidity 
lines overlaid . 
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Table 2-1 Magnet properties. 

Solenoid field strength 0.25 - 0.5 T 
Length 6.9m 
SU2:r~onductin~ coil 

Radius 2.32m 
TIuckness <0.7 Xo 

Yoke 
~~ 

Radius 2.B7m -,- - _ ____.1 

Thickness 38.5 em Fe 
Weight 490 tons 

Pole tips -Max. thickness 38.5cmFe 

Weight of.!.~~ 25 tons 
Total weight of Fe 540 tons 

2~C" Time Projection Chamber (TPC) 

The TPC will be divided into two longitudinal drift regions, each 2.1 m long, as 
shown in Fig. 2-2. Electrons created from track ionization will drift in. the longitudinal 
direction, along the TPC electric field lines, to the end-caps of the TPe. Each end-cap i.s 
instrumented with 70,000 pads. Two pad sizes wiU be used, one for the inner sectors (50 
cm < radius < 125 em) and one for the outer sectors (12.5 em S radius < 200 em) as 
described in Table 2 .. 2. Each pad will be readout into 512 time samples. Neglecting 
energy loss, singly .. ·chaA'ged particles with Pt < 40 Me V I c spiral inside the TPC bmer 
radius of 50 em and do not reach the active volume of the 1"PC. Particles \\rith 40 MeV Ic 
< Pt < 150 MeV Ie spiral inside the TPC volume with most exiting the end--caps. Particles 
with Pt > 150 MeV Ie traverse the 'fPC and exit the outer edge at radius 200 c,m. The TPC 
geometrical acceptance for particles reaching the outer radius is 1111 < 1 and that for 
particles reaching the iImer radius ( i.e. multiplicity with partial dEl dx and tracking) is 
111 I < 2.0. A summary of the TPC design can be found in Table 2-2. 

The pad plane configura tlon is designed to maximize the ,recorded track length 
for good momentum resolution, minimize the required number of electronics and 
provide sufficient dE/dx sampling ;:llong the tI'ack to achleve particle identification in 
the 1 / ~2 region. The inner radius pad plane sectors are composed of small pads 
arranged in separated rows. These small pads improve the two track resoluf ion 
permitting position n1easurements along the track in the high track density 'CetiOll 
closer to the interaction. These position rneasurements at the inner radius region are 
important for extending the measured track and to improve momentum resolution and 
for accurate projection to the SVT. The outer radius pad sect.ors are designed with larger 
pads to achieve continuous salnpling along the track for dEl dx. The gas u.sed inside the 
TPC is expected to be Ar + 10% CH4. 
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Figu.re 2-2 Perspective viw of tile SY AR Time Projection. Cha1nber. 

The 40 ~ec drift time of the TPC limits the interaction rate for each colliding 
nuclear system below a value where event pileup starts to degrade the detector 
performance. Discrimination between hVO primary interaction.s originating from a 
single crossing of the circulating beams is dependent upon the vertex resolution of the 
tracking detectors. At a luminosity an order of magnitude higher than the design 
luminosity (.'eo = 2 x 1026 cm,,·2 s-l) for Au + Au interactions at RHIC, events will start to 
overlap during the drift time of the TPC. l-lowever, only in the case when tw'o central 
Au + Au events occur in the same beam crossing at a distance closer than the detector 
capability to resolve primary vertices, does this become a problem. When the TI'C 
vertex resolution is used the probability is 1.6 x 10 .. 8 for the overlap of two central 
collisions and 1.6 x 10-6 for contamination of a central collision by any other interaction. 
When the svr vertex resolution is u.sed these probabilities are 1.6 x 10-9 and 1.6 x 10 .. 7, 
respectively. For pp collisions at design luminosity (!f 0 = 1.4 x 1()31 cm .. 2 s-1), the 
equivalent probability for two high multiplicity pp interactions (5% erR) to occur in the 
same beam crossing with unresolvable individual vertices is 2.8 x 10-5 using only the 
TPC and 2.8 x 10-6 using the SVT. Therefore, the TPC is capable of measuring at the 
interaction rates expected at RHIC. 

The effects of positive ion space charge in the TPC have been studied in detail. A 
gated grid will be used to reduce the positive ion feedback from the avalanche region 
near the sense wires. Tests have been performed and the results show that the electron 
suppression in a 1.3 T magnetic field is < '1 part in 7()OO. In addition, num.erical 
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Table 2-2 Time Pr(~je':tion Chamber. 

Drift Volume Coaxial Cylinder .. 
Inner Radius O.Sm 
Ou te.r Radius 2.0 In 
Len.gth 4.2m 

-=-I 

PID acceetance_ - I" I < 1 
Tracking acceptance 1111 < 2 
Drift C;as Ar + 10% CH4 
Pressure Atmospher~~ ----.. . n_ .. 

Salnpling Rate 12.3 MHz 
Time Sarnples 512 - --- - --#of pad rows 50 -- -Pad Sectors Two types 
Type, Number of rows Inner, 18 
Pad Size 2.85 mm x 11.5 rnm 
Type, Number of rows Outer, 32 
Pad Size 6.2 mm x 19.5 mm ... - 1_ ___ I." - ---Total number of pads 140,000 ... - .. - "--.-.-1_ --Total # pixels -- . 77,000,000 

Dynamic ran_ge for dE / dx 10 bits -
Position resolution (Et > 1 GeV Ic) !~ ~m ... !E: .. ~ ~nd 700 J.lU1. in z 
Drift tim,e 40 J..ls - - 'lJ-.-.. -

ele -:trostatic calculations have been performed1 t:o determine the effect of the primary 
ionization of the expected large multiplicity of charged particles in central collisions at 
TillIe. The accumulation of positive ion charge in the STAR TPC is found to have a 
small effect on the TPC space points for Au beam IUlninosities up to 20 times the design 
luminosity (.2'0 == 2 x 1026 cm-2sec·1). 

Tracking performance in the STAR TPC has been simulated using 
-VSnn := 200 GeV Au + Au central events, generated using the FRITIOF code and 
processed by the GEANT detector sirnulation program. The pattern recognition 
program for the STAR TPC is based on the ALEPH code.2 On average 93% of the tracks 
within the range 1111 <: 1 and \Alith momenta above 150 MeV Ie that are generated for 
central Au. + Au events are successfully reconstructed. The Ap/p of the reconstructed 
tracks is found to be 1.4% in good agreemen.t with an evaluation based on the track 
length and momentum distribution in an argon gas-filled TPC.3 

---------
1 STAR Update to the RHIC Letter of Intent (1991). 
2 W.B. Atwood, et aL. Perforrnance of the Aleph Time Projection Charnber - submitted to Nuclear 
Instruments and Methods A. 
3 R.K. Bock et a1., Fornlula and Methods in Experin\ental Data Evaluation, European Physical Society, 
Geneva, CERN (1984). 
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The STAR Collaboration has extensive experience in the design, construction and 
operation of TPCs in high energy particle and heavy ion experiments. PEP4 'Nas the first 
TPC. The CERN NA36 TPC, with its wire-readout, was the first TPC used in heavy ion 
experiments. The CERN NA35 TPC, installed in 1990, \vas the first TPC with pad 
readout used in heavy ion experiments. The BNL E810 TPC and the LBL EOS TPC are 
presently in operation at the AGS and the Bevalac, respectively. Various members of the 
STAR Collaboration have played major roles in the ·development and operation of these 
TPCs. 

2.0. Silicon Vertex Tracker (svn 
The silicon vertex tracker (SVT) coupled with the TI?C wHllocate the position of 

the primary interaction vertex to high accuracy, iInprove the momentum and dEl dx 
resolutions, and locate secondary vertices to an acc . .lracy better than 100 J.1,m. It also 
provides a powerful tool to extend the acceptance of the TPC to low momenta. The 
lower TPC limit for fully efficient track reconstruction is 150 MeV/c. Therefore a 
considerable part of the event will be measured by inclusion of tracking in the SV1" 
alone. Thus, the SVT must be able to provide three dimensional space points and 
tracking vectors with high spatial resolution, so that the tracks measured in the TPC can 
be linked to those in the SVT. The SVT must be of low mass ~o as to minimize secondary 
particle production, photon conversion and rnultiple scattering. 

The SVT will consist of 162 silicon drift detectors (SDO). Individual detectors are 
grouped into ladders. Each ladder consists of 6 SODs. The ladders are arranged in three 
concentric barrels around the interaction at radii of 5, 8 and 11 cm as shown in Fig. 2-3. 
The SVT contains approximately 72K channels of electronics. Each barrel is 42 em in 
length. The range of acceptances for the barrels are listed in Table 1-1. Each SOD is 7 cm 
in length, 5.7 crrl in width and is made froITt a 4-inch diameter wafer. The thickness of a 
wafer is 300 microns which is a good compromise between. signal strength (24K 
electrons are created by minimum ionizing particle) and acceptable values of Inu.ltiple 
scattering and secondary particle production for particles traversing the detector. A 
brief summary of the svr parameters can be found in Table 2-3. 

2.E. Electromagnetic Calorimeter (EMC) 

The purpose of the EMC is to measure and tr~gger on the total (Et) and local 
(d2Etl dlld<t» transverse energy deposition in pp, pA, and AA collisions. For soft nuclear 
processes, analysis of the transverse energy at mid-rapidity leads directly to estimates of 
the temperature and energy density characterizing the reaction. It is also possible to use 
the EMC to trigger on jets, high energy direct photons, and high Pt particles. In nucleus
nucleus collisions this provides a unique opportunity to study the interactions of hard 
scattered partons in the hot nuclear medium and thus infer its properties. In polarized 
pp collisions the information provided by the EMC can be used to study the spin 
structure of the proton, as well as single spin transverse asymmetries . 
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Silicon Vertex Tracker (SVT) 

Figure 2-3 Layout of the Silicon Vertex Ttacker. 

The barrel EM calorimeter is a lead-scintillator sarnpling calorimeter. It is located 
outside the superconducting solenoid coil and insidt- the iron flux return. It covers 111/ 
~ 1.05 and 21t in azimuth. At 11 - 0, the amount of material in front of the EMC is - 1 Xo. 
The inner radius is 2.53 meters and the length is 6.87 meters. It consists of 60 wedge 
segments of 6 degrees in cf> and is subdivided into 40 pseudo-projective towers over the 
11 range. Each tower has 21 layers of lead and scintillator. There are therefore 50400 
pieces of scintillator of 420 different shapes. Each scintillator tile will be read out with 
two wavelength shifting optical fibers. In the phase I implenlentation, to reduce the 
cost, all the fibers from pairs of towers adjacent in Tl will couple to one PMT. There will 
be 1200 PMTs and the effective tower size will initially be 0.l05 x 0.105 (~T), ~~), similar 
to Inany existing calorimeters used in studies of jets and direct photons in high energy 
physics. The physical construction permits various kinds of upgrades as increased 
funds become available for more PMT channels. This includes a two-.fold increase in 11 
segnlentation, and flexible depth segmentation to optimize the separation of hadronic 
and electromagnetic energy components. The phase I calorimeter will also include a 
detector with higher granularity at ..... 5Xo to increase the two photon resolution of the 
EMC and thus, the ability of the detector to separate high energy direct photons from 
those coming fronl 1t 0 decays. This 'shower max' detector will consist of scintillator 
strips app.roximately 1 em in <p by 36 cm in 11, with each strip read out by a wavelength 
shifting fiber. The longitudinal dim,ension of the strips corresponds to the physical size 
of two 11 towers in the EMC barrel. The EM energy resolution is expected to be 
approximately O.20/~E. A brief sumnlary of the EMC paralTleters is presented in Table 
2-4. 
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Table 2-3 Silicon Vertex Tracker . . 
• Length 42 em 

Inner Barrel (radial distance) Scm 
Middle Barr ~l (radial distance) Bcm 
Outer Barrel (radial distance) 11 cnl 

Thickness of detectors (SDD) 300~m • Total thickness 900 J.Ull - 0.9% Xo 
N unlber of detectors 162 

Inner Barrel 36 
Middle Barrel 54 

• Outer Barrel 72 
Diameter of Si wafer 10.00 cm 

Len.Kth of detector (SDD) 7.05 em 
Width of detector (SDD) 5.68 cm 
Drift length of detector 3.50 em 

-. • Average drift tune -3.5 ~s 
Time sarrtples 256 -Samp!!:,g Rate 40 MHz --

• Anode pitch 250 jlm 
Nurnber of channels 72576 
Position resolution 25 J.Ull -

• Table 2-4 Electromagnetic Calorimeter P~?rameters . 

~!!el Calorimeter t~e 21 Xo lead-scintillator 'EM' section ----
Segmentation: 60 azimuthal sectors, L.\q,= 0.105 (6°) 

40 projective towers in I 111 < 1.05, 

• L.\n = 0.0525 
Inner radius: 2.53m - -- . 
~ength: 6.87 ITt 

...... _Ir-. -
Weight: 150 tons . 

• Readout: Waveshifting fiber (2/tile) to !..~ 
PMTs: 1200 

Show'er Max detector: ~intillator strips pa~lel to 11 
• .,.1 

Readout: Waveshifting fiber 
I 

• 
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2.F. Triggering and Trigger Detectors~ 

The STAR trigger is designed to cover the dynamic range from pp to central • 
AuAu collisions in an architecture that allows continuous upgradability, as more 
becomes known about the RHIC environment. It is important to notp that a triggerable 
signature of quark-gluon plasma events has not been identified. Thus the trigger must 
alJow exploration of various paths in the search for these signatures and be flexible 
enough to implement continuous upgrades as aUf understanding grows. The trigger is • 
designed with redundancy in mind to allow for application of independent selective 
criteria which will help to understand and eliminate trigger biases. At the beginning 
STAR will operate with high dead time until sufficient information is obtained to be able 
to increase safely the selectivity of the trigger an;) thus increase the overalllivetime. The 
trigger goals are summarized in Table 2-5 below. • 

Table 2-5 STAR Trigger System Goals 

Detect AuAu iI.:tteractions with >95% efficienc~ --Detect pp interactions wi th ~O(yo efficiency 
Locate AllAu vertex to within +/-6cm within <200ns 
Detect multi pIe events occurring within 40J,ls w /90% efficiency 

Selec!. highest 2.5% of multiplicity ()~t distribution in <200ns 

~~ct high transverse electromagnetic energ~ . -
Select based on g_eometr~ of hit.Eatt~ns 
Allow simple integration of upgrades to trigger system 

Interaction rates are expected to be 1 kHz for AuAu and 1 MHz for pp, while the 
event recording rat(~ is expected to be 1. Hz and 30 Hz respectively. The trigger system 
will be used to select events from the available sample according to prioritized selection 
criteria. A higher priority event can supersede a lower priority event during the TPC 
readout! digitization but not during the drift time .. window. A trigger processor will be 
constructed to keep track of the rates of each trigger type so that normalized cross 
sections can be measured. 

There are three natural time scales for STAR which provide scales for the trigger 
decision time: the crossing time of 110 ns, the maximum drift time in the TPC of 40 Ils, 
and the readout/digitization time for the TPC of 10ms. A first level trigger based on 
vertex location and centrality will be formed within the 110 ns crossing time. This will 
be distributed and available to other STAR electronics within 200ns of the occurrence of 
the interaction. A second level trigger based on the geolnetry of hits in the trigger 
detectors will be formed in standard computer controlled electronics and available to 
the STAR electronics within 40J..ls. Each detector system is expected to include 
appropriate electronics to perform keep/flush decisions at this point. Finally, third level 
triggers based on software decisions that include tracking information are expected to 
be available within lOms. The keep/flush option can be implemented in software at this 
point. 
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The STAR Phase 1 trigger system will consist of the set of detectors described in 
Table 2--6 below. All detectors cover the full azimuth. 

Table 2-6 STAR Trigger System Detectors. 

DETECfOR 1111 # channels 

Central Trigger Barrel (CTB) 0-1 200 
TPC Endcap MWPC 1 .. 2 2000 
Vertex Position Detectors (V PO) 3.3 - 3.8 50 
Veto Calorimeter (Ve) >5 2 
EM Calorimeter (EMC) 0-1 1200 

2.G. Data Acquisition (DAQ) 

The DAQ subsystem will provide two major functions in STAR. First, it will act 
as an event builder, by assembling data originating from each detector subsystem into a 
form suitable for recording and distribution via a network to analysis and monitoring 
tasks. Second, it will provide for higher level triggering on a time scale short com pared 
with the time required for ~vent building and third-level triggers. Rates >50 events/sec 
will enter the trigger processors. The data 'recording rate is limited by available taping 
speed at reasonable cost. 

The DAQ subsystem has been engineered based on an architecture which uses 
the newest transputer family members, the T9000 RISC processor and the CI04 packet 
router. This technology has been chosen for two reasons: First, the total cost/MIPS 
(inclu_ding all necessary ancillary components, interfaces, etc.) is much lower than for 
any other processor family. Second, the overhead in hardware and in software to 
network large numbers of processors together is virtually non-existent. Both issues are 
important in the STAR application. An alternate technology is that of the Fiber Channel. 
This technology would provide the transport from the readout boards on the detector to 
an event builder which would be constructed from Fiber Channel components. 

The event size for central Au + Au collisions is expected to be 96 MB. After 
reduction by the average occupancy factor expected for the TPC (10%) and inclusion of 
a 20% overhead for encoding this becomes approximately 12 MB per event. Events of 
this size will be recorded to magnetic tape at a rate of 1 event/second. Though p-p 
collisions have substantially lower multiplicity than Au-Au collisions, their event 
recording rate is limited by the occupancy in the TPC due to overlapping events at high 
luminosity. Recording rates for p-p collisions are 30 events/second at "5=200 GeV and 
10 events/second at vs=500 GeV. 

Additional compression through online analysis of the data can reduce the event 
size and increase the overall event rate. It is possible that with some developments in 
online data reduction and compression through track-finding and fitting the event 
recording rate could be increased, possibly as much as tenfold. 
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2.H. Time-of-Flight (TO F) Detector .. Upgra({e 

The purpose of the time-of-flight detector is to extend the particle identification 
capabilities of the STA.R detector to high transverse momenta and to provide a flexible 
trigger enabling event selection based on inclusive or rapidity-dependent charged 
particle distributions. The outer surface of the TPC will be covered with 7776 scintillator 
shingles each of which is read out by one photomultiplier tube. Since the individual 
detectors are in the magnetic field of the solenoid, special proximity mesh dynode 
phototubes have to be used. With a timing resolution of 100 ps over 2 nl path length the 
1C /K and K/ p separation will be ext~nGed from ~ .65 to 1.1 Ge V / c and 1.3 to 2.4 Ge V I c, 
respectively. Inclusive transverse spectra of identified particles can be measured with as 
little as -5% coverage in azimuth. Therefore staging of the detector installation is 
antici pa ted. 

2.1. External TPCs -Upgrade 

The purpose of the XTPC is to extend the pseudo-rapidity coverage from" = 2 to 
as close to the beam as possible. Conventional uniform drift TPC's can extend this 
coverage to T\ == 4, while the radial TPC under development might extend this to as 

I II I .Ii 

~I 

.1 

much as 11 = 5.5. The conventional TPC has four quadrants outside each end of the • I 

central detector starting at 7 meters and extending one meter with B pad rows. This 
results in 22,000 electronic channels. The conventional TPC extends the charged particle 
coverage of the central TPC by 40 0/0. This additional coverage allows identification of 
events that have regions of anomalously high particle density which may be associated 
with quark-gluon plasma bubble production. • I 
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3-L.PhJSics of STAR 

The physics goals of the experiment can be divided into two categories: A) the 
study of soft physics processes, i.e. hadron production at transverse momenta below 1-2 
GeV Ie, and B) the study of hard QeD processes, i.e. jet, mini-jet and hard photon 
production. 

3.A. Particle Production 
I 

The e~riment aims to momentum analyze and identify charged particles (w, 
r, K+, K-, P.L p, d, d) directly, as well as various neutTal and charged strange particles 
(KOs, q" A, A, g-, n-) via charged-particle decay modes. A unique feature of this 
experiment will be its ability to study observables on an event-by-event basis in addition 
to inclusive measurements. The event .. by-event and inclusive measurements that can be 
made and the physics observables that are studied by these measurements are 
described below. 

3~A.l. Particle Spectra 

As a consequence of the high multiplicities expected in central nucleus .. nucleus 
collisions, the slope of the transverse momentum (pu distribution for pions and the <Pt> 
for pions and kaons can be determined event-by~event. Therefore, individual events can 
be characterized by "temperature" and events with extremely high temperature, 
predicted 1 to result from deflagration of a QGP, can be identified. Displayed in Fig. 3-1 
are two spectra generated by the Monte Carlo method from Maxwell-Boltzmann 
distributions with T = 150 and 250 .Me V, each containing 1000 pions. This is the average 
number of charged pions expected in the acceptance I" I < 1 of this experiment for 
central A.u + Au collisions. The slopes of spectra with T = 150 and 250 MeV derived 
from fits using a Maxwell-Boltzmann distribution, also shown in Fig. 3-1, can easily be 
discriminated at the single event level. Fig. 3-2a shows the standard deviation in 
measuring <Pt> as a function of the charged particle multiplicity measured in a single 
event. The curves are derived from distributions generated with temperatures of 150 
and 250 MeV and are labeled by their corresponding <Pt> values. From Fig. 3-2a it can 
be seen that the determination of <Pt> for pions can be made very accurately on the 
single event basis in this experiment, over the expected range of multiplicities in central 
collisions from Ca + Ca to Au + Au. Even for kaons, with -150 charged kaons per event 
in the acceptance for central Au + Au events, <Pt> can be determined accurately for 
single events. 

Inclusive pt distributions of charged particles will be .measured with high 
statistics and effects such as collective radial flow2 and critical temperature3 at low Pt, 

1 E.V. Shuryak and O.V. Zhirov, Phys. Lett. B89 (1980) 253; E.V. Shuryak and D.V. Zhirov, Phys. Lett . 
B171 (1986) 99. 
2 P.V. Ruuskanen, Z. Phys. C38 (1988) 219. 
3 L. Van Hove, Phys. Lett. 118B (1982) 138; K. Redlich and H. Satz, Phys. Rev. D33 (1986) 3747. 
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Figure 3-1 Sintulation of the Pt spectrum lor one event generaJed using a Boll;zmann 
distribution of 1000 pions. The histograms correspond to si1tgle events generati'Jl with i/O, = 150 
M'eV and 250 MeV. The curves are fits to the histogram using a .Maxwell .. BoUzmann 
distribution (see text). 

and mini ... jet attenuation4 at high pt will be investigated. Comparison ('tIl these II.pectra 
for pp and AA as a function of impact parameter is important. Largeunex~"lained 
differences in spectral shapes have been measured in high lnultiplicity pp, cl:a and 
higher mass nucleus-nucleus coLlisions at the CERN ISR and SPS.,5,6 

Since the barya-chemical potential in the cen.tral l'egion. of heavy ion collis!ions at 
RHIC is unknown, and somewhat controversial, the Pt spe'ctra of baryons and anti
baryons at midrapidity are particularly interesting for determi.ning the n~clear matt~ 
stopping power. The difference between the Pt spectra obtained for p and p or .A and .A. 
will reflect the redistribution in phase space of valence qua,rks from the nUcleOnl!~ of the 
target and proje,ctile. This measurement of the net baryon number and net charge is 
inlportant for establishing the baryo--·r.hemical poterltial fJ.B(Y) at ·n.lidrapidityft7 

Measurements of mu.ltiplicity and the Et distributions at midrapidUy will 
provide infonnation on the average matter and energy densities, respectively. 

------, ... 
4 P.V. Landshoff, Nucl. Phys. A498 (19'89) 217; X..N. Wang, Lawrence Berkeley Laboratory Rep,prt LBL-
28790 (1990), submitted to Phys. Rev. D. 
5 W. Bell et aI., Phys. Lett. 112B (1982) 271; A. Karab.lrbounis et al., Phys. L.eU. 104B (1981) 7:!>; A.LoS. 
J,\ngelis et a1., Phys. Lr.!,tt. 116B (1982) 379. 
6 J.W. Harris et at., Nucl. r)hys. A498 (1989) 133c. 
7 R. Ani~hettYI P.l<oe:hler' and L. Mclerran, Phys. Rev. D22 ~19:8,O) 279'3; W. Busza s.nd A,S. Golldhaber, 
Phys. Lett. 1.39B (1984)235; S. Date, ·M. G}ry,la.ssy a,nd H. Sumlyoshi, Phys. Rev. 032 (1985) 619. 
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Event by Event Physics 30_--------
a 

b 
KIn: 0.' 

c 
-i I 

500 1000 1500 2000 
Charged Particles I Event 

Figure 3-2 Plotted as a function of the charged-particle muUiplicity measured in an event are a) 
the standard deviation of <Pt>, (showing the tnean Pt values for temperatures of 150 and 250 
MeV) b) the standard deviation of the ratio KIn (assuming <KIn> = 0.1) and c) the number of 
like-sign pion pairs. A central Au + Au event at RHIC is expected to produce 1000 charged 
particles in the acceptance of this experiment. 
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g.A.Z. I.Qlf~.t Phenomena 
By extending the acceptance of the TPC to low Inomenta via the SVT, lo'w Pt 

phenomena can be addressed by STAR. The low Pt ellhancerr,ent measured in pion Pr 
spectra below 200 MeV Ie emerging from heavy ion intera~tions at relativistic inddent 
energies8,9,lO,11 is still not understood. A measurement of the low Pt part of the 
spectrum for a variety of particle species (K,1t,p) at RHIC may allow an understanding 
of the origin of this phenomenon. 

Correlations of many low momentum particles has been attributed to collective 
effects. Recent predictions of loca1i2'..ed plasma formation ('Van l-Iove bubbles'12) might 
lead to correlated hadronization of low Pt particles, which can be investigated by 
measuring fluctuations of the yield in rapidity. 

Bjorken 13 speculates that the orientation of the vacuum in the cold phase could 
be different from the orientation outside of a QC;P bag (disoriented chiral condensate) 
due to the occurance of a 'cold' QGP. This may lead to coherent emission of low Pr 
particles of a given charge. The °centauro events' which were observed in cosmic ray 
experiments may be an experimental indication of these fluctuations of the low Pt pion 
yield. Measuring the yield of low Pt charged pions event .. by-event as a function of 
centrality as well as the correlation with neutral particles measured in the 
electromagnetic calorimeter may provide information about hadronization of the chiral 
con denr;a te. 

3 .. A.3. Flavor Composition 

At RHIe energies the various stages of the collision, i.e. thernlalisation, 
expa.nsion, and hadronization" will be reflected in the abundance and spectral 
distribution of particles containing heavy quarks. This should be true for both high 
density hadronic matter and a QGP. The strongest effect is expected at midrapidity 
where the energy density will be maximum. A Ineasurem.ent of the corresponding 
particle yields and spectra as a function of the impact parameter (size of the reaction 
volume) will elucidate these differences, provide information about soft hadronic 
processes, and may eventually lead to a decisive signature for the formation of the QGP. 

A nlea.surement of the Kin ratio provides information on the relative 
concentration of strange and nonstrange quarks, i.e. «5 + s)/(u +- u + d + d». This has 
be'en suggested14 as a diagnostic tool to identify hot, dense matter and to study the role 

---------,--
8 T. A.kesson et al..,z.Phys.C46 (1990)361. 
9 H. Stroebele et al.,2.Phys.C38 (1989)89. 
10 B. Jacak, Nucl.Phys.A525 (1991)77c. 
11 E.V.shuryak, Nucl.Phys.A525 (1991)3,c. 
12 L. Van Hove, Ann. Phys. 192 (1989) 66. 
13 J.Bjorken, 'A FAD detector for sse', BNL-Colloquium, May 1992 
1~ N.K. Glendenning and J. Rafelski .. Phys. Rev. CJl (1985) 823; K.s. Lee, M.J. Rhoades-Brown and U. 
Heinz, Phys. Rev. C.37 (1988) 1452. 
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of the expansion velocity. The Kilt ratio will be measured event-by-·event with sufficient 
accuracy to classify the events for correlation.s with other event observables. The 
capability of STAR can be seen in Fig. 3-2b, where the standard deviation of the 
Ineasured single event KI " ratio is plotted as a function of the charged particle 
multiplicity measured in the event. The K/1t ratio will be measured very accurately on 
an inclusive basis. It call then be correlated with various observables measured event .. by 
eVlent or on an ensemble basis. 

Although the strange quark density in the QGP phase is much higher than in the 
hadronic gas phase, the total content of strange quarks is less enhanced in a quark
gluon-plasma than in a fully equilibrated hadronic gas at constant total energy or 
entropy. This is because the volume associated with the hadronic gas is nluch larger due 
to the smaller number of available degrees of freedom at fixed energy. T!lerefore, the 
observables which depend on the total strangeness abundance, such as A, A, KOs yields 
or K/1t ratios cannot be considered as direct Signatures of QGP forma tiOll. On the other 
hand, cbservables depending on enhanced strangeness density, such as multiply
strange baryons (e.g. a-·, 0·-), benefit from the higher (near equilihriuln) strangeness 
density reached in the QGP. Their approximate independence from final state effects 
makes them much more characteristic signatures of QGP formation. Their observation 
requires detection of secondary decay vertices. Due to the short decay lengths, ct ,.., 2 - 8 
em, a silicon vertex tracker (SVT) close to the beam axis is necessary for these 
measurements. 

The production cross section of cp-nlesons can be measured inclusi'l1ely from the 
decay $ => 'K+ + K-. Displayed in Fig. 3-3 is an invariant mass spectrum, in the region of 
the q, mass, constructed from all possible combinations of ~dentifiable lS:" and K- in the 
acceptance I 11 I < 1. Measurement of the yield of the $, which is an 5S pair, places a 
more stringent constraint on the origin of the observed flavor composition15 than the 
KIn ratio and is expected to be more sensitive to the presence of a QGP. The q, 
production rate is also expected to be extrernely sensitive to changes in the quark 
masses16,17,18 due to a chira.1 phase transition at high energy densities, which is 
predicted in lattice C.X::D calculations,19,20 

A measurenlent of the predicted QGP enhancement of "open charm", e.g. the 
yield of D-lnesons, \lyould be of extreme interest. 21 The feasibility of identifying and 
analyzing D-mesons (C't = 0.01 - 0.03 cm) is near the limit of SVT performance and will 
depend upon developments in silicon vertex tracking in the ru-llC environn'lent. This is 
currently being investigated. 

15 A. Shor, Phys. Rev. Lett. 54 (1985) 1122. 
16 R. D. Pisarski and F. Wilczek, Phys. Rev. D29 (1984) 338. 
17 T. Hatsuda and T. Kunihiro, Phys. Lett. B185 (1987) 304. 
18 B.V. Shuryak, Nucl. Phys. A525 (1991) 3e. 
19 C.E. DeTar and J.B. Kogut, Phys. Rev. Lett. 59 (1987) 399; Phys. Rev. 036 (1987) 2828. 
20 E.V.E. Kovacs et aI., Phys. Rev. Lett. 58 (1987) 751; F. Karsch et aI., Phys. Lett. 188B (1987) 353. 
21 T. Matsui and H. Satz, Phys. Lett. 178B (1986) 416. 
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Figure 3-3 Invariant mass distribution for all identifiable K+ K- pair combinations in the 
acceptance 1711 < 1 of STA.R for 500 Au + Au central events at RHIC. The tfJ signal is the 
narrow peak at 1.02 GeV. The momentum resolution arld tracking efficiencies of the STAR 
tracking system are included i71 the sirtlulation. The inset is the result of a subtraction of K+ K
pairs formed from K+ and K-, each from a different event, from the true K+ K- pairs of the main 
part of this figure. This effectively subtracts the phase space background yielding the clean cp 
signal observed in the inset. l'he simulation has no width for th.e ¢. Therefore the contribution of 
the detector to the measurement of the tP is obser17ed to be minimal cornpared to the true width of 
r= 4.4 MeV. The 1nean number of reCo1zstructed til's in these events is 6 pt:r event. 

3.A.4. Fluctuations in Energy, Entropy, Multiplicity and Transverse Momentum 

It has long been known that a prime, general indicator of a phase transition is the 
appearance of critical dynamical fluctuations in a narrow range of conditions. It is 
worth emphasizing that such critical fluchlations can only be seen in individual events 
where the statistics are large enough to overco.me uncertainties ('-iN) due to finite 
particle number fluctuations. The large transverse energy and multiplicity densities at 
midrapidity in (,~entral collisions allow event-by-event measurement of fluc..tuations in 
particle ratios, energy density, entropy density and flow of different types of particles as 
a function of pt, rapidity, and azimuthal angle. TIley also allow' measurenlents of local 
fluctuations in the magnitude and azimuthal distribution of Pt. These fluctuations have 
been predicted to arise 'from the process of hadronization of a QGP.2.2 

22 M. Gyulassy, Nucl. Phys. A400 (1983) 31c; L. Van Hove, Z. Phys. 07 (1985}' 135. 
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Intermittency, or Factorial Moment Analysis23, is a powerful technique for 
studying details of the charged particle multiplicity distribution, and is sensitive to 
multiparticle correlations over many length scales in phase space. There are trivial 
correlations in the multiplicity distribution due to, for instance, resonances. In order to 
uncover new physics it is necessary to probe the distribution at resolutions in 11 and <P 
well below the scale (~" - 0.5) characteristic of these trivial correlations. The two-track 
resolution, which is the principal experimental parameter limiting the size of bins in 
phase space, is currently being studied in STAR. 

3.A.S. Particle Correlations (Bose-Einstein) 

Correlations between identical bosons provide information on the freezeout 
geometry,24 the expansion dynamics2S and possibly the existence of a QGP.26 It would 
be interesting and unprecedented to be able to nleasure the pion source parameters via 
pion correlation analysis on an event-by-event basis and to correlate them with other 
event observables. In an individual event with 1000 negative pions, the number of 1t'"1t'" 

pairs within 1111 < 1 is n7t-Cnn--l) /2 = 500,000. TIle dependence of the number of like
sign pion pairs on the charged particle multiplicity per event is shown in Fig. 3-2c. 
However, it is necessary to determine precisely the statistics of the correlation function 
expected in the Bose ... Einstein enhancement region of small momentum difference Q, as 
a function of multiplicity density. An empirical relation for the transverse radius (Rt> of 
the pion source at midrapidity as a fw\ction of the rapidity density (dn/dy) has been 
derived from the existing pion correlation data27 shown in Fig. 3-4. This relation, Rt ,.., 
(dn/dy)1/3, suggests source sizesp Rt- 10 - 15 fm, for central Au + Au collisions at 
ru-llC. Su.ch large source sizes would confine the two-pion correlation enhancement to 
small values ofQ < 10 - 20 MeV/c. An extrapolation of the CERN NA35 two-pion 
correlation data28 to central Au + Au collisions at RHIe, as well as simple phase space 
density models, suggests that adequate statistics will be available on an event .. by-event 
basis at small Q for these large source sizes, provided that dn/dy exceeds 500 for a 
given particle species. This value of dn/dy is somewhat larger than that predicted by 
conventional event generators. However, it may be achievable due to the substantially 
larger entropy density expected if a phase tran.sition were to occur. At lower dn/dy 
(-300), sufficient statistics can be obtained with a sman number of events (-1000) 
allowing selection and study of special event classes such as an unusual Kin ratios or 
unexpected fluctuations. The necessity to accurately measure stnall values of Q pla.ces 
stringent constraints on the t\vo ... track resolution of the tracking system. 'Using 

------,--

2.1 A. Bialas and R. Pesha.nsky, Nud. Phys. B273 (1986) 703. 
24 F.B. Yano and S.E. Koonin, Phys. Lett. B78 (1978) 556; K. Kolehmalnen and M. Gyulassy, Phys. Lett. 
B18D (1986) 203; B. Andersson and W. I-fofmann, Phys. Lett. B169 (1986) 364. 
25 S. Pratt, Phys. Rev. Lett. 53 (1984) 1219. 
26 S. Pratt, Phys. Rev. D33 (1986) 1314; G. Bertsch, ~1. Gong and M. Tohyama, Phys. Rev. 07 (1988) 1896 
and G. Bertsch MSU Preprint (1.988). 
27 P. Seyboth, Quark Matter '91 and R. Stock, University of Frankfurt Preprint IKF90-3 (1990) and 
Annalen der Physik 48 (1991) 195. 
28 A. Bamberger et aI., Phys. l.ett. B203 (1988) 320. 
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Figure 3-4 Transverse source size para11Jeter versus the charged pion density d,N+-/dy at 
midrapidity. Predictions from models with freezeout at ,R1' = A-mr: (pion mean free path) and at 
pion density nn = 0.5 jrtrj are shown by dashed and dash-dotted curves respectively. 

the present STA.R TPC track reconstruction algorithms, 'rVhich have not been optimized 
for close track reconstruction, a Q of 5 Me V I C can be measured in the transverse (space) 
direction and a Q of 10 MeV Ie in the longitudinal (time) directions for the mean pion 
transverse momentum of .... 300 MeV Ie .. 

It should be noted that these considerations do not include effects of Coulomb 
repulsion of like-sign pairs of particles. This can be overcorne by using pairs of neutral 
particles such as KOsI which are detected through decays into charged particles. 
According to simulations, approximately 15 KOs decays will be measured per central Au 
+ Au event in the acceptance of STAR Therefore, a sample of approximately lOS events 
will provide good statistics for a KOs-KOs correlation analysis. 

The correlations of like-Sign charged kaons or pions will be measured on an 
inclusive basis to high accuracy. The dependence of the source parameters on the 
transverse momentum components of the particle pairs will be measured with high 
statistics. Measurement of correlations between unlike-sign pairs will yield information 
on the Coulomb corrections and effects of final state interactions, which must be taken 
into consideration to interpret the like-sign pair distributions. This is important since 
the Coulomb corrections nlay also depend upon the spacetime evolution of the source. 

The incb.~:si~'e measurement of KK correlation.s will complement the 1t7t correlation 
data. The KK cOl'ff:lation is less affected by resonance decays after hadronic freeze-out 
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than the 1t7t correlations29, thus interpretation of the KK correlation measurernents is 
much less model-dependent than that of the xx data. Since K's are expected to freeze 
out earli.er30 than n;' s in the expansion, the K source sizes are expected to be smaller than 
those of the nls, resulting in less stringent constraints on the two-track resolution of the 
tracking system. Depending upon the baryo-chemical potential and the existence of a 
(lGP, the K+ and K- are also expected to freeze out at different times. 30 Thus, separate 
measurements of the K+K+ and K-I(- correlation functions will be of interest. 

3.A.6. Expansion Dynamics 

Anti .. deuterons and heavier anti .. nucleiresult from the coalescence of 
combinations of p and n during expansion, ~hen the anti-nucleon density reaches 
freezeout density. The "coalescence ratio" < d >/< p ~ depends not only on the 
dynamics of source expansion (radial flow, temperature, etc.) at freezeout, but also on 
the source size. This ratio decreases with increasing source radius, and should provide 
information complementary to the particle correlation analyses.31 In a region of zero net 
baryon number, deuterons will also serve the same purpose. 

l.A.7 .. EIectromagneticIHadronic Energy 

A unique feature of the STAR proposal is its emphasis on event-by-event 
correlations. Correlation and fluctuation analyses in both azimuth and rapidity are 
improved considerably by combining the EM and. charged particle data. Approximately 
1/3 of the energy is electromagnetic (EM) energy. The remaining hadronic energy ca.n 
be measured by either calorimetry or charged particle tracking. In order to obtain 
reasonable total energy resolution the fraction of EM energy must also be measured via 
calorimetry. More inlportant, the measurem.ent of EM energy vs charged-particle 
energy is one of the correlations that must be Ineasured in the search for signatures of 
the QGP and other new physics. The unexplained imbalance between charged particle 
and neutral energy observed in Centauro and other cosmic ray events emphasizes the 
need for EM/charged particle measurements.32 Discussions of quark-gluon scattering 
within the QGP (eg., qg -+ 'Yq) also point to the importance of measuring the 
electromagnetic energy as a possible signature of special events.33 

S.D. Parton Physics 

The goal of studying products of hard QeD processes produced in relativistic 
heavy ion collisions is to use the propagation of quarks and gluons as a probe of nuclear 
matter, hot hadronic matter and quark matter. Since the hard scattering processes occur 

29 M. Gyulassy and S. S. PadulaI' Lawrence Berkeley Laboratory Report LBL··26077 (1988). 
30 K.S Lee, M.J. Rhoades-·Brown and U. Heinz, Phys. Rev. C37 (1988) 1463. 
31 S. Mrowczynski, Regensburg Report (1990) to be published in Phys. Lett. 
32 J.D. Bjorken and L.D. McLerran, Phys. Rev. D 20 (1979) 2353 and Y. Takahashi and S. Dake, Nucl. Phys . 
A461 (1987) 263C. 
33 P.V. Ruuskanen, IYFL-3-90, "International Workshop on Quark-Gluon Plasma Signatures," Strasboul'g, 
France, Oct. 1 6 (1990). 
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at the very earliest stage of the collision (t < 1 fm/ c), their production rates are 
dependent only upon the incoming state. Given the quark and gluon structure functions 
of the t'Olliding nuclei, the rates of hard parton scattering are directly calculable in QeD. 
RIDe will be the first accelerator to provide nuclear collisions at energies where rates of 
detectable partonic debris (jets, high-pt particles and direct photons) from hard partonic 
scattering pennit accurate measurements. Various calculations have predicted that the 
propagation of quarks and gluons through matter depends strongly upon properties of 
the medium .. 34,35,36,37,38 and that a measurement of the yield of hard scattered par tons as 
a function of transverse energy may be sensitive to the state of the surrounding matter. 
For example, it has been suggested that there will be observable changes in the energy 
loss of propagating partons as the energy density of the medium increases, particularly 
if the nledium passes through a phase transition to the QGP.39 Energy loss in ~he 
medium results in jet quenching (i.e. a reduction of the jet yield at a given pt> which has 
been observed in deep inelastic lepton s-cattering from nuclear targets. Jet quenching is 
expected to lead to significant effects in the spectra of single high Pt particles, di
hadrons and jets in AA collisions at RHIC.4O 

Quark structure functions of hadrons and nuclei are being studied with deep 
inelastic lepton (DIS) scattering. However, the proton's gluon structure function and ib; 
change in nuclei (nuclear shadowing) can only be studied with a hadronic probe. 
Information on the gluon structure function of the proton at low Feynman x is available 
from pp experiments.41 However, a complete picture, including the effect of nuclear 
shado\ving, reqUires a systeInatic program of pp and pA studies at RHIC. 

Reconstruction of the parton scattering kinematics is limited by acceptance and 
detector resolution effects, and by the superposition of particles from other, incoherent 
processes which occur during the collision. This latter problem is especially serious in 
high multiplicity AA collisions, where the jet can be entirely obscured. The technique of 
jet reconstruction to extract parton information in AA collisions is being investigated 
with the STAR detector configuration. High Pt particle measurements can be used to 
extract parton information in pp, pA and AA collisions in STAR. 

The distribution of final state particles is represented by the fragmentation 
function. A few percent of jets fragment into a limited number of hard particles carrying 
most of the jet momentum. Observing only hard particles above some Pt cut (e.g., Pt > 2 

34 J.D. Bjorken, Fermilab Report 82/59/59-TI-lY (1982). 
35 D. Appell' Phys. Rev. 033 (1986) 717. 
36 J.P. Blaizot and L.D. Mclerran, Phys. Rev. D34 (1986) 2739. 
37 M. Rammersdorfer and U. Heinz, Phys. Rev. 041 (1990) 306. 
38 M. Gyulassy and M. Pluemmer, Phys. Lett. B243 (1990) 432. 
39 M. Gyulassy et ai, Lawrence Berkeley Laboratory Report LBL-31002, to be published in Proc. of 4th 
Conference on the Intersections between Particle and Nuclear Physics, Tuscon, Arizona, 1991. 
40 X.N. Wang and M. Gyulas5y, Phys. Rev. Lett. 68 (1992) 1480. 
41 R. Baier and I.F. Owens in "<..."K:D Hard Partonk Processes", B. Cox ed., Plenunl Press, New York and 
London (1987); J. Appel et aI, Phys. Lett. B176, 239 (1982); E.t. Berger and ]. Qiu, Proceedings of the 
Polarized Collider Workshop, AlP Proceedings 213, Collins et al editors (1991). 
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GeV) may solve the background problem for high multiplicity. However, in order to 
study parton dynarnics in this way the fragmentation functions Ulust be known. These 
functions are currently being studied by many groups and should be well known by the 
tiine RIDe experiments begin. However, these may change for fragmentation in the 
presence of a QGP or hadronic matter. Means of determining the fragmentation 
function for nuclear collisions are currently being investigated. 

The measurement of structure functions for unpolarized pp collisions can be 
extended to the case of polarized beams.42 The importance of understanding how much 
of the proton spin is carried by the gluons has been emphasized by recent results in 
polarized DIS experiments, which can only study that portion carried by the quarks.4.':l 

The STAR experiment with its present complement of detectors will trigger on 
total transverse electromagnetic energy. Jet energies and single and multiple high-Pt 
particles will be measured. These capabilities apply for pp collisions and a range of pA 
and AA collisions. Achievable resolutions and the range of A that can be covered 
depend upon maximally efficient use of the EM calorimeter and tracking information. 
Some yields/l07 sec (- 100 days of RHIC running) for jets and single hard xOs in the 
STAR detector at RHIC design lunlinosity are shown in Table 3-1. These rates indicate 
that the programs outlined can be carried out with significant statistics in reasonable 
time. 

3.B.l. lets 

Hard parton··parton collisions will occur within the first fm/c of the start of the 
nucleus-nucleus collision.44,45 Hence, the partons in a single hard scattering (dijet or "t 
jet) whose products are observed at midrapidity must trave'rse distances of several fm 
through high density matter in a nucleus-nucleus collision. The energy loss of these 
propagating quarks and gluons is predicted46,47 to be sensitive to the medium and may 
be a direct method of observing the excitation of the medium, i.e., the QGP . 

42 See the RHlC Spin Collaboration Letter of Intent (1990) . 
43 European. Muon Collaboration, J. Asham et ai, Phys. LeU. 2068 (1988) 364 ; M.J. Alguard et aI, Phys. 
Rev. Lett. 37 (1976) 1258; G. Baum et ale ibid. 51 (1983) 1153. 
44 E.V. Shuryak in Proceedings of the Workshop on Experiments and Detectors for RHIe, Brookhaven 
1'1ational Laboratory, Upton, New York, 2-7 iuly 1990 to appear as a 8NL report. 
45 T. Matsui in Proceedings of the WorkshOp on Experiments and Detectors for RHIC, Broo:1<haven 
National Laboratory, Upton, New York, 2-7 July 1990 to appear as a BNL report . 
46 M. Gyulassyand M. Pluemmer, Phys. Lett. B243 (1990) 432. 
47 X.N. Wang and M. Gyulassy in Proceedings of the Workshop on Experiments and Detectors for RHIC, 
Brookhaven National Laboratory, Upton, New York, 2~7 July 1990 to appear as a BNL report. 
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Table 3-1. Rates for hard proceses expected in STAR. 48 

Observable NN~snn System !e (cm-2s·1) ptRange #/107s 
(GeV) (GeV/c) 

jets, 200 pp 5 x 1030 > 20 2.3 x 106 

inclusive, >40 4.2 x 1()3 
1111 <0.5 P Au (Ref.48) 3.2 x 1028 >20 2.8 x 106 

(n1in. bias) 
, .... >40 S.Ox 10:_ 

Au Au 2 x 10~6 > 20 5.5 x lOS 
(central) >40 1.0 x 1()3 

500 pp 1.4 x 1031 > 20 1.1 x 108 

>40 2.5 x 106 

> 60 1.3 x lOS 
nO, 111 r <1 200 pp 5 x 1030 10± .5 4.8 x 1()4 

15± .5 1.5 x 1()3 
pAu 3.2 x 1028 10± .5 5.8 x 1()4 

_(min. bias) 15± .5 1.8 x 1()3 
Au Au 2 x 1026 lO± .5 1.2 x 1()4 

(central) 15± .5 ,.,350 

500 pp 1.4 x 1()31 10±.5 4x 106 

20±.5 3 x 1()4 
35±.5 ~1.2 x 1(}3 

Wang and Gyulassy have developed a model to simulate nucleus-nucleus 
collisions at RHIC using the Pythia mode149 for pp interactions as a basis and including 
the nucleus--nucleus geometry. Partons are propagated through matter in the collision 
and their energy loss is calculated depending upon the type of matter traversed 
(nuclear, hadronic or QGP). Results from these simulations exhibit a strong attenuation 
of jets and mini .. jets in hadronic matter. The attenuation disappears for traversal of 
deconfined matter (QGP). The results of the calculations are very much dependent upon 
the dynamics of the collisions, and the effects al·e largest at midrapidity. A detailed 
study of the effects of mini-jet and jet attenuation on the transverse energy is underway. 

It is essential to measure the energy of both jets in di-jet events. The sum of the jet 
energies and the di .. jet invariant mass are sensitive to interactions of the par tons with 
the medium. The yield as a function of invariant mass of back-to-back jets at 

48 M.A. Bloomer, et al. .. in Fourth RHIC Workshop (1990), BNL 52262. Their Table 1 assumes a pp 
luminosity of 1.4 x 1031 /cm2/sec at 100 A GeV Ic; we have assumed a pp luminosity for this energy of 5 
x 1030/cm2/sec. 
49 T. Sjostrand and M. van Zijl, Phys. Rev. D36 (1987) 2019. 
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midrapidity may be the best tool for studying effects of the matter on propagation, since 
in this case the overall path length in the medium is maximized. The difference of di-jet 
energies may be sensitive to the difference in path lengths traversed by the partons. In 
addition, measurement of both jets in a di-jet event suppresses background due to 
fluctuations of soft production processes that can nlimic a jet. A measurement of the eli
jet differential cross section for p-nuc1eus col!isioRs will in itself be of interest for 
tmderstanding the parton structure functions in nuclear matter. 

3.H.l.a. Mini-lets and Hig..h.p.1.I.ails of Distributions 

Mini-jets are expected to be produced copiously in collisi.ons at RHIC.50,51 As is 
the case for high Pt jets, the observed yield of mini-jets is expected to be influenced 
strongly by the state of the high density medium through which they propagate.52 

However, direct measurement of mini-jets is virtually impossible because of their large 
opening angle and the stron.gly varying background. ThllS, it is important to study the 
degree of fluctuation of the transverse energy and multiplicity as a function of pseudo
rapidity and azimuthal angle (d2Etl d1ldq, and d 2n/ dndcp) event-by-C'()ent, which should 
be strongly affected by the mini-jets.53,54 It is essential that this be systematically 
studied in pp and pA collisions, as well as AA. 

Inclusive Pt distributions of hadrons at Pt > 3 GeV Ie will also be influenced by 
jets and mini-jets. It should be emphasized that the single particle cross sections fall off 
more rapidly as a function of Pt than the jet cross sect,ions.55 However, Wang and 
Gyulassy56 have shown that the inclusive single particle yield is very sensitive to the 
state of the matter through which the parent scattered partons propagate. Fig. 3-5 shows 
the charged particle pseudorapidity distribution and the ratio of charged particle yields 
for Au-Au and p-Au collisions compared to p ... p collisions as a function of pt under 
various assumptions about the nuclear structure functions (shadowing) and energy loss 
of the scattered partons (quenching). From the middle panel of Fig. 3-5 it is seen that the 
introduction of quenching (on top of shadowing) leads to a reduction in yield above 
pt-4 GeV Ic of a factor 5, which will be easily measurable at STAR. 

50 K. Kajanti,e, P.V. Landshoff and J. Lindfors, Phys. Rev. Lett. 59 (1987) 2527. 
51 K.J. Eskola, K. Kajantie and J. Lindfors, Nucl. Phys. B323 (1989) 37. 
52 P.V. Landshoff, Nucl. Phys. A498 (1989) 217;, X.N. Wang, Lawrence Berkeley Laboratory Report LBL-
28790 (1990), submitted to Phys. Rev. D. 
53 D. Appel, Phys. Rev. 033 (1986) 717. 
54 X.N. Wang, Lawrence Berkeley Laboratory Report LBL-28789 (1990), submitted to Phys. Lett. B. 
55 See W. Geist et al., CERN/EP Report 89-159 (1989) to be published in Phys. Rep. (1990) . 
.56 X.N. Wang and M. Gyulassy, Phys. Rev. Lett. 68 (1992) 1.180. 
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Figure 3-5 Results from HI/ING calculations on the,dependence of the inclusive charged hadron 
spectra in central Au + Au and p + Au collisions on minijet production (dash-dotted), gluon 
shadowing (dashed) and jet quenching (solid) assuming that the gluon shaduwing is identical to 
that of quarks (see text and Ref. 56 for details). RAB (Pt) is the ratio of the iru.:lusive Pt spectrum 
of chllrged hadrons in A + B collisions to that of p + p. 

3.B.l.b. Di-quarks at l:Ii~1 

The formation and attenuation rates of subhadronic objects, such as di-quarks, 
wi.ll also depend upon the state of the medium.57 Although little theoretical 
consideration hac; been given to this subject, an investigation of di-quark scattering and 
attenuation at high Pt and production of A and A at high Pt should provide interesting 
information on this issue. . 

3.C. Correlations between Event Observables 

It should be emphasized that the capability of measuring several different observables 
event-by-event is unique to this experiment. Events can be characterized event-by-event 
by their temperature, flavor content, transverse energy density, multiplicity density, 
entropy density, degree of fluctuations, occurrence of jets and possibly source size. The 
presence of a QGP is not likely to be observed in an average event, nor is it expected to 
be observed in a large fraction of events. Since there is no single clearly established 

57 W. Geist, Phys. leU. B211 (1988) 233. 
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signature of the QGP, access to many observables simultaneously will be critical for 
identifying the rare events in which a QGP is formed. 
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4. CQn.ceptual Design 

4.A. Implementation Plan for the Experiment 

The STAR Phase 1 Detector will consist of the Solenoidal Magnet, Time 
Projection Chamber, Silicon Vertex Tracker, Electromagnetic Calorimeter (EMC), 
Trigger Detectors for collision geometry, and associated electronics and data acquisition 
systems. These detectors are expected to be operational and online at rUlIc start ... up. 
Funding is being sought for the EMC from sources external to RHIC. This complement 
of detectors planned for STAR Phase 1 implementation is expected to accomplish most 
of the physics goals proposed by the STAR Collaboration.. COl\struct"ion and 
implementation of Time-of-Flight Detectors to extend particle identification to higher 
momenta, External Time Projection Chambers to extend acceptance to higher 
pseudorapidity and upgrades to more sophisticated triggering systems will take place 
as additional funds become available. 
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4.B. Solenoid 

4.B.l. Specialized Physics Issues 

The TPC detector requires a uniform magnetic field, The average magnetic field 
uniformity requirement.is approximately 1 part in 7000 if no correction is used in the 
TPC software.t,2 If magnetic field corrections are applied in the software, the field 
uniformity requirexr ... ,nts are only approximately 1 part in 1000. These field uniforlnity 
req'.lll'ements must be rnet over the entire volume of the TPC, which is a cylinder 4.0 
meters in diameter and 4.2 meters long about the magnetic center of the experiment. 
The field uniformity requirements have to be met over a range of ntagnetic inductions 
from 0.25 Tesla to 0,5 Tesla. The field unifonnity requirements of 1 part in 1000 can be 
met over the entire TPC volume by shaping the iron poles even though there is a hole in 
the poles at T1 = 2 to allow particle transmission to external detectors. Small 
superconducting and conventional correction coils will be used to further improve the 
field uniformity, 

4.B.2. Description of Subsystem 

The STAR magnet includes the following subsystems: 1) a 4.2 meter inside 
diameter superconducting 0.5 Tesia solenoid magnet, which has an overall length of 6,9 
meters and an outside diameter of 5.0 meters, 2) an iron return yoke and shaped pole 
pieces to carry the magnetic flux generated by the superconducting solenoid and shape 
the nlagnetic field to obtain the required uniformity, 3) a liquid helium refrigerator to 
cool and keep the superconducting solenoid at its operating temperature of 4,~ I< or 
less, with a minimum of heat loss, 4) a vacuum system to provide vacuum for the 
multilayer insulation system needed to insure that the superconducting solenoid 
magnet can be kept at its operating temperature of less than 4,~ K,5) a power supply to 
deliver up to 2500 amperes at a maximum voltage of 8 volt~ to the superconducting 
solenoid system, 6) a quench protection system to protect the solenoid in the event it 
becomes normal and 7) a systeln of monitoring electronics to monitor the performance 
of the superconducting solenoid and all of its subsystems during the life of the 
experiment. 

4.B.4. R&D Issues and Technology Choices 

Without pushing the state of the art, a 0.5 Tesla superconducting solenoid which 
is 0.7 radiation lengths thick can be bui.lt for STAR. This makes the m,agnet and the iron 
return yoke smaller than with a conventional coil and it allows calorimetry to be done 
outside of the n'lagnet coil. A conventional solenoid which has been optimized for 
minimum capital cost of the coil plus pO\\7er supply and cooling systeln would be at 

1 H. Wieman, liE and B Field Precision Constraints from ~,forrtentum Resolution Requi,rements in the 
STAR TPC," STAR Note-14, 29 October 1991. 
2 M. A. Green, "Methods for Improving the Magnetic Field Unifornuty within the STAR Detector 
Solenoid," STAR Note-22, LBL Internal Note LBlf).,1808, 16 December 1991. 
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least MO and a half radiation lengths thick. A thin super conducting solenoid uses about 
five percent of the power of a two and a half radiation length thick conventional 
solenoid. This saves a large amount of operating money over the life of the experiment 
and also saves some cost of new conventional facilities at the RHIC interaction region 
occupied by STAR.3 There have been at' least nine superconducting solenoids built 
using thin supercond ucting solenoid technology. These magnets have been used in 
physics experiments in the United States, Europe and Japan since 1979. The smallest of 
these solenoids had a 1.5 meter warm bore; the largest has a 5.2 meter warm bore. The 
very pure aluminum matrix superconductor proposed for the STAR Inagnet has been 
used in seven of these thin solenoids and at least a half dozen other large 
superconducting magnets. Worldwide, there are at least a dozen companies who are 
qualified to fabricate the STAR solenoid. Like all of the other thin detector solenoid 
magnets, the STAR magnet will be cooled indirectly by two phase helium flowing 
through cooling tubes. 

4. B.S. Engineering 

4. B.S.a. Brief Technical Description 

• 

• 

The basic physical and electrical parameters of the STAR nlagnet are given in • 
Tab. 4B .. 1. Fig. 4B-1 shows the rnagnet coil cryostat in relation to the iron poles and flux 
return path as well as the other elements of the the STAR experiment. Fig. 48-2 shows a 
cross-section of the end of the STAR coil cryostat package. Fig. 4B-2 shows most of the 
components which make up the magnet coil and cryostat package. Fig. 4B-3 is a 
schematic diagram for the cryogenic system for cooling the STAR coil and keeping the • 
superconducting coil at its operating temperature of 4.70 K or less. Fig. 4B-4 is a 
schematic diagran\ of the nlagnet coil power supply and quench protection system. 

~)escription and SRgdfications. of Major Components 

The superconducting coil is a single layer of pure aluminum matrix • 
superconductor.4 This type of superconductor has been used in a number of detector 
solenoids because the energy needed to induce a quench is much higher than for a 
copper based superconductor 'wh\ch has the same radiation thickness. The STAR coil 
can carry enough current to generate a central induction of 0.7 Tesla, but the iron is not 
designed to return the magnetic flux at this level. The 0.7 radiation length thin section of • 

3 A preliminary study wa.s conducted to determine the cost dUference between construction cf a 
conventional coil and a superconducting coil. The capital expense of the conventional coil alone is less 
than that of the superconducting coil by about one years operating cost for the conventional coil. (Since • 
the cost of operating the supercoinducting coil is much less than any of these other costs, it can be 
neglected in the present comparison.) Since the initial expense of the superconducting magnet can be 
amortized by the savings in operating expenditures within 1 .. 2 years, a superconducting magnet 
operating at least two years is the most ,cost-effective. Because of potential budgetary savings for the 
construction project, the conventional coil option is being investigated further. A technology choice will • ; 
be made within two months, once all the details are known. 
4 M. A. Green, ·'Preliminary Specification for STAR Superconductor," STAR Note-27, LBL Internal Report 
LBID-1831, 12 February 1992. 
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• Figure 4B-l The magnet coil cryostat is shO'Wn in relation to the iron poles and flux return path. 
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Figure 4B-3 STAR 1nagnet cooling system using a separate refrigerator; forced two-phase coil 
cooling using the compressor to circulate the helium. 

the STAR coil design is 5.43 meters long.5 The ends of the magnet and cryostat are up to 
three radiation lengths thick. The end region contains all cryogenic services, the gas 
cooled electrical leads, the cold mass support system and all vacuum pumping for the 
cryostat. The coil and cryostat are designed so that all services come out of one end of 
the cryostat at or n.ear the top of the cryostat. The reference design has cold mass 

5 M. A. Green, "Preliminary Specification for the STAR Superconducting Solenoid Magnet Coil and 
Cryostat," STAR Note-31, LBL Intenlal Report LBID-1832, 20 February 1992. 
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Figure 4B-4 ST A.R solenoid puwer supply and qUe1ich protection system. 

supports in twelve places around each end of the magnet cryostat. The cold magnet 
cold mass support system is designed to carry accelerations of at least three times 
gravity in any direction. 

The iron return path consists of two end support rings for the STAR experiment, 
two shaped magnet pole pieces, and sixty flux return bars which also support the EM 
calorimeter modules. The coil and cryostat are supported from the end rings. The TPC, 
and SVT are supported from the coil cryostat inner bore at the thick ends. The sixty flux 
return bars have spaces betw'een them for routing light fibers for the EM calorimeter. 
The iron return path has sixty-fold symmetry. As a result, the iron return path should 
present no nonuniform effects on the quality of the magnetic field .in the region of the 
TPC and SVT. The pole pieces are shaped to remove the nonunifonn field effects of the 
gap between the iron pole and the end of the coil and the 1.71 meter diameter 11= 2 hole 
for particles traveling to the external TPC detectors. The average gap between the iron 
poles is about 6.2 meters. Additional correction coils around the 11 = 2 hole and the end 
of the superconducting coil can result in further field quality improvement in the region 
of the central 'fPC detector. Between pole shaping and the correction coils, the field 
quality will meet specifications for a central induction range from 0.25 to 0.5 Tesla. 

The magnet cooling system is a two phase helium tubular cooling system with 
tubes attached to the support shell outside of the superconducting solenoid coil. These 
tubes are spaced about 0.5 meters apart. (See Fig. 4B-2 and Fig. 4B-3.) Two phase helium 
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cooling has been used for virtually all of the large detector magnets built since 1978. 
Two phase cooling can be provided by either natural convection (the so called thermal 
siphon system) or by forced two phase cooling where the pumping is provided by the 
helium compressor (See Fig. 4B-3.) or a liquid helium pump.6 The STAR magnet can be 
cooled by its own refrigerator or the RHIC central liquefier. The use of a tubular cooling 
systenl has a number of positive safety implications for the STAR experiment. There is a 
relatively sma1l amount of the liquid helium (about 15 liters) in contact with the 
superconducting coil and all of this helium is carried in tubes which are capable of 
withstanding pressures above 10 MPa. 

The power supply and quench protection system for the STAR magnet is similar 
to that used on other large detector solenoids which use pure aluminum matrix 
superconductor. The magnet power supply and quench protection system can either be 
supplied by the magnet .vendor or they can be purchased separately. The 
superconductor matrix current density is rather low (about 4 X 107 A m-2) so the 
minimum time required for a safe coil quench is long (about 20 seconds). A simple 
quench detector and dUlnp resistor will protect the coil" so that the coil hot spot 
temperature (at the point where the quench starts) is less than 100 K°.7 The voltages 
developed across the superconducting coil during a quench are about 300 V. About half 
of the solenoid stored energy will end up as heat in the coil at the end of the quench. 
The other half of the coil stored energy will be dissipated as heat in the dump resistor. 

4.B.S.c. Initial.F£tbrication, Testing and ShippinS 

The STAR solenoid will be built and tested by industry without the iron return 
yoke. The coil will be shipped to RIDC by the magnet coil and cryostat vendor. The cost 
of shipping is included in the cost estimate for coil and cryostat. After the coil and 
cryostat package has been shipped to RHIC, the coil package will be inspected and then 
installed in the iron return yoke as the iron is assembled in the STAR assembly building. 

4.B.S.d. Assembly & Testing at RHIC 

Further testing of the coil will be done at Brookhaven before the internal 
detectors are installed within the coil bore. This phase of the testing also includes 
measurement of the magnetic field in the region where the TPC and other detectors are 
to be located. The measured field map can be used by the TPC detector software to 
correct for the effect of field nonuniformity up to the level of 1 part in 1000. Once the 
magnetic field has been mapped, the TPC and the other detectors will be installed 
within the solenoid magnet warm bore. 

6 M. A. Green, "Cryogenic System Options for the STAR. Superconducting Thin Solenoid," STAR Note-13, 
LBL Inten'\al Report LBID .. 1841, 20 April 1992. 
7 M. A. Green, "Design Parameters for the STAR Solenoid Power Supply and Quench Protection System," 
STAR Note-531 LBL Internal Report LBID-1848, 23 Apri11992. 
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Table 4B-1 Basic parameters of the STAR superconducting solenoid 
magnet, its flux return iron, its cryogenic system its power supply and 
quench protection system . 

Solenoid Cryostat Inside Diameter (m) 4.40 
Solenoid Cryostat Outside Diameter (m) 5.00 
Solenoid Cryostat Length (m) 6.90 
Solenoid Coil andCrvostat Mass (metric tons) 23.73 
Superconducting Coil Diameter (m) 4.63 
Super conducting Coil Length (m) 6.20 ' 
Superconducting Magnet Cold Mass (metTic tons) 8.34 
Maxin\um Desi,gn Central Induction* (T) 0.50 
Number of Layers in the Solenoid Coil 1 
Number of con Conductor Turns 1240 
Solenoid DesiS!! 9urrent* (A) 1989 
Solenoid Coil Self Inductance with Iron* (H) '51.27 
Magnet Stored Energy at Design Current* (MJ) 10.43 
Length of the Return Iron (m) ':/.67 
Outside Diameter of the Return Iron (m) 6.51 
A verage Gap between the Iron Poles (m) 6.20 
Number of Iron Pieces 64 ..... -Return Yoke Fram~Mass (metric tons) , .... 50 

,-l 

Magnet Pole Piece M,ass (metric tons) -45 
One of 60 Return Iron Bars Mass (metric tons) -6.5 
Total Iron Pole and Return Yoke Mass (metric tons) 1 ... 540 
Estimated Refrigeration Required at 4.50 K (W) 110 
Estimated l-Ielium Liquefaction ReQuired** (g s-l) 0.70 
Cool Down Time with a 300 W Refrigerator (hr) ~~120 

Minimum Magnet Charge Time (min) 60 
Power Supply Maximum Voltage (V) 8.0 
Power Supply Maximum Current (A) 2500 
Dump Resistor Resistance (ohms) 0.15 
Dump Time for the Solenoid (5) -20 
Conductor I-Iot Spot Temperature (K) -60 

*At the solenoid design current needed to produce a 0.5 Tesla central induction. The 
design current will be a little higher due to iron saturation in the pole pieces and return 
yoke. 

**The helium liquefaction requirenlents assume O.25g s·l for the gas cooled electTical 
leads and 0.45 g s~l for the coil cryostat and control dewar shields. If the coil cryostat 
shields are liquid nitrogen cooled, the liquefaction required goes down to 0.27 g S-l. 
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STAR Conceptual Design Report 

4.C. Time Projection Chamber 

4.C.l. Specialized Physics Issues 

Chapter 4C - TPC 

The central we is the main detector of the STAR experiment and is designed to 
fulfill the objectives of the basic physics program. The associated detector subsystems 
mostly work in conjunction with the TPC to refine and improve its measurements. 
Charged particles are detected, identified, and their momenta measured for 1111 < 1.0. 
Tracking alone is performed over 1.0 < 111 I < 2.0. This allows the study of particle 
spectra, flavor composition, fl~ctuations, momentum distributions, source size (HBT), 
and source expansion (d and d). Parton physics is accessible through studies of leading 
particles, as well as jet production when the TPC is used in conjunction with the EM 
calorimeter. 

4oc.2. Description of Subsystem 

4.C.2.a. Gell.eral Description 

The TPC (Fig. 4C-l) is a continuous tracking detector capable of handling high 
multiplicity events. It determines the momenta of an individual particles by tTacking 
them through a solenoidal magnetic field and identifies, them by making multiple 
energy loss measurements. The active gas volume of the TPC is bounded by coaxial 
field cage cylinders with instrumented pad plane end-caps at both ends. A high voltage 
membrane at the center creates an E field, such that ionization electrons drift towards 
the end-caps. The end-caps contain thin-gap, multiwire proportional chambers (MWPC) 
in which the primary signal electrons are amplified by avalanche nlultiplication at the 
anode wires. Image charges are induced on an array of pads located behind the anode 
wires and are recorded as a function of time. For each track segment, the drift time 
provides one coordinate, while the induced signals on the pad rows provide the 
coordinates in the plane of the MWPC. The basic parameters of the TPC are 
summarized in Table 4C-1. 

Each end cap is comprised of 12 sectors, each of which is divided into two parts: 
an outer and an inner radius module a,s shown in Fig. 4C-2. The two modules are 
optimized for performance in either the high track-density environment that exists close 
to the interaction vertex or the lower track-density in the outer regions of the TPC. The 
inner Inodule is distinguished by its ability to provide good two track separation while 
the outer module is optimized for dE/dx measurements which allows good particle 
iden tifica tion . 

Each sector module contains several wire planes in front of a cathode plane that 
is segmented into individual pads. These pads are arranged in concentric rows to 
optimize performance with regard to position and momentuDl resolution for straight 
(Le. high Pt ) tracks. This reason for adopting the radial geometry as opposed to a 
geolnetry with str,aight pad rows (which eases construction and analysis) applies to the 
STAR TPC even though a large fraction of tracks are of relatively low momentum. The 
momentum resolution for these low Pt tracks is dominated by multiple scattering and is 
therefore not affected by the choice of pad row geornetry. 

4C-l 
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Sector' 
Support-Wheel 

Date: 4-29-92 

Figure 4C .. l A diagram of the STAR central TPC. 

Chaptf!r 4C .j, TPC 

Inne.r' 
Field 
Ca.ge 

The outer n\odule contains pads that are 1~.5 mm long in the radial direction alnd 
6.2 mm wide in the azimuthal direction. They are arranged in circular rows and cover, 
as much as possible, the full surfa,ce area of the module for good dEl dx resolution. 
There is a O.s. mm gap between the pads. The widths of the pads and the db,tance from 
the pad plane to the anode wire plane (4 mm) is chosen to ensure that .signals appear on 
three contiguous pads above noise threshold for a minimum ionizing particle having 
the most probable, track crossing angle. "This has the advantage that the centroid can be 
located with a three point Gau.ssian fit and does not require independent knowledgf~ of 
the width of the distribution. 

The inner sector module is als.o arranged with circular pad rows bu.t the pads are 
smaller, 11.5 mm long in the radial direction and 2.85 ml'l1 wide in the azimuthal 
direction. There are 18 regularly spaced pad rows instead of complete pad plane 
coverage. The distance frOn'l pad plane to an.ode wire plane is correspondingly smalller 
to preserve the proper signal spreadi.ng required to achieve three pad hHs. for the saIne 
reason mentioned above. The s,maller dimensions will improve the two track separation 
at the inner radius where the track density is largest. The uninstrumented space 
between these pad rows compronlises the dEl dx nleasurement in t.his f1egi.on. 
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Table4C-l 

Drift Volume Coaxial Cylinder -
Inner Radius O.5m 
Outer Radius 2.0m 
Length 4.2m 

B Field 0.5 T (Axial) 

Drift Gas Ar + 10% Cli4 
Pressure Atmospheric (not re~lated) 

E Field 130V/cm ,-
Drift Veloci!y 5.5 crn/JlS 
Diffusion Transv~rse 185 J.1m/"./cm @ 0.5 T, Longitudina1320 Jlm/-jan 

I • __ 

Shapi1'!8_ Time 180ns(~) 

Sampling Rate 12.3 MHz 
Sampling_ DeJ?th 512 time buckets 
Gas Gain 1()4 (avalanche multi~lication) 

An~de Voltage 1265 V 
,Anode Wires 20 J.Lm diameter. Gold plated tungsten (2 C/em) 
Anode Readout 4 fold coupling for multiplicity trigger readout 
Pad Si7..e Inner: 2.85 x 11.5 mm, Outer: 6.2 x 19.5 mm 
Pad Pitch Inner: 3.35 x 12.0 lnm, Outer: 6.7 x 20.0 mm 
NUDlbe,r of Pads 140,000 (total) 

Dynamic Ran~e 10 bits (required for dE/dx) 
Laser System ' Nd:YAG (frequencyquadrupled,~266 run) 60 beams 

~.C.2~. Drift Volum,e, 

The necessary phase space coverage of the STAR 'fPC can be determined to a 
large extent by si.mple consideratio'ns. In order to detect anomalo,us behavior in the 
reaction volume (unusual entropy densities, temperatures, excess strangeness 
production, etc.) on an event .. by-event level, it is ne,cessary to collect as many of the final 
state particles as possible so that the measurements are not dominated by statistical 
fluctuations. The distribution of particles radiated iSOlTopically from a point source 
behaves as do/dn -1/cosh2(n). Thus, most of the yield is contained within the interval 
A11 = ±1. 11tis sets the minimum window necessary for observing nucleus-nucleus 
collisions on an event-by-event basis. In reality, the reaction volume will have 
considerable longi.tudinal extent. The B,iorken picture implies a correspondence between 
z and 11; this means that different pieces of the expanding fluid radiate into different 
wi.ndows of 11. The baryon-free region is centered abou.t z=T'I=O; thus, observation of the 
baryon-free zone is best carried out by a device covering at least -1<11<1. Larger 
coverage than thjs is dearly desirable in. order to provide sensitivity to fluctuations in 
the observables between causally disconnected pieces of the "fluid". In addition, jet.s are 

4C .. 3 
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Figure 4C .. 2 A diag,.am of the TPC end-cap i7'ldicating the locations for the pad pla1le sectors and 
the pad rO'Ws. 

knoV\rr\ to radiate their final state particles over an interval of roughly I L\T}1=1 about the 
jet center, so that accurate reconstruction of the jet energy requires detection over this 1) 
interval. TPC coverage of -1<11<1 is adequate for particle 10 via dE/dx in the 1/J32 
region. At larger Tt, a large fraction of the tracks cannot be identified via dEl dx. The 11 
coverage requirement constrains the ratio of the outer radius to length for the TPC. Full 
azimuthal coverage is dictated by the requirements of observing as many final state 
particles as possible in a single event, and having adequate coverage for jets (which also 
have azimuthal ,extent 1[\4> I =1 radian). 

The magnetic field strength and radial dimensions of the TPC were set by more 
detailed considerations. These parameters are intimately connected and balanced. The 
field strength of 0.5 T is a com,promise behveen good lnomentum. resolution and good 
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acceptance into the TPC at low Pt (- 150 MeV/c). MOlnentum resolution is a strong 
function of the measu.red path length, requiring as sma1l an inner radius and as large an 
outer radius as is feasible. In addition, a small inner radius is desirable for accurate 
pointing to the primary vertex or connecting to tracks from the SVT. Due to the 
expected track density in central Au-Au collisions, an inner radius of 50 em is the 
practical limit; this is the point at which the percentage of merged track hits begins to 
rise rapidly. This is because of overlapping tracks which cannot be disentangled. An 
outer radius of 2 m, at 0.5 T, gives sufficient path length for adequate mornentum 
resolution at Pt -10-12 GeV Ie, which is the practical ptlimit for STAR from the point of 
view of count rate. The outer radius is constrained primarily by cost, as increasing the 
radius causes considerable increase in the cost of the surrounding trigger scintillator 
barrel (or TOF), the solenoid, and the EM calorimeter. The size is also constrained by the 
track density expected from a central Au + Au event. It would not be feasible, for 
exarnple, to increase the field strength while reducing the outer and inner radii. This 
would result in track densities which render the inner regions of the TPC unusable. 

4.C.2.c. Drift Gas 

The choice of gas for the active volume of the STAR TPC is made based on a 
compromise between the follo'w'ing 10 features: 

1) The gas mixture has to work at atmospheric pressure. 

2) The electron drift velocity must be > 2.0 crn/J.1.s at E < 300 V / em .. This is a strict 
limit on the electTic field, which is determined by the tolerances of the insulators on 
the field cages. It would be highly desirable to run well below this field. The drift 
velocity is restricted by the sampling rate and the limit of the SeA memory 
available. 

3) The drift velocity should be saturated at the nominal working drift field. This 
property is desirable in order to minimize variation in the drift velocity due to: 
inhoInogeneities in the electric field, pressure variations, and temperature 
variations. If it is not possible to operate on the saturation plateau, a H.V. feedback 
system will be implemented. It rnay be desirable to use a feedback system for 
velocity saturated gases and operate slightly off saturation. 

4) Small transverse and longitudinal diffusion to allow for good two-track separation. 

5) A large rot factor to reduce transverse diffusion in the presence of the 0.5 T B field 
and to reduce sensitivity to field errors. 

6) A high efficiency; this provides good dE/dx resolution and operation of the sense 
wires at low gain, which in turn permits low voltage on the sense wires and 
reduces the risk of sparking near dielectric boundaries. A gain of 1 Q4 should be 
achievable for a sense wire potential in the range of 1250 to 1500 volts. 

7) Negligible signal attenuation, caused by electron reattachrnent over the drift length 
(2.1 m) in the TPC . 

8) High drift velocity for positive ions in order to minimize the accumulation of space 
charge in the TPC drift volun1e. 

4C· .. 5 



STAR Conceptual Design Report Chapter 4C - TPC 

9) A low rate of aging and high resistance to high voltage breakdown. 

10) The gas should be affordable in view of the large quantities needed. It should be 
nonflammable, nontoxic, and should not require special safety precautions. 

These requirements cannot all be satisfied simultaneously and one therefore must make 
a compromise. We have studied the literature, including recent sse results. In addition, 
we have measured the properties of possible gas mixtures. Based on our findings and 
experience with TPCs (N.A36, E8l0, NA35, EOS, ALEPH), we have chosen PIO, an 
Argon/methane mixture (90:10), as the most suitable gas for the STAR TPC. However, 
we are still exploring mixtures based on neon, which would provide better momentuln 
resolution because of the reduced multiple Coulomb scattering within the drift volume. 
The drawbacks to neon mixtures are that the gas is more expensive, a higher drift 
voltage is needed to keep the drift velocity above 2 cm/J,ts, and the primary ionization is 
lower, requiring that the anode wires be nln at a higher bias. Also under consideration 
are various "slow-cool" gas mixtures. Table 4C-2 gives some of the relevant 
characteristics of these gas mixtures. Figures 4C-3, 4C ... 4, and 4C-S show these 
characteristics as a function of drift field. 

The longitudinal diffusion for Ar /CF4 is normally taken to be 420 Jlm/v'(cm) at 
E=120 V / cm. This is derived from detailed calculations of Biagil and confirmed by 
measunnents.2 However, there are new results from two independent measurements 
which we have made that show that the longitudinal diffusion is lower than previously 
thought. A value of 290 J..lm/v'(cm) has been obtained for PI0 with a drift field of 200 
V / em. It is interesting to find that this value is nearly the same for all gases, regardless 
of their specific composition, as shown in Fig. 4C .. 4 and again is entirely consistent with 
Biagi's calculations. The use of Ar le02, for exanlple, ,tVould not provide significant 
improvement over P10. 

The shaper amplifier time constant has been chosen to be 180 ns which is well 
suited for PI0 (diffusion = 320 J..lm/v'(cm), at E=130 V I cm) or other similar gases. The 
time constant (FWHM) is in fact calculated and plade comparable to the dispersion in 

Table 4C-2 The drift velocity and diffusion of some gas mixtures under consideration. Note 
that C1trans does not include the magnetic field as in Table 4C-l. 

Gas Mixture V drift (cm/J,lS) Olong (~m/"(crn» ~trans {J.Lm/v'(cm» 
Ar /eRi (90:10) 5.5 @ E = 130 V / em 320 540 
Ar / C02 (95:5) 2.5 @ E = 200 V / cm 250 300 
Ar/CF4 (80:20) 3.5 @ E == 100 V I ern -- --Ar / Cl-i4 / CO2 1.8@E=150V/cm 290 288 

1 R. Brockmann, et al., GSI Annual Progress Report (1989). Thornas Alber, Diplomarbeit der Fakultat fur 
Physik, Technische Universitat Munchen (1992). 
2 S.F. Biagi, NIM A283 (1989) 716. 
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Figure 4C-3 Drift velocity as a function of field for Pl0 and other gas nzixtures. 
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Figure 4C-5 Transverse diffusion as a function of field for Pl0 and other gas mixtures. 

the signal collection time for a cluster of ionization produced 2 m away from the pad 
plane. In this way ballistic pulse height deficit effects are avoided. 

There is one disadvantage in trying to seek out a gas with significantly less 
longitudinal diffusion which affects the shaper amplifier. The reason has to do with the 
shaping time constant and the fraction of the input signal which effectively contributes 
to the final output pulse. The formation of the input signal is mainly determined by the 
drift motion of the positive ions away from the avalanche region, which in turn, leads to 
the characteristic "l/t" dependence. Proceeding on the assumption that behaviour of 
the positive ions is unchanged in going to a cooler gas (with the same electron drift 
velocity), it follows that a shorter shaping time constant will integrate less of the 1 /t 
signal and consequently reduce the output signal. In fact, because the mobility of a 
positive ion is directly related to its mass, a cool gas which has a quenching component 
heavier than the CH4 will also yield a proportionately longer lIt tail signal. In that case, 
the output pulse is further diminished. 

The slow gases· that have been studied so far have marginally lower diffusion 
and their use adversely impacts the design of the electric field cage and the depth of the 
SeAs. The additional cost involved in fabricating a field cage with increased high 
voltage isolation is not justifiable. 

One has to keep in mind that cool gases, with their lower cot factor, will suffer 
greater drift distortions as a result of non-uniformities and misalignment of the fields. 

P10 is less sensitive to fluctuations in ambient pressure and temperature when 
operated on the drift velocity plateau. Nevertheless, small variations are still possible. 
'We believe that it is well worth the effort to provide some mean.s of compensation as 
this will simplify offline corrections. 

The idea of stabilizing the drift velocity by using an active feedback systern, 
based on photoelectrons emitted from the central TPC I-IV ntembrane during 
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ill umination by a UV laser has been tried and verified using the EOS TPC. This TPC was 
operated at just below the saturation velocity (E=100 V fern). The time of arrival of the 
electrons at the sense wires was recorded with a TDe. We concluded that drift time 
variations on the order of 1 ns are measureable using a multiple signal averaging 
technique. In terms of spatial disturbance, this corresponds to 50 J.1m after drift over a 
distance of 80 cm. For the STAR TPC we intend to 'lock-in' a 200 J,1m resolution 
(corresponding to a 10 ns time shift) at the furthest point away from the pad plane. Our 
results show that a 1 volt change on the field cage causes a 0.5 ns time difference. A 
swing of ± 20 V is therefore sufficient to achieve the desired amount of stabilization. 
Technically, it is easy to implelI\ent a computer controlled feedback loop 'which 
periodically adjusts the field cage high voltage power supply unit. 

4.C.2.d. Pressure 

TIle TPC will operate at atmospheric pressure. The disadvantages of increased 
pressure outweigh the advantages. The advantages are: 

• Increac;ed signal. 
• Improved dE/dx in the 1/P2 region. 
• Reduced longitudinal diffusion. 

The disadvantages are: 

• Increased expense for the pressure vessel . 
., Increased difficulty in accessing electronics and other com.ponents requiring 

service. 
• Increased multiple scattering in the drift gas. 
• Increased multiple scattering in the thicker inner field cage. 
• Increased field cage voltage to reach velocity saturation. 
fit Increased anode voltage required to achieve gas gain. 
• Increased drift distortion due to reduced rot 

4.C.2.e. E Field 

The required magnitude of the electric field is determined by the point at which 
the drift velocity is saturated. For PIO this corresponds to 130 V/cm. It is important to 
either run at saturation or control the drift velocity through active feedback to minimize 
the effect of environmental variations in atmospheric pressure and ambient 
temperature. 

4.C.2.f. Drift Velocit~ 

For the PIO gas mixture, the saturation velocity is 5.5 cm/)lS. 

4.C.2.g. Diffusion 

The longitudinal and transverse diffusion were estimated from recent 
measurements on PI0 performed by V. Eckhart (refer to Figs. 4C-4 and 4C .. 5). The effect 
of the axial magnetic field was included on the transverse diffusion term (see Eq. 4C-l1). 
The slow cool gases studied so far would have only marginally lower diffusion than PI0 
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(at most 20%). Therefore, it was not deemed worth the additional cost to enhance the 
field cages to stand off the higher required voltages and to increase the size of the SCAs 
(additional time buckets would be required for a slower gas). The cool gases also have 
the disadvantage of increased vulnerability to drift distortions caused by field errors as 
the result of reduced rot and to distortions caused by greater sensitivity to temperature 
and pressure gradients. 

4.C.2Jl. Shaping Time 

The time constant of the shaping amplifier is designed to be equal to the time 
dispersion in the collection of an ionization cloud which traverses the maximum drift 
length of the lPC. For PIO this is 180 ns. 

4.C.2.i. Sampling, Rate 

The sampling frequency is required to be sufficiently high so that at least 5 
samples over threshold are taken for each hit; thus, the centroid in the tiIne dimension 
can be determined with reasonable accuracy, - 1mm. It is also important that the 
sampling frequency be an integral fraction of the RHIC RF. RF noise is thus 
synchronous with the readout and can be subtracted on a pixel by pixel basis. We have 
selected 12,,3 MHz. 

4.C.2.j. Sam'plin~ De~th 

The number of time sampies needed is determined by the drift velocity, drift 
length, and sampling frequency. For PIO, an SCA depth of 512 samples is sufficient. 

4.C.2.k. Gas Gain 

The gas gain is the amplification factor of a prinlary ionization cloud caused by 
the avalanche in the proportional region of the TPC. The gas gain nlust be high enough 
to give adequate position resolution. The signal-to-noise on the pad directly under the 
track should be ~ 20:1, Le. the signal from a Ininimum ionizing particle must be 
amplified such that it is 20 times the magnitude of the electronic noise (which comes 
primarily from the pre-amplifier). The gain lnust be lo,,~ enough to be well within the 
proportional region in order to maintain dEl dx resolution. A gain of 104 fulfills both of 
these requirements. 

4.C.2.1. Anode Voltage 

The gas gain is determined by the a.node voltage, the wire diameters, and the 
wire plane separations. In order to achieve the required gain from the wire planes as 
they are designed, 1265 V must to be applied to the anode wire planes. 

~.C.2.m. AnQ~ Wirp:'~ 

The smaller the anode wires the higher the gas gain. However, the probability of 
wire failure also increases with reduced wire diameter. 20 J.U11 diameter wires are strong 
enough to minimize the nunlber of wire failures expected during the lifetime of the 
STAR TPC and still small enough to produce sufficient gas gain. 'Wires 20 Jlm in 
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diameter have performed well in several TPCs (PEP4, TOPAZ, ALEPH, DELPHI, and 
EOS), both in terms of stable gain operation and wire longevity. 

~C.2.I\. Anode Readout 

The signal on the anode wires which results from primary particles within the 
window 1 < I" I < 2 can be used as a fast measure of the multiplicity, and could be 
used as an inexpensive centrality trigger in that region. 

4.C.2.o. Dynamic Range 

The STAR TPC will require 10 bits of dynamic range in the el~ctronics channels 
for the pad readout. This resolution is needed in order to be able to avoid saturation for 
slow protons while still resolving the tails of the ionization distributions from minimum 
ionizing tracks (necessary for good position resolution). For minimum ionizing 
particles, a 20:1 signal to noise ratio is required. The most heavily ionizing tracks will 
have a dEl dx which is 10 times minimum ionizing, in addition tracks passing through 
the TPC at an oblique angle will deposit up to a factor of four more energy in a given 
pixel than a straight track. Thus at least 10 bits of dynamic range are needed . 

4.C.2.p. TPC Tolerances Imposed by Momenturn Resolution 

Stringent tolerance constraints are imposed on the TPC by the desire to measure 
particle momenta in excess of 10 GeV Ie. The position resolution required to achieve a 
given momentum resolution is obtained from the following expression for momentum 
resolution. This formula is valid for high momenta where multiple scattering is not the 
limiting factor: 

where 

p 

Ocp 
e 
B 
s 
n 
sp 

(GeV Ic) 
(m) 
(GeV Ie T-1m-l) 
(T) 

(m) 

(m) 

(4C-l)3 

- Projected momenhlm 
- Azimuthal position resolution 
- charge = 0.2998 
- Magnetic field 
- Track length 
- number of position measurements 
- Pad length 

This expression is for the measurement of a track with evenly spaced points. This is not 
exactly the configuration chosen for the final "fPC design, but the expression provides a 
useful approximation for determining tolerance parameters. The azimuthal position 

3 STAR note #14. 
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resolution,oq" which is required can be determined from Eq. 4C-l if we input the TPC's 
characteristics (B = 0.5 T, n = 50, s = 1.5 m) and the desired momentum resolution 
(Ml /P = 5% for P = 10 GeV / c). For this case, O'~ must be less than 570 J.Ull which can be 
achieved with current TPC technology. It is, however, necessary to limit global position 
tolerances in the TPC to smaller dimensions to achieve this level of momentum 
resolution. Again, the azimuthal tolerances are the most important in the determination 
of the sagitta for the stiff tracks for which momentum resolution is an issue. The global 
position tolerance, or sagitta error, can be expressed in terms of the individual position 
errors with the following formula: 

(4C-2) 

where M is the sagitta error for relatively straight tracks. The formula givesaf = 250 fJ.m 
for a single point azimuthal resolution of 570 Jlm and n, the number of measurement 
points along the track, equal to 50. The value 250 J.Ull sets the limit on azimuthal errors 
that can be tolerated in the data. Distortions and mechanical errors in the TPC must be 
either held to this level or correctable to this level. 

4.C.2.Q. Band E Field Uniformity 

This distortion limit sets tolerances on imperfections in the Band E fields in the 
following manner. In the following calculations, electron drift distortions are estinlated 
from an expression for the electron drift velocity which is explained in the following 
section quoted directly from ALEPH.4 

liThe drift velocity of electrons in the gas as. deri ved from the Langevin 
equation can be written as a function of electric field, E, and magnetic field, B, 

(4C-3) 

where 1.1 (=e1: /me) is the electron mobility, ro (=eB/me) is the cyclotron 
frequency and t is the mean drift time between two collisions with gas 
molecules. At snlall magnetic field (small COt) the first term donlinates and the 
particles dlift along the electric field lines; at la~e magnetic field (large rot) the 
third term is large, and Vo is almost parallel to 1J. 

'In the ideal TPC, E and 13 are exactly parallel and Eq. 4C-3 simplifies to Vo = 
)lE. In reality, however, one expects deviations due to small but finite angles 
between the fields. These can have two origins: 

a) A global angle between E and B ariSing from a tilt of the TPC field cage in 
the magnet. 

4 W.B. Atwood et a1.p NIM A306., 439 (1991). 
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b) Transverse field components due to inhomogeneities. These are expected to 
be dominated by the radial components Erl Brl since the azimuthal 
components Ecprl Bcpr are constrained by the cylindrical symmetry of the TPC 
and the magnet. 

The field components producing azimuthal coordinate shifts are more 
important than those producing radial shifts since ~e momentum resolution is 
mainly determined by the azimuthal coordinate resolution." 

As explained above, the most significant drift distortion in the azimuthal direction 
comes from the second term in Eq. 4C-3 which can be expressed as 

(4C-4) 

The azimuthal shift at the end cap is then 

L\x<pr = J v q,rdt = v7 tv cprdz 

- rot J (11: -§:) dz 
1 + (CiYt)2 Z Bz Ez 

(4C-5) 

This expression makes it clear that one is most sensitive to the radial components when 
QYt = 1. In this case the factor in front of the line integTal is 0.5. This was the operating 
'value for PEP4. For ALEPH, the factor is 0.11 (rot = 9). For the operating parameters of 
STAR (90% Ar + 10% CH4 and B :: 0.5 T), the factor is 0.4 (rot = 2.34). Operation with a 
cooler gas with rot somewhat less than 1 would be comparable. 

With the above formulas we can now consider a quantitative estimate of the 
allowable field uncertainties by setting the above expression equal to the permitted 
distortion. 

~(Br Er'H7 1 + {rot)2 
J I Bz - Ez r = ~f CJ)t = 0.7 mm (4C-6) 

z 

for ~f = 250 Jlm and rot = 2.34. This corresponds to an average value of 

I:~I = I~I == 3.3 x 10-4 (4C-7) 

for a drift distance of 2.1 m. This also corresponds to an alignment angle error between 
the E and B field of 0.3 mrad. Likewise an end cap deflecti9IE Af 0.5 mm over the 1.5 m 
distance from inner to outer field cage gives the same error, I tl = 3.3 x 10-4· 
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4.C.2~r. Pad Plane 

Pad Response Function and Two-Track Resolution 

The pad response fWlction describes the signal observed on a pad as a function 
of the position of the avalanche. Two points from different tracks are deemed 
indistinguishable if, at the same radius, th~y are close in both rep and the z-direction. The 
resolution in the rep plane (Le. in the pad plane) is determined by the width of the signal 
indu~ed along a pad row. Its variance depends on the wire-p'ad plane geometry, the 
amount of diffusion a single electron suffers while drifting through the TPC gas 
volume, and the crossing angle of the track. We have studied the pad response function 
and have determined the response widths for two configurations using short (8 x 12 
mm2) and long (8 x 20 mm2) pads. In either case an Ar/Methane (90:10) gas mixture 
was assumed. Note that these calculations do not use the final pad dimensions for the 
STAR TPC; they do, however, illustrate the effect of pad length. This exercise helped 
influence the decision to use 20 nun long pads in the outer sectors and 12 mm pads in 
the inner sectors. The narrower pad widths finally chosen for the TPC (6.7 and 3.35 mm) 
were selected to increase the likelihood of 3 pad hits, for which the best spatial 
resolution is achieved. 

Parameterization: 

The pad response function is approximately e-(x - Xo)2/2O'2 where x is the position 
of the avalanche along the pad row and Xo is the center of the pad. The characteristic 
width given by I 

2 2 2 (1 ~ O'prf == 0'0 + 0D A (1 + tan2 a) + D2 12 (tan a - tan P)2 + S2 tan2 CJ 

where, 

A - is the drift length (in meters) 
D ... is the sense wire spacing (4 mm) 
f3 .. is the Lorentz angle 
a - is the wire crossing angle 
S2 =Li i (Oi - is the sum over wire weights COi (where Li i rot = 1) 

(4C-8) 

The three terms correspond to an intrinsic pad response 0'0, determined by the wire-pad 
geometry in the amplification region, a diffusion terrn 0'0, and a term which accounts 
for the crossing angle of the track relative to the normal of the wire direction 0'0.' The 
angular dependence in the diffusion term originates from the projection of the effective 
track width onto the sense wire. By ignoring E x B effects5 , p = 0 and the third term 
reduces to, 

5 The tanf3 term accounts for the displacement of an electron trajectory along the sense wire due to the 
non-parallel E and B field components in the vicinity of the wire. The parameterization assumes a 
straight line approximation when in fact the actual v x B force is dependent on the local electrostatic field. 
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where, 

The intrinsic pad response, 0'0: 

2 
0' tan2 ex a 

(4C-9) 

(4C-I0) 

This has been measured by D.L. Fancher and A.C. Schaffer6 for 8 x 8 mm2 pads, 
using a wire-pad geometry similar to that proposed for the ST A~ TPC. The measured 
value of 0.362 em was found to be in close agreement with a value obtained from the 
EOS simulation utilizing 8 x 12 mm2 pads.7 

The diffusion term, O'D: 

The coefficient of the diffusion term may be written as, 

2 
2 0'0(0) 

O"D = (C + ro2t2 ) (4C-l1) 

where ~ (0) is the free field single electron diffusion, co is the electron cyclotron 
frequency I 't the mean collision time and C is a constant. 

A value of 0'0(0) = 540 Jlmrrcm was recently measured by V. Eckardt for PIO at 
130 V /ern. The values of rot and C were determined from the measurements made by 
S.R. Amendolia et al. 8, which yielded a value of CO't = 2.34 (B = 0.5 T) and C = 2.8. 
Inserting these values into Eq. 4C-l1, a value of on = 185 JlI1l/-Vcm was obtained . 

The angular wire term, (Ja: 

The final term in Eq. 4C-8 arises from the fact that the pad response is broadened 
for inclined tracks due to the effect of adding displaced Gaussian distributions from the 
contributing wires. The functional form of the summation, 52, is derived simply by 
calculating the dispersion in the signals induced on the pad due to earJ\ sense wire. 1he 
\tveights measure the relative wire-to~pad couplings of the wires. These were deduced 
from the measurements of the pad response function for 8 x 8 mm2 and 4 x 4 mm2 pads 
by D.L. Fancher and A.e Schaffer9, who measured the pad response both perpendicular 
and parallel to the direction of the sense wires. The ,results are consistent with an 
approximately Gaussian response with equal widf':l in the perpendicular and parallel 
directions. The pad response for an 8 x 12 mm2. and 8 x 20 mm2 pad nlay thus be built 

6 D.L. Fancher and A.C. Schafer, IEEE Transactions on Nuclear Science, Vol. N5-26 (1979), 150. 
7 PEP4: G. Lynch, PEP4 note TPC-LBL-78-17 (1978). ALEPH: S.R. Armendolia, et a1., NIM A283 (1989), 
573. DELPHI: C. Brand, et aI., Delphi. 85-56, Trak-15. 
8 S.R. Annendolia et at, NIM A244 (1986),516. 
9 D.L. Fancher and A.C. Schafer, IEEE Transactions on Nuclear Science, Vol. N5-26 (1979), 150. 
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up from summing the contributions of an appropria,te number of 8 )( 8 mm2 and 4 x 4 
mm2 pads. This procedure had already been undertaken for the 8 x 1:7. mm2 pad case to 
calculate the response for the EOS TPC10 and was calculated separately for the 8 x 20 
mm2 pads. These values are sunlmarized in Table 4C-3 together with other calculated 
and measured responses. 

Table 4C-3 Sum.mary of the values for O'afor variolls pad sizes. 

aa (em.) Oa (em) O'a (em) Ga (ern) 
8xB.mm2 8x 12mm2 8x16mm2 8x 20num2 

G.L 11 0.415 
G.R.12 0.400 0.490+ 0.567 0.632+ 
H.W.l.3 O."M6 
STAR 0.637 
DELPHI14 0.382 

t Result of simply scaling by the pad length, h. Scale factor = ~ 
The values obtained for the coe.fficients of the three terms in the pad response 

function in Eq. 4C ... g are listed below in Table 4C·-4 .. 

Table 4C-4 Surtlmary of the thre'e C1 
m.easureE for various pad sizes. 

8x 12mm2 8x20mm2 

0'0 (em) 0.362 0.362 
aD (em) 0.185 0.185 
(fa (em) 0.446 0.637 

The difference betw€'en the two pad configurations is reflected in their angular 
behavior as illustrated in the Table 4C-S. Short pads have a smaller value of 0'(1 which in 
tum provides better two-track. separation of low momentum tracks with large crossing 
angles. 

10 H. Wieman, EOSTPC note 174. 
11 G. Lynch, PEP4. no,t.e 'IPC-LBL-78-17. 
12 G. Rai, EOSTPC note 112. 
13 H. Wienlan, EOSTI>c note 174. 
14 C. Brand, el aL, Delphi 85-56, Track ... 15, 
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'fable 4C ... 5 Summary of the angular behavior for the two pad sizes. 

- -. O'ptncrn2 -a=Oo ex = 0° a=45° a =450 

Pad Size A=Ocm A = 200 em A.=Ocm A, = 200 em 
8x 12mm2 0.36 0.49 0.57 0.74 
8x20mm2 0.36 0.49 0.73 0.87 -

In order to quantUy two track separation, we have adopted a simple criterion 
that double 'hits' are considered clearly resolved provided the signal peaks along the 
pads are separated by at least the sum of the width of their respective pad response 
functions, aprf, plus the width of one pad. This is a conservative estimate but one which 
realistically describes the performance of traditional cluster finding algorithms. 
Therefore, the two track separation for the STAR TPC ranges from 1.5 em to 2.5 em (for 
a = 45° and A. = 200 em) along the pad row. Note that this is improved for the inner 
sectors which have 3.35 x 12.0 mm pads. 

Two signal pulses cannot be s,eparated in thne if their centroids are less than I1z 
apart, and this value is determined by three factors: electron diffusion, shaping tilne and 
the projected track segment along the drift axi.s. The latter is calculated from the pad 
length (h) and the polar (dip) angle e of the track. Let 6z represent the width of the 
pulse at 10% of full height and 1(J..lS) the fWliM shapin.g time. The total \vidth aT is the 
quadratic sum of the shaping,time constant and diffusion, that is sim.ply given by the 
expression ([t V D/2.3]2 + Cf,A.)'1/2 where Vo(cmlg§) is the drift velocity, aD the 
diffusion constant for Argon/Methane (= 300 ~m/"'crn ), and A(cm) is the, drift length. 
The resolution function, Az, depends on the ratio of the projected track length (h/ tan(e» 
to 0T, which i.~ denoted by~. For 13 greater than 3 

Az ::.:: hi tan(S) + 2.8 ( [t VO/2.3]2 + 0'~",)1/2 (4C-12) 

whereas for P less than 3, 

2 
Az = 4.6 [1 + h/12 tan(6)]l/2 ( [,; VD/2.3]2 + aDA.)l /2 

The intrinsic two .. track separation is set by the shaping time and is equal to 2.0 cnl. for 
the ).r/Methane P10 gas mixture. The shaping time matches the largest value of the 
diffu'don term, w'hich is at A = 20'0 em 'N'here the resolution decreases to 2.7 em. Table 
4·C .. -6 below lists the values of Llz (crrt) for various. dip angles and the two pad Si12S. The 
driL: length was kept fixed at 'A, =100' em and the angles where chosen to highlight the 
va7 ious regions of the TPC. The majority of tracks in the TPC win have pad row 
crf)ssings with dip angles less than 45° which in turn corresponds to a pseuclorapidity 
Cf)Vera,ge of approxirnately ± 1 unit. 

4C .. 17 
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Table 4C ... 6 Resolution as a function of dip angle for the two pad sizes. 

Dip ,Angle (9) degrees Short Pad (0.8 x 1.2 em) Long Pad (0.8 x 2.0 em) 

60 2.5 2.6 
45 (11 = 1) 2.6 3.5 
30 3.55 4.9 
20 4.7 7.C 

Projective geometry donlinates !!.z at sOlall dip angles, and clearly short pads are better 
than long pads. I-Iowever, in considering the short pad with dip angles greater than 400

, 

we find az is on the average influenced Inore by diffusion than projective track 
geom,etry. Therefore, since there is no gas mixture to our knowledge whose longitudinal 
diffusion constant is better tha.n 300 J.Lm/ em 1/2 and satisfies the design parameters, we 
believe our choice of using 2.0 em pads at large radius (R > 125 em) and short 1.2 em 
pads in the inner region (50 < R < 125 cm) is the optimum configuration for the STAR 
TPC. 

Basis of Design Choice 

The pad plane design for the inner radius module conlpromises the dEl dx 
resolution in order to improve the two track resolution in the inner region where track 
densities are high. Current technology and budget limit the pad number density. Small 
pads arranged in separated rows have been chosen such that the total number of pads is 
the sante as would have been required to fill the inner sectors with 8 x 20 rom 'pads. This 
choice reduces the total amount of track signal available for dE/dx by 3.5 % due to the 
gaps between ro'ws on the inner sectors. 11o\~ever, since we only use dE/dx for particle 
identification in the 1 1~2 re ion this is n.ot a serious problem, particularly, since dEl dx 
resolution dependc; on 1/ track length. The slnall pad size requires that the anode wire 
plane be moved closer to the pad plane, which results in an asymmetric placement of 
the anode wire plane with respect to the ground wire plane and the pad plane. Small 
pads with asynlmetric anode plane placement have been tested by V. Eckardt in work 
on the NA35 and NA49 TPC designs15, but further testing and prototyping will be 
required to verify this choice for STAR. Simulations will be performed to verify that 
tracking is not compromised by adding space between the pad rows. 

There are several trade .. offs implied by the choice of pad length that have been 
considered in the STAR design. Longer pads improve signal to noise for straight tracks. 
This can improve the positi.on resolution. Lower momentum tracks from the main 
vertex cross the pad row with an angle, a, greater than zero. This contributes a position 
error that increases linearly with pad length due the tana term (see Eq. 4C-17 from 
subsecUon 4.C.3.d). 'I1lis effect is quantified in Fig. 4C-6 by using Eq. 4C-3 and the 
calculated momentum ... dependent crossing angle. At low monlentum the position 
resolution deteriorates nlarkedly. However, this position resolution has been used to 

15 V. Eckardt's design work for NA35 pad planes. 
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Figure 4C-6 The position resolution as a function of pad length. 

calculate the momentunl resolution and the results are not quite as might have been 
expected. This calculation of the momentum resolution was done using the following 
forrnula16 which is the same equation as Eq. 4C-1 'tVith an additional term for Inu.ltiple 
scattering: 

(4C-14) 

The only ne'w paran-leters are ~, the particle velocity in units of c, and LR., the radiation 
length of the drift gas in the TPC. The radiation length of Ar at STP is 110 In. The 
resulting momentUIT\ resolution for 7t'S is shown in Fig. 4C-7 for several pad lengths. 
This shows that pad length is not an important factor for momentum resolution at low 
momenta. At lower momentum (p < 5 GeV Ie) the crossing angle is large, and therefore 
the position resolution is poor, however, in this momentum region the resolution is 

16 DELPHI and EOS resuits. 
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Figure 4C-7 The ",omentum resolution as a function of momentum for two different dip angles 
and three pad lengths. 

limited by multiple scattering. At higher momentum the longer pad has some slight 
advantage due to the improved signal to noise. 

The main negative consequence of large pad lengths is the increased time 
projection at larger di p angles. This factor was discussed in the previous subsection. 

4.C.2.s Cooling Sy~tem 

The cooling system must hold the gas temperature variation to less than 1°C in 
order to ma.intain a constant gas gain and a uniform dI'ift velocity. Note that if it is 
necessary to operate with a drift gas that is not on the saturation peak of the velocity 
versus field curve, then the temperature must be controlled to O.3°C. At this leve:l the 
position error in the z direction (drift direction) \,yill be 2.3 mm. This position error is 
D.lonitored using the laser system and can be corrected for offline. 
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i.Q. t Laser System 

The laser system is designed to produce a set of tracks at well defined 9 angles. 
This coverage will provide an on-line measure of drift velocity and a measure of rot. The 
beams follow the paths of stiff tracks radiating from the interaction region and can be 
used for correcting the sagitta of such stiff tracks. 

In order to minimize the error in the absolute position measurement of the TPC, 
it is necessary to account for both static and time .. dependent distortions in the drift path 
of the ionization cloud. Static di.stortions are the result of non .. uniformities in the Band 
E fields. A calibration system that provides absolute positional references is needed so 
that a deconvolution procedure, which determines the absolute spatial position from 
the raw pad and time bucket information, can be developed. Time-dependent 
distortions can result from changes in gas performance, changes in environnlental 
variables (temperature or atmospheric pressure), or spontaneous failures. A calibration 
system that can reproduce fiducial tracks is needed to monitor the TPC performance. 
The positional accuracy of the calibration system must be significantly better than the 
spatial resolution of the TPC. The system that has been selected to perform these 
function is a Nd:YAG laser which will produce 60 calibration beams within the active 
volume of the TPC. This is a sufficient nUlnber of beams to calibrate the TPC 
performance as a function of both 1'\ and ~. 

4.C.3. Capabili.ties of Subsystem 

4.C.3.a Overview 

This subsection outlines the ability of the central TPC to achieve the physics goals 
of the STAR experiment in the RHlC environment. The primary physics goals have been 
outlined previously in Chapter 3 and in the introduction to section 4.C. These include 
the inclusive study of particle spectra (subsections 4.C.3.c, e, and f describe the tracking, 
particle identificationp and momentum resolution required to generate spectra), flavor 
distributions (subsection 4.C.3.f describes particle ID through dEl dx, which 
demonstrates the capabilities to address K to 1t ratios), fluctuation analyses (subsection 
4.C.3.c), HBT correlations (subsection 4.C.3.g), and leading particle analyses (subsection 
4.C.3.e discusses the momentum resolution for stiff tracks.). Not.e that the simulations 
and analysis routines developed here focus on technical issues rather than the ultimate 
physics analyses. The additional constraints on the capabilities of the STAR TPC that are 
imposed by the RHIC environlnent are explored in subsections 4.C.3.i though m. 

4.C.3.b Simulations of the TPC Response 

Sinlulated events have been generated to test the performance of the central TPC. 
The Lund .. FRITIOF code has been used to create "Snn = 200 Ge V Au +.Au and. -.JS = 500 
GeV p + P events. GEANT is used to process these events. It contains infornlation on the 
pad plane desigr~ as well as the pOSition and composition of the surrounding material. 
The data are then passed through the STAR FaSt TPC Simulation program (FST) which 
ha.s been designed to simulate the response of the STAR TPC and the performance of 
the first level of the analysis software (the hit reconstruction algorithm). Input to the 
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FST program are the ZEBRA hit .. banks "rhich are output from the GEANT Monte Carlo. 
FST assigns each native Monte Carlo pad crossing a characteristic signal width and a 
spatial resolution, according to a parameterization which is dependent upon the track 
trajectory and the length of drift. The hits are smeared about the kn.own track position 
according to their calculated spatial resolution. Those hits which are then found to 
overlap in both the pad plane projection and in the drift direction are merged to form 
larger single hit clusters. The output of PST then forms the input of the STAR patte,m 
recognition program. 

The FST simulation has been written with flexibility in mind. The program is 
controlled by parameter files for easy modification of ,the TPC running parameters. It 
allows for investigation of different pad sizes and geometries. However, in the 
implementation of the simulation chain which is discussed in this document, the STAR 
TPC is simulated using a straight pad row geometry consisting of 75 rows of 8 x 20 mm2 

pads. This was the original design for the pad plane of the TPC. Simulations with the 
current TPC design, consisting of circular padrows and smaller 3.35 x 12 mm2 pads for 
the inner rows, are underway. 

Another feature of the simulation program is the ability to merge events prior to 
and following the triggered event. This is particularly important in the high luminosity 
environment of proton-proton collisions where non-triggered events will be registered 
during the time that the TPC volume is being read out. Overlapping events from the 
non-triggered beam crossings are displaced in time, according to the time elapsed either 
before or after the triggering event. This creates quite a different event shape from that 
created by a central silicon-silicon event, which has a similar total multiplicity. The 
average number of events per crossing are calculated from the beam bunch separation, 
the beam luminosity, and the inelastic cross section17 • The actual number of events in 
any given beam crossing is determined by a Poisson distribution whose mean is the 
calculated average number of events per crossing. 

For crossing angles up to 45"', the induced signal width on the pads are calculated 
by PST for each GEANT pad crossing. The first i.s obtained from a parameterization of 
the pad response18, which includes ternlS for the pad-wire geoo\etry, the track crossing 
angle relative to the pad, and transverse diffusion which is a function of the drift length. 
Previous measu.rements have demonstrated that this parameterization of the pad 
response is good for crossing angles up to approximately 45°. For larger crossing angle 
tracks, the approximation of a Gaussian pad response breaks down. In this case the 
pulse width on the pad plane ,is calculated from either the projected arc length of track 
subtended by the row or by a simple projection of the tangent to the track from the 
momentum vector at the center of the pad. TIle smaller of the two values is chosen and 
an additional term is added to account for the transverse diffusion which is a function 
of the drift length. Because the pulse width calet-lated from the track projection onto the 
pad plane is always larger than the pad response calculated at the same value of the 
crossing angle ... the pad response is scaled to meet to the projected width for crossing 

17 M.A. Bloomer, P.G. Jones and I.M. Sakl'e,jda, 
Evaluation of the performance of the STAR 'fPC for detecting p+p collisions at RHIC, STAR Note 57. 
18 P.G. Jones and G. Rai, The STAR TI>C Pad Response Function, STAR Note 33. 
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angles between 45° and 72°. Refer to subsection 4.C.2.r Table 4C-4 for more details (note 
that for the simulations a <ro of 230 J.Un was used). 

In the drift direction, the spatial extent of the charge distribution is simply 
calculated according to the track length projected over each pad, the longitudinal 
diffusion and the electronics shaping time. The hits are smeared with a resolution of 700 
J.1m which is determined by the longitudinal diffusion of the gas, the shaping time, and 
the sampling frequency19. The spatial resolution in the plane transverse to the drift 
direction is similarly parameterized as a function of the expected signal-to .. noise ratio 
(20:1), the transverse diffusion and the track crossing angle relative to the pad row20 • 
The hits are smeared about the known GEANT pad crossing using a Gaussian 
distribution function whose width (aprf) is given by the parameterization. The RMS 
resolution obtained on the pad row is approximately 770 J.1m for the 8 x 20 mm2 pads . 
For stiff tracks the resolution is 500 JJ.m. 

Hi ts are merged in the sitn ula tion according to their separa non and calculated 
spatial width in both the pad row plane and the drift direction. Hits in the same pad 
row are merged when their separation Il. is given by, 

L\pad < O'prf(l) + O'pn(2) + 0.8 em (4C-15) 

and 

Ilz < oz(l) + O'z(2) + 1.1 em (4C-16) 

The constant factors relate to one pad width and two time bins respectively, in the 
initial design specification of the TPC (namely 8 x 20 mm2 pads, vo= 5.5 cm/J.l.S and 512 
time samples). "'This places a cut-off on the deconvolution of close hits, related to the 
expected performance of the hit reconstruction algorithm, and results in a two track 
separation of approximately 2 em in the pad plane and 3.5 cm in the drift direction. 
Merged hits whose combined spatial width is smaller than 10 pad widths (8 em) and 20 
time bins (11 em) are preserved and written to the output file. 

In Fig. 4C .. 8 the total hit multiplicity for a central Au+Au event is shown as a 
function of the TPC pad. row number. The three distributions show the number of 
GEANT pad crossings, the number of hits from PST, and the number of those FST hits 
which are the result of merged hits. This indicates that 60% of the pad crossings are lost 
due to hit merging at the inner most pad row for 8 x 20 mm2 pads. Furthermore, 30% of 
the remaining hits are clusters of two or more hits. Preliminary results from the 
simulations employing the new pad plane configuration (circular pad rows, small pads 
on the inner sectors) suggest that on the inner radius 70% of the pad crossing are 
reconstructed. This is a substantial improvement over the 40% of the original pad plane 
design . 

19 W.B. Atwood, et al., CERN·PPE/91-24. 
20 P.G. Jones and G. Rai, The STAR TPC Pad Resolution Function, STAR Note 34. 
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Figure 4C-8 Total hit multiplicity as a function of pad row for a central Au + Au event. 

4.C.3.c Track FinQjng and Fitting 

Central colli.sions at RHIC are eApected to produce several thousand particles per 
central collision. The resulting track densities in the STAR TPe are compared with those 
nleasured and successfully tracked in the CERN NA36 experiment in Fig. 4C-9. The 
track densities measured successfully in the CERN N.A35 TPC lie between the STAR 
and NA36 values. Therefore, tracking in the ST AR TPC at RHIC should present no 
problem even at track densities an order of magnitude higher than expected. Pattern 
recognition for the STAR TPC has been based on an algorithm developed for the 
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Figure 4C-9 A comparison of track densities between NA36, and STAR. 
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ALEPH TPC21 . Modifications for the high track multiplicities encountered in relativistic 
heavy .. ion collisions has been made following experience gained with the CERN 
experiment NA36. 

The procedure for track reconstruction consists of the following steps: 

• Short track segments are formed by simple extrapolation. 
• A helix fit to each segment is performed. 
,. The segnlents are extrapolated using the helix parameterization. 
• Track segrnents from a single spiraling particle are merged. 

The formation of track segments starts at the outermost radius of the TPC where the hit 
density is lowest. Starting from each hit on the outermost pad row all possible 3-hit 
links are fornled with hits on the next inner 2 rows. Each link is then extended using a 
linear extrapolation based on the local gradient of the track. When the linear 
extrapolation fails, a helix is fit to each of the segments a.nd the best track candidate 
originating from any given hit is selected. The criteria for this selection are track length 
and X2 probability of the fit. The best candidate is preserved for later analysis and hits 
that belong to it are removed from the pool. This procedure is repeated, row-by-row for 
all of the hits remaining in the pool until the innermost pad row is reached. 

In order to extract the parameters which best describe the track, a helix is fit to 
the first half turn of the spiral. The helix fit consists of two independent components: a 
circle fit in the x-y (bend) plane and a straight line fit in the s-z plane, where s is the 
track length. The track length is calculated from the point on the track which is closest 
to the origin of the coordinate system. From the helix parameters a momentum vector 
may be calculated at any point along the track trajectory. 

In the next step, an attelnpt is made to assign more hits to each of the 
reconstructed segments and to merge fragmented tracks. At this point all of the hits are 
m.arked as unused and returned to the pool. Then starting from the longest segment, all 
hits that are consistent with the helix parameterization for each segment are assigned to 
a track and removed from the pool. After the addition of each hit, the track is refit, 
providing progressively better predictions for subsequent hits. In the process of track 
extension, hits rnay be removed from shorter tracks. If sufficient hits are claimed from 
another segment, this will result in that segment being dropped as a track candidate. In 
this way tracks which were reconstructed in two or more segments in the initial stages 
of track reconstruction, may be merged to form a single track. By starting with the 
longest track candidates, the most accurate extrapolations are undertaken first. This 
optim.izes the elimination of short track segments. 

The procedure described above does not, however, merge pieces of a track which 
result from different turns of a helix. This is because the helix extrapolation is 
performed only within one turn. In an attempt to merge pieces of spiraling tracks, the 
dip angles, momenta in the bend plane and positions of the centers are cOlnpared in the 
final track sample. Tracks with similar values of these pararrteters may be merged on 
the condition that they do not overlap in z. 

21 Status of Reconstruction Algorithms for ALEPH (Ed. J. Knobloch and P. Norton). 
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The track reconstruction algorithm is constantly under evaluation, and work 
continues in determining the efficiency by comparing reconstructed tracks with the 
Monte-Carlo information output from GEANT. Hits which are lost on the innermost 
padrows, due to hit-merging in the FST simulation, reduce the available track length for 
reconstruction and may lead to track fragmentation due to merged hits lying outside 
the tolerances of either of the parent tracks. In Fig. 4C-l0 the number of reconstructed 
track segments is plotted for .each Monte-Carlo primary track in a central Au+Au event 
within a pseudol'apidity interval of I" I < 1. An additional requirement is imposed that 
there should be at least 5 hits from FST available for each track since this is the lower 
limit for track reconstruction. This plot shows that the efficiency for reconstructing 
tracks in one or mor~ segments is approxiInately 91 %. In detail, 52% are reconstructed 
as a single track, 30% as two tracks and 8% as three tracks. Over the range of Pt from 150 
to 600 MeV Ie, the efficiency is a constant 93%, but falls off below 150 MeV Ie. The 
average efficiency 'of 91 % assumes that fine tuning of the track merging algorithm may 
greatly reduce the number of fragInented tracks. Improvements in the matching 
procedure are also expected with the better two track resolution which can be obtained 
by employing to 3.35 x 12 mm2 pads in the inner padrows. ' ' 

The quality of the reconstructed tracks is shown in Fig. 4C-l1. This quality is 
defined as the ratio of correct hits ~ssigned to a reconstructed track to the total number 
of hits assigned to the reconstructed track. As can be seen in the figure, less than 5% of 
the reconstructed tracks have a quality ratio of less than 0.8. The low quality tracks are 
primarily either low momentum or have a short useable track length in the TPC. 
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Figure 4C-I0 Number of reconstructed segments per primary input track 1,vith 1111 < 1 and 
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Figure 4C-l1 Quality index for reconstructed tracks. 

4.C.3.d Spatial Resolution 

Chapter 4C - TPe' 

1 

In this section we briefly outline the expected contributions to the uncertainty in 
space point reconstruction for two pad sizes: 8 x 12 mm2 and 8 x 20 mm2. This analysis 
is similar to that of subsection 4.C.2.r, however, in that subsection the width of the 
signal at the pad plane was determined in an effort to understand under what 
circumstances two-tracks could be separated. In this subsection, the uncertain.ty in the 
spatial resolution for isolated tracks is analyzed. The pad spatial resolutioI\ function is 
given by22, ' 

where, 

222 
(12 = 0" A + O's A. e'YA sec a + O"c eYA cos a tan2 a 

A .. is the drift length (in meters) 
a - is the wire crossing angle 
e'YA - is the inverse of an attenuation factor appearing in the denominator 

(4C-17) 

The three terms correspond to an intrinsic resolution C1A; determined by the signal-to
noise ratio on the pads, a diffu.sion term aB, and a term which accounts for the crossing 
angle of the track relative to the normal of the pad row. Experience with the EOS TPC 
has found the effect of attenuation, due to electron capture, to be n.egligible, therefore 
'Y ~ 0 and e'YA ... ~ 1. 

22 R. Sauerwein, TPC-LBL-83-18, and H. Aihara et al., IEEE NS-30(1983)76. 
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The signal~noise ter1n, (fA: 

The effect on the spatial resolution due to electronic noise on the pads can be 
determined from the simple prescription of G. Lynch 23. Here, the hit position is 
calculated from the pads with the two largest pulse heights. For a given x-position of 
the hit, X, the pulse height is determined from the Gaussian response function, 

h(x - x) := A e-(x - x )2/2cr2 (4C-18) 

where a is the width of the pad-response, x is the pad position and A is the maxinlum 
pulse height. For a hit at some point between two pads with centers Xl and X2, the hit 
position may be deternlined using, 

_ 0'2 1 ( h2) Xl +X2 
X=- n - + 

~x hI 2 
(4C-19) 

where ~x is the pad pitch (8 mm) and the uncertainty in x is then given by, 

(4C-20) 

Arbitrarily setting A = 1 and assuming a signal-to-noise ratio of 20 : 1, 8h2 = Bhl = 0.05. 
The best resolution is obtained when the track crosses between the two pads, 
whereupon the calculated resolution, assuming a = 0.362 cm24, is 213 J,Lm. In the worst 
case, where the hit is centered above one pad, the resolution deteriorates to 949 I..1.nl. 
However, if a three pad hit were registered, this would considerably improve the 
resolution. In this case the resolution would be approxhnately 666 ~lm. 

The diffusion term, ('fB: 

The coefficient of the diffusion term may be written as, 

2 
2 an 

O'B =No 
(4C .. 21) 

where aD is the coefficient of the diffusion from the pad response function and No is the 
total number of electrons liberated along the pad length. For a P9 (91 % Ar and 9% CH4) 
gas mixture at atmospheric pressure the mean ionization for a minimum ionizing 
particle is 100 electrons per cm25. Thus for 20 mm and 12 mm pads the value OfO"B was 
calculated to be 166 Jlm and 213 J..lm respectively. 

23 G. Lynch, TPC-LBL-78-17. 
24 P.G. Jones and G. Rai, STAR note 33. 
2S ALEPH Handbook, ALEPH 89-77. 
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. The angular wire terrll, erc: 
This term has been measured in the case of PEP426 ,with B = 0.4 T, E = 15 kV 1m 

using a no (80% Ar and 20% CH4) gas mixture at atmospheric pressure. Here, a value 
of O'c(8 x 8 mm2) = 665 ± 25 J..Illl was reported. Scaling this value by the pad length, 
calculated values of CJC for 20 mm and 12 Inm long pads are 1663 J,1m and 998 J,1tn 
respectively. ALEPH identifies this term as the angular pad effect, 

2 h2 

O'c = 12 Neff 
(4C-22) 

where h is the pad length and Neff is the effective number of electrons per unit length 
sampled by the wire. The value of Neff depends on diffusion, which provides a 
declustering effect for ionization f lu(;tuations along the track. Equation 4C-22 justifies 
the simple scaling assumption applied to the PEP4 data. Furthermore, using the 
measured result from the ALEPH prototype TPC .. 90, it can be shown that a suitable 
number for Neff is Neff = 12. Inserting this value into Eq. 4C-22, ac for 20 mm and 
12 mm long pads is found to be 1667·J.!m and 1000 JJm respectively. These values agree 
With those derived from scaling the PEP4 measurements above. 

The final values obtained for the coefficients of the three terms in the pad 
resolution function of Eq. 4C .. 17 are listed in Table 4C-7. 

Table 4C-7 Summary of the final values 
obtafned for the coefficients in the pad 
resolution function for 8 x 12 mm2 and 
8 x 20 rl1m~ pads. 

8x 12mm2 8x 20mn12 

O'A (Jlm) 440+ 440+ 
O'B (J.1m) 213 166 
O'c (J.1m) 999 1665 

+ Average value 

4.C.3.e Transverse Momentum Resolution 

An axial magnetic field like that of STAR allows a measurement of the transverse 
component of the momentum, pt. Low Pt particles (Pt ~ 1 GeV Ic) are important for the 
thermodynamic observables and HBT analysis. l-ligher pt particles come from the 
fragmentation of jets and rnini-jets. It has been suggested that the ratio of inclusive Pt 
spectra at large Pt for pp, pA and AA collisions at RHIC will enable one to investigate 
the effects of nuclear shadowing and quenching on jet and mini-jet production.27 The 
ability to make these physics measurements depends crucially on the single particle 
momentum resolution at both small and large Pt . 

26 R. Sauerwein, TPC-LBL-83-18. 
27 X. N. Wang and Miklos Gyulassy, Phys. Rev. Lett. 68, 1480 (1992). 
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A realistic study of the pt resolution using the standard STAR TPC Monte Carlo 
and track reconstruction algorithm was carried out in order to ascertilin the ability of 
the TPC, with and without the SVT, to meet the physics objectives of STAR Particles 
from central Au+Au FRI'II0F events were tracked through the STA]~ detector setup 
with all physi.cal processes turned on. In order to enhance the statistics of high Pt tracks, 
a finite number of high Pt pa,rticles were superimposed onto the FRITIOF Au+Au 
events. For this calculation the TPC were si.mulated using straight pad rows with 8 x 20 
mm2 pads. The momentum resolution was, evaluated by com,paring the transverse 
momenturrl of reconstructed and generated tracks. 

Figure 4C .. 12 shows the Pt resolution (= ilpt/pt) a~ a function of Pt. The inset 
frame is a blow",up of the results for pt < 1 GeV Ic. Track fitting was performed for two 
cases: 1) using hit information from the 'fPC alone (shown as bJack dots), and 2) using 
hit information from both the TPC and SVT (shown as open triangles). For the low pt 
tracks (Pt < 1 GeV I c), the mon\entum resolution (dominated by multiple scattering) 
reaches a minimum of 1.6% at Pt-O.4 GeV Ie, where the bulk of particles are produced. 
Below Pt=O.4 GeV I c L\pt/pt gfOWS due to the 11JJ factor in the multiple scattering term. 
As Pt ir . ...:re iSeS beyond 1 GeV/ c, ~Pt/pUVows linearly \vith Pt and is dODlinated by the 
POSitiOl\ resolution of the TPC hits. The Pt resolution increases from 3% at a Pt of 3 
G:eV Ie to 14% at 12 GeV Ic~ The curve represents an analytical formula for the Pt 
resoltlti(~m,?8, where some adjustment of the parameters of the curve have been made to 
optimi2.C ~he fit. 

The pad size of 8 x 20 mm2 is not snlall enough to differentiate hits from close 
tracks in the inner rows of the TPC for the high particle density environment of Au+Au 
collisions. lienee the usable path length for tTack reconstruction is reduc'ed and the 
momentum resolution deteriorates. Quantitatively, a track with a Pt of 5 GeV I c has a 
resolution of 2.9% when it is tracked alone in the TPC and deteriorates to S.4% wI 2n. 

superimposed on a (.:entral Au+Au event. The SVT has a much smaller pixel size than 
the TPC which significantly enhances the hit position resolution close to thl~ primary 
vertex. The inclusion of SVT hits in the tTack fitting improves the Pt resolution by a 
factor of two or n'lore for the high Pt tracks. This improvement is a consequence of the 
addition of a few well defined hits close to the priInary vertex, which increase the 
effective path lengch for track fitting. Perfect matciling of "fPC hits with t.he SVT hits 
was assu.med. Inrlusion of the primary vertex as a point in the helix fit will provide an 
improvernent in the momentum resolution t~ At is comparable to that observed when 
the SVT points are added. This technique i&; only helpful for primary tracks. 

28 Data Analysis Techni.ques ior High Energy Physics Experiments, R.K. Bock, H. Gl'ote, D. Not.z, M. 
Regier (Cambrigde: Cambridge University Press, 1990) pp. 310-3. 
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Figure 4C .. 12 Pt resolution as a function o/pttor both the TPC only and TPC + SVT cases. 

A design employing circular pad rows for the TPC should improve the 
momentum resolution for high Pt tracks. Studies of Pt resolution for circular pad rows 
and reduced pad size for the inner sectors are in progress. The impact of the mOInentum 
resolution on the HBT measurement is discussed in section 4.C.3.g. 

For high Pt tracks, the main effect of the momentum resolution on inclusive pt 
spectra is to skew the distribution toward higher Pt values. This effect is shown in Fig. 
4C .. 13, which displays the ratio of a momentum resolution ~'slneared" distribution to the 
same "unsmeal'ed tl distribution, using the pt resolution of the TPC with and without 
SVT hits as shown in Fig. 4C-12. The unsmeared distribution is oc: pt(l + Pt/1.8)-12.14, 
which is a parameterization. of the inclusive charged particle spectrum for PI' collisions 
at {S = 200 GeV.29 Note that the ratio is monotonicaily increasing with pt. Gluon 
shadowing and jet quenching are expected to reduce dramatically the yield of charged 
pa.rtides for Pt > 2 GeV I c from central Au+Au collisions.3o In order to disentangle 
gluon shadowing from jet quenching, it: is necessary to study pp and pAu collisions up 
to Pt = 6 GeV leas well. The deviation of the smeared distribution. from the unslneared 
parent distribution is 011 the order of a few percent" in the Pt region of 2 .. 6 CeV / c for 
TrC tracks without SVT hits. If the SV r hits are included the effect of smearing is 
minimal all the waY'out to Pt = 10 GeV Ie. With the present simulation we conclude that 
the 'fPC alone should provide suffident Pt resolution for a study of inclusive spectra up 
to Pt = 6 GeV / c, and the addition of SVT hits extends this Pt limit to above 10 GeVI c. 
Note that for stiff tracks, use of the reconstructed primary vertex location would 

. 29 C. Albajar et at (UAl Collaboration), Nud. Phys. B33S, 261 (1990). 
30 '\( ~T \A1~ ... ,.. "' .... ,..a "Ala,l"' .... ro •••• t ......... "._l_,~ 'T'T. \r " .. ~,... #,. •••• y, -"0 .......... ., ........ v ... """ Y u .... I:"\.,Y, M..I'U"" .... -, , '-;7" -1i.J. 
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Figure 4C-13 The effect of momentum resolution on the measured yield assuming measurement 
with TPC alone (solid) and TPC + SV'T (dashed). 

have an effect comparable in magnitude to that observed when SVT hits are included, 
and it is safe to assume th~t stiff tracks originate fron, the primary vertex. 

~.C.3.f g.E/dx and Particle Identifici\tjQn 

For the purpose of predicting the dE/dx resolution of the STAR TPC, we use the 
simulation chain consisting of the Lund/FRITIOF event generator, GEANT, the FaST 
simulator ana the tracker. To predict the truncated mean dE/dx signal associated with 
each recon.structed track, we use empirical expressions (detailed belol-v) which have 
consistently describ(~d dEl dx resolutions of previous detectors. An alternative 
procedure is to use GEANT to generate the individual dE/dx samples associated with 
each hit on each track and then to apply a truncation. This scheme has not yet been 
tested for STAR, but in the case of the BOS TPC, the empirical approach gives a more 
accurate description of the experimental data. 

Cowan31 has reported the following parameterizati.on for the dEl dx resolution 
observed in the PEP4 TPC for both minimum ionizing particles, and particles in the 
relativistic rise region: 

O"dE/dx = {a/N +'b (1 + eN + d 190· - e I) (dE/dx)trunc. (4C-23) 

where N is the number of samples and e is the polar angle with respect to the beam 
direction; the fitted coefficients a, b, C I and dare 0.168, 4.62xl0-4, -5.46><10-4, and .. 0.258, 
respectively. Cowan has also reported t.hat the resolution. improves as (dEl dx)-o·35 in 
the 1/ f32 region. 

31 Glen Cowan, Ph. D. thesis, LBL-24715 (1988). 
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A widely llsed empirical expression, first described by Walenta32 and by Allison 
and Cobb33, describes the resolution at minimum ionization, for N dE/dx samples of 
length h em in argon gas with up to 20% eRa at a pressure of P atnlospheres: 

CldE/dx = O.47N-o·46 (Ph)-O.32 (dE/dx)trunc. (4C-24) 

The N-dependences specified by Eqs. 4C-23 and 4C-24 are quite sinlilar, and Eq. 4C-24 
is averaged over the relatively weak a-dependence described by Eq. 4C-23. Many 
detector groups have reported resolutions34 consistent with Eq. 4C .. 24. Their results are 
summarized in Table 4C-8: 

Table 4C-8 A summary of the dE/dx resolution from other detectors . 

Observed 
Detector N h(cm) P (atm) a(%) Eq.4C .. 24 

SLC MARKll 72 0.83 1.0 7.2 7.0 
CESR CLEO 51 1.4 1.0 6.5 6.9 
TRISTAN TOPAZ 175 0.4 3.5 4.6 3.9 

LEP DELPHI 192 0.4 1.0 5.5 5.6 ... 
PEP PEPTPC 183 0.4 8.5 3.4 2.9 
LEP ALEPH 340 0.4 1.0 5.1 4.3 
LEP OPAL 120 1.3 4.0 3.4 3.1 

We use Cowan's formula, c;caled for P = 1 atrnosphere and h = 2 em using Eq. 4C-24. 

Figure 4C-14 shows the simulated distribution of N for reconstructed tracks with 
40· S a s 140· (1111 < 1.01) in a central Au + Au event. About 1/5 of the reconstructed 1t's 
and more than 1/3 of the reconstructed K's decay in the TPC, so even for an ideal 
tracking detector with perfect reconstruction efficiency, the distribution of N within 
111 , < 1 will include many entries at low N. Figure 4C .. 15 shows the corresponding 
prediction for dEl dx versus rnomentum for all tracks with N ~ 20 in 4 central Au + Au 
events. Near 100 NleV Ic and below, some Jnarginal separation begins to open up 
between the band for pions and the band for muons resulting from the decay of slow 
pions. However in such cases we can Inore efficiently identify the muons by decay 
topology rather than dE/dx. We find that N, which is the most important parameter in 
determining the dEl dx resolution, is only weakly correlated \lvith other variables such 
as momentum in this range of 9. Consequently, we can greatly inlprove statistics while 
preserving the main features of Fig. 4C-lS by bypassing the normal simulation chain 
and randomly assigning N-values according to Fig. 4C .. 14. Figure 4C .. 16 shows this 
simplified simulation of dEl dx versus momentunl for tracks from 100 central Au + Au 
events. Above about 2 GeV /cp dE/dx resolution is good enough to separate most kaons 

32 A.H. Walenta, Nud. Instr. and Meth. 161,435 (1979) . 
33 W.W.M. Allison and J.H. Cobb, Ann. Rev. Nuc1. Part. Sci. 30,253 ('1980). 
34 Compilation from Symposium Ort Particle Identification at fiigh Luminosity Hadron Colliders, Ferm.ilab, G. 
Lynch (1989). 
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Figure 4C-14 The distribution of the number of usable dE/dx samples associated with each track 
within 11]1 < 1 for one central Au + Au event. 
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Figure 4C .. 15 dE/dot vs. momentum for all tracks within 11] I < 1 and with N J! 20 for 4 central 
Au + Au events. 
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and protons fronl pions (but not from each other). Figure 4C-16 demonstrates that the 
population of tracks in the relativistic rise region is very low, and dE/dx information 
from this region is insignificant in terrn~ of its contTibution to the overall percentage of 
identified particles. However, ror~he f~urpo5e of flavor tagging of leading particles in 
jets, dE/dx might still provide sori:u~~:isef\!ll information; this question deserves further 
study. Assuming that we utilize:~~El!jx iriformation only in the 1/~2 region, where the 
separation between bands increases very strongly 'with decreasing momentum, some 
degradation of dE/dx resolution due to uncorrected instabilities in gas gain could be 
tolerated. Overall, we conclude that reliable identification of kaons and protons C~.'n be . 
achieved below momenta of 0.6 - 0.7 Ge V / c and 1.0 - 1..1 Ge V I c, respectively. 

Figures 4C-15 and 4C-16 show the expected incidence of electrons from Dalitz 
decays of the 1t0 and from 'Y conversions. The contamination of the pion sample by such 
electrons is only at the level of a couple of percent where the pion and electron bands 
intersect. There is even less contamination in the case of kaons. Because of this 
relatively small number of electrons, the dE/dx information froni the TPC is not critical 
for separating electrons from other particle species. 

An important consideration for HBT studies is whether global tracking 
algorithms such as elastic tracking35 might be used to rneasure the relative momentum 
of pion and kaon pairs in cases where the two particles are unresolved for most of thei.r 
track length in the TPC. For those cases identified by elastic tracking as overlapping 
tracks, identification of the particle species via dE/dx can be made as shown in Fig. 
4C .. 16. The lower (upper) dashed line in this figure shows the position of the dE/dx 
band for two overlapped pions (kaons) and the dotted lines show the positions of other 
possible overlapped cases: 1te, 1tk, 1tp, ke, and kp. Since an overlapped pion pair is much 
more probable than any other overlapped pair, Fig. 4C-16 indicates that dE/dx could 
help identify overlapped pions over mos.t of the available phase space. Identification of 
overlapped kaon pairs through dEl dx ;,S much more difficult because of the low rate of 
such pairs and the fact that they are close to the proton band for momenta above about 
0.3 GeV/c. 

35 M. Gvulassv and M, Harlander', Nuc1. Instr. and Mpth. (jn nrp~". lqQ?). 
.... ' .. .. ••• r ",... ~ • 
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Figure 4C-16 Same as previous figure, except that a simplified simulation has been performed 
which allows higher statistics (100 events). The dashed and dotted lines ShC1W the expected dE/dx 
f07' particle pairs whose relative momentum is too small for them to be resolved as separate tracks 
(see text). 

4.C.3.g Hmbury-Brown Twiss (HBT) Corn~lation Analysis 

Correlation functions of identical final state particles contain inform.ation on the 
space-time dimensions of an emitting sour.ce. Many experimental efforts have utilized 
two-particle correlation functions of identical particles to gain an understanding of the 
dynamics of nucleus .. nucleus collisions. There are several physical effects 
(hydrodynamical evolution, resonance decays, presence or absence of a phase 
transition) that may contribute to the source lifetimes and radii extracted from such 
correlation functions36, so that only a detailed experimental study may significantly 
constrain theoretical Inodels describing the collisions and give insight into the 
contributions of the various physical effects. The large value of dN/dl1 expected in 
central Au-Au collisions raises the possibility of measuring the source radius on a single 
event basis, so that anonlalous radii can be correlated with other measures of unusual 
dynamics to identify interesting events. lioweve'f, this is a denlanding task requiring 
sufficient statistics at small relative momenta to give a sufficiently precise result:. 

The phase space of a pair of identical particles can be described by six variables: 
the rapidity y, transverse momentum Pt, azimuthal orientation q> of the mean 
mornentun\ vector of the pair, and the components of the three .. moxnentum difference 
vector Q=PI-P2 defined in the laboratory frame of reference. The Lorentz invariant 4-
momenturn difference Q is related to q via c;p. = qo2 .. q2. In the following discussion, we 

36 S.Padula, M. Gyulassy and S. Gavin, Nud. Phys. B329 (1990) 357. 
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will consider the coDlponents of q which are in the beam direction qbe&.m1 parallel to the 
mean momentum of the pair in the transverse plane qpar, and perpendicular to the 
mean Pt qperp These are the appropriate components for studying a boost invariant, 
longitudinally expanding source 37. In addition, due to the cylindrical symmetry of 
STAR, the resolution of the transverse components of q are independent of z. 

The azimuthal orientation of the pair is not relevant for inclusive measurements. 
The interval covered by the STAR TPC with particle identification is 1111<1. This is 
expected to lie within the plateau (boost invariant) region, and the physics of the 
reaction volume is not expected to depend on 11 in this range. Though there may be 
interesting classes of events with varying structure within 1111 < 1, we do not consider 
this possibility for the calculations presented here. Rather, we discuss correlation 
functions integrated over 1111 <1. We therefore expect four dimensions of phase space, 
namely (Pt,q), to be fruitfully explored with identical particle correlation functions. 

The transverse radii that will be measured at RI-IIC are unknown; however, 
extrapolation from current, lower energy measurements38 suggests radii of magnitude 
12-15 fm. We therefore set as our goal the ability to measure radii as large as 20 fm. In 
order to study STAR's capability of doing this it is necessary to track correlated pions 
generated from such a source through the full simulation and then fit the resulting 
correlation function. We have not yet performed such a detailed simulation. However, 
we can obtain an idea of what is required as follows: the conjugate momenturn to 20 fm 
is 10 MeV Ie, which will roughly be the value of the inflection pOint in the correlation 
function. If we demand at least two bins within the inflection point, we arrive at the 
requirement to resolve pairs having momentum difference -5 MeV Ie. 

From the experimental point of view, there are four principal difficulties in 
carrying out correlation measurements: q resolution (i.e. two-track Dlomentum 
difference resolution), particle identification, rate, and pair reconstruction efficiency. 
The pair reconstruction efficiency in the TPC is strongly dependent upon the tracking 
algorithm used. W'e have not implemented an algorithm optimized for tracking close 
pairs, so we do not discuss the efficiency here. We address each. of the other points 
separately. 

(i) q Resolution: 

qpar probes the longitudinal source radius and temporal extent of the source, 
and qperp probes the transverse source radius. The resolutions of qpar and qperp in the 
STAR TPC have been studied using the standard STAR sinlulation ana tracking 
algorithms (sections 4.C.3.b and 4.C.3.c). Pion pairs of a given qpar and qperp, for a 
single particle pt around 250 Me V / c in the region of central pseudorapidity, were 
tracked in the TPC and the resolution was obtained by comparing the reconstructed q 
values with that of the input pairs. A pad size of 8 x 20 mm2 was used in the simulation, 
and a nlinimum of 15 hits was required for each track of the pair . 

37' M. Gyulassy and S. Padula, Phys. Lett. B217 (1988) 181. 
38 R. Stock, Ann. der Physik! 48 (1991) 195. 
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Figure 4C-17 shows typical qpar and qperp resolutions for either qpar or qperp 
restricted to a 5 MeV wide bin ana the other component with the indicated value. 
Typical resolution of qperp is 5 MeV Ie, while that of qpar is 10 MeV le. Using the 
criterion of at least two bins within the inflection point of the correlation function, the 
corresponding maximum measurable source parameters are 20 fm in the transverse 
direction and 10 fm in the !ongi tudinal .. temporal direction. 

The inclusion of hits from the the SVT is expected to improve the qperp 
resolution but not the qpar resolution. Future developments that may improve the 
resolution for HBT are the development of tracking algorithms sp~dfically targete(' 
close pairs, and the in\plementation of smaller pads in the inner ahd outer radius pf . ,.le 
TPC to enhance the two-track separation capability. 

(ii) Particle Identification: 

The particle identification (PI D) capabilities of the STAR TPC are addressed in 
sub-section 4.C.3.f. For HBT, the PIO requirement is to identify a pair of tracks that are 
dose in momentum space and which are possibly overlapping through a large portion 
of the TPC. This is especially itnportant for KK HBT measurements, where positive 
i~entification is essential. It has been shown39 that the increase in pulse height for two 
tracks integrated together relative to one track leads to an increase in dE/dx resolution. 
However, distinguishing a pair of kaons from a pair of pions requires higher resolution 
than the single track case because of the presence of "interpolating" 11:1< pairs between 
the dEl dx bands of 1t1t and KI<. In addition, in so.me momentum ranges the dEl dx band 
for KK overlaps that for single protons (Fig. 4C-16), so that unique identification of a 
pair of tracks using only dEl dx information is not possible. Global tracking algorithms 
such as Elastic Tracking 40 must be used to recover q resolution for such overlapping 
tracks. A basic property of these algorithms is their ability to distingUish single from 
double tracks based on the geometry of the charge distribution as a function of distance 
along the track. Thus, dEl dx information combined with geornetrical charge 
distribution information may permit q resolution and unambiguous identification for 
close-lying pairs. However, this proce:iure contains ma.ny uncertainties and requires 
significant development before it can be shown to be feasible. 

39 P.Jacobs, STAR Note #12. 
40 M.Gyulassy and M. Harlander, NIM in press, Compo Phys. Comm. 66 ('1991) 31. 

4C-38 

.1 

• 

• 

• 

• 

• 

• 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

40 

35 

30 

25 

20 

15 

10 

5 

STAR Conceptual Design Report 

2.327 
27.Jj7 

0.1287E-01 
0.4844[-02 

~=10 MeV/c 

q,.,.=O-5 MeV/c 

24 

20 

16 

12 

8 

4 

Chapter 4C - TPC 

O.t155 
20.18 

0.1 Q.5f;-Dt 
0.4542£-02 

q,.,,= 15 MeV Ie 
q,.,.==O-5 MeV Ie 

o 0 0.01 0.02 0.03 0.04 
o o 0.01 0.02 0.03 0.04 

20 

17.5 

15 

12.5 

10 

7.5 

5 

2.5 

qpwp in GeV / c 

1.607 
16.1" 

0.98<411[-02 
0.8902E-02 

ql*1l= 10 MeV Ie 

16 

14 

12 

10 

qp.ttp in GeV/c 

0.8955 
12.97 

0.1~7VE-ol 
o 0.8985E-02 

q~==15 MeV/c 

qil'Gr'p==O-5 MeV/c 

o 0 0.01 0.02 0.03 0.04 

8 

6 

4 

2 

o 
o 0.01 0.02 0.03 0.04 

qporo in GeV / c qporo in GeV / c 

Figure 4C-17 Reconstructed Lorentz invariant rflomentum resolution in the STAR TPC for a 
pair of pions; 7]~O, PT=250 MeV/c. Upper panels: reconstructed qperp for input qpar < 5 MeV/c, 
input qperp = 10 MeV/c (left) and 15 MeV/c (right). Lower panels: reconst~ucted qpar for input 
5 < qperp < 10 MeV/e, qpar = 10 MeV/c (left) and qperp <: 5 MeV/c, qpar = 15 MeV/c (right) 
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(iii) Rate: 

To investigate the rate question l we have studied the phase space density of q 
within a simple but representative Monte Carlo model for which high statistics could be 
generated. Uncorrelated particles were generated uniformly in azimuth and rapidity 
and with single particle Pt distribution 

p . e-(p,/T) 

P(p,)dp, :::~r-dp, (4C-25) 

with T-=200 MeV Ie for pions and T=400 MeV Ie for kaons. This distribution is a 
reasonable match to the Pt distributions generated by FRITIOF, given in Figure 10 of the 
original STAR LO!. The different T parameters account for the differing <Pt> between 
pions and kaons. dN I dl1 was chosen to be the number of pions or kaons of a single 
species identified via dE/dx in the STAR TPC41: dN/dll(1t)=200, dN/dll(K)~10. The 
following results can be scaled by (dN/dl1)2 to obtain rates for other multiplicity 
densities. 

Dynamical information may be obtainable by studying correlation functions 
through multi-dimensional binning of (Pt,q) space. Such binning of phase space is 
clearly only achievable on an inclusive basis, especially for high Pt. Table 4C-9 shows 
the number of pairs per 100 days for a single species of pion or kaon within various bins 
of pt and magnitude of the Lorentz invariant momentum difference Q. Correlation, 
Coulomb and strong i.nteraction effects have not been accounted for. Coulomb 
repulsion is especially'~; I,tportant for kaons, where the net effect of correlation and 
Coulomb repulsion is expected to decrease the rate by a factor -5 at smal1 Q .. Since 
Table 4C-9 gives rates only as a fu.nction of Q, rates for binning simultaneously in 
components of q will necessarily be smaller than those given in the table. The expected 
rate of pion pairs is adequateJor fine phase space binning at low Q «10 MeV Ic) up to 
at least Pt = 700 MeV Ie, which is the limit for 1t-K particle identification via dE/dx. The 
rate for close kaon pairs is much smaller, reflecting the much lower dN / dll for kaons. 
Fine phase space binning appears impossible ill this case. K-K correlation 
measurements at STAR will be possible only on an inclusive basis. 

41 W. Christie, STAR Note #7. 
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Table 4C-9 Rates within 1111 <1 for uncorrelated pairs of close 
tracks for a single species of n or K if' central Au-Au events at' 
STAR, within selected bins of me4n pt of the pair and Lorentz 
invariant momentum difference Q. dN/d11 (n)=200, 
dN/dT/(K)=10; these are roughly what is expected for one 
species of cha"ged 1& or K identified via· dE/dx in the STAR 
TPC . Calculation of the number of pairs per 100 days is based 
on a rate ofl central Au-Au event recorded per second. 

Pt bin Qbin # pairs /100 days 
(MeV/c) (MeV/c) ~1 eventlsecl . 

1t K 

75 < pt< 125 5 < Q < 10 3 x106 500 
20<Q<25 2 x 107 5 x t()3 

175 < pt<225 5 <Q <10 2 x 106 300 
20<Q<25 107 3 x 1()3 

275 < pt<325 5<Q <10 9 x 105 200 
20 <. Q < 25 7x 106 2 x 1()3 

575 < pt<625 5 <Q <10 7x 104 <10 
20<Q<25 6 x 105 300 

875 < pt<925 5 <Q <10 1()3 <10 
20<Q<25 2 x 1()4 50 

Chapter 4C .. TPC 

In order to study in more detail the STAR detector's sensitivity to the pion source 
parameters, we have generated correlation functions and analyzed them according to a 
procedure which involved: i) generating the two particle phase space distribution 
associated with a given number of events, N, ii) creating a Monte Carlo correlation 
function, with its error bars, by using a Gaussian (in Q) source parameterization with an 
assumed radius, R, and iii) extracting the source pa,rameters and their associated 
confidence intervals. The effect of the di-pioll Coulomb interaction had been included 
(this increases the error bars in the low Q region), and the assum,ed chaotici ty 
parameter, A, is unity. No attempt has been made to include the effects of two-particle 
acceptance or the pair tracking efficiency. The assumed source radii are 1, 10 and 20 fm. 
TIle motivations for the selection of these radii are: i) the observation of pp collisions, 
strong correlations between the momentum and spatial distributions of the secondaries, 
or of spatial inhomogeneities during rehadronisation42, ii) the observation of the 
projectile radius, and iii) the observation of a source 'whose size follows (dN / dll)1/3 
scaling. The results for data sub-samples of 1, 10, 100, and 1000 events are presented in 
Fig. 4C-IB. This figure provides a gauge of the number of interesting events of a given 
class (i.e. events with anomalously large charged multiplicity, anomalous Kilt ratio, 
etc.) necessary in order to determine the invari.ant source radius for this class to a given 

42RE2 Hadron Subgroup Report, p. 10. 
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Figure 4C-18 A plot of the sensitivity to the (invariant) source radius as a function of event sub .. 
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sample size. Note that dNn;-/d11 = 200 and Pt > 150 MeV/c. • 

level of sensitivity. It also demonstrates that for the cases of 1 and 10 fm, single .. event 
HBT can be performed to the 20-300/0 level of sensitivity; note that there is effectively no 
sensitivity to the invariant source radius for the single-event analysis of a 20 fm source. 
In order to further pursue single-event HBT analyses for 20 fin sources, cases with Pt > 
40 Mp. V / c, and dN / d 11 (x-) = 500 were considered. The increased acceptance at low Pt i'3 
provided by tracks reconstructed in the SVT. This enhances the number .of pairs at low 
Q as there is a correlation between low relative momentum and low Pt. The assumed 
pion multiplicity density is exotic when compared with the predictions of conventional 
Monte Carlo calculations such as FRITIOF, but is not at the extremes predicted by 
simple calculations based upon 'the Bjorken picture and entropy conservation 
throughout hadronization43,44. A typical correlation, function generated according to 
these relaxed assumptions is presented in Fig. 4C-19. We conclude that single-event 
HBT is feasible with sensitivity at the 30% level for a 20 fm source. 

4.C.3.h Primary Vertex Localizatipn 

Reconstruction of the primary vertex is important for,identifying multiple events 
Jl:n STAR. Tracks reconstructed in the TPC can be used to determine the prirnary vertex 

43J.0. Bjorken, PRO 27 (1983) 140. 
44 G. Bertsch et at, PRD 37 (1988) 1202. 
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Figure 4C-19 A single event correlation function for the case of Rinv = 20 fm, dNr/dT/ = 500, 
and Pt > 40 MelVIe. 

of the interac1\:ion. For the best vertex resolution only high momentum tracks, which 
suffer least frOim multiple scattering, can be used. Figure 4C .. 20 shows a histogram of the 
distance of closest approach to the found vertex for the set of tracks from a single Au + 
Au central eV'lent. The accuracy of the primary vertex localization is indicated in the top 
comer for an analYSis using tracks with Pt > 200 MeV Ie. The corresponding widths O'z = 
140 J.lI1l and ax = 60 J,Lm (as defined in Fig. 4C-20) are fOWld. These results will improve 
when more sophisticated methods of vertex finding45 are implemented. 

4.C.3.i Separation of Overlapping Interactions 

Due to the 40 J.1S readout time of the TPC, multiple events which occur within 
this window must be resolved. Results from studies of multiple Au + Au events are 
shown in Fig. 4C-21 for tracks with Pt > 800 MeV Ie. From Fig. 4C-21 it is seen that two 
Au + Au events can be separated if they are more than 2 mm (FWHM = 2 mm for a 
single peak) apart. The corresponding widths of the distributions when all tracks are 
used in an event are slightly W01Je than in Fig. 4C-21a with values of a = 1.1 .. 1.5 nlm. 

Furthennore, even if they are at the limit of this resolution (Fig. 4C-21c), the structure of 
the two-event peak is distinctly different from that of a peak for a sin.gle event (Fig. 4C-
21b) of the same total multiplicity. Only in the case when two Au + Au events occur in 

45 E. Andersen et al., Dete'rmination of the Prirnary Vertex Position in the NA3( i Experiment, Nuc1. 
Instrum. and Methods Phys. Res. A, Accel. Spectrom. Detect. Assoc. Equip. A301 (1991) 69. 
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Figure 4C .. 20 Dist'ance of closest approach of tracks to the found primary vertex in z a11d x. 

the same beam crossing at a distance closer than the detector capability to resolve 
prin'\ary vertices, do overlapping events be'come problem,atic. 

During the p+p data taking period at RliIC a high huninosity is foreseen. It will 
result in a. high interaction rate and consequ.ently many events may be registered during 
the time when the TPC gate is open. Thes.e events will show up in addition to the 
triggered event and will look like $econda,ry tracks. The goal of this study is to ShOlV 

that such compound event.s can be analyzed and that different events can be 
distinguished, 

In order to answer the question.s raised above, the following procedure was 
adopted: 

• Time' when the chamber is sensitive was evaluated. 
• Number of events that occur 1Arithin this time V\Tas calculated assuming the pp 

cross section and t.he design luminosity. 
• Appropriate number of minimum bias FRfrxOF p+p events was generated. 
• Events 'Vvere process.ed by GEANT. 
• Fast TPC simulator was used to assign each point a. spatial resolu.tion and 

diffusion that cOITesponds to its true position in the chamber. 
4t Z coordinates of the hits from the different events were modified according to 

the drift time. 
• Events were combined to make 1 full event. 
• Overlapping hits were, rnerged. 
• Pattern recognition \vas run and. results were evaluated. 
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Figure 4C-21 Coordinate, z, of the closest approach to !he origin for tracks with Pt > 800 MeV/c: 
a) Two events 1 em apart. bJ one et'ent with twice norrnal '17'lultiplicity. c) two et'ents 2 mm 
apart. 

Due to the 40Jls drift tim.e in the TPC46, the detector is sensitive to events in a 80~.lS 
window around the triggered event. At the beginning of the triggered event, 
nlidrapidity tracks from an event 40JlS earlier will just be an'iving at the end plate. The 
last event that has any chance to be recorded is one that occurred just before the gatE! 
was closed, 40JlS a.fter the triggered. event. In this case ionization that is very c1os·e to the 
end plate will be registered and vviU appear in the triggered event as short tracks about 
the mid"k'lanc·. All the events that occurred between these two extrenles will contribute 
to the signal. The total time during which the chamber is sensitive to pileup events is 
therefore 80~, 

The number of events (Nev) that occur within the tillte that the chamb(;t is 
sensitive can be derived from the pp inelastic cross-section (Oinel) and the design 
luminosity (!to). 

---._------_._-
46 Up~ate to the RHIC Letter of Intent fof' an Experbnent on Particle and Jet Production at Midrapidity, 
The STAR Collaboration, LBL-31D40 Uuly 19'91). 
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N ev = ('fine! at- !eo (4C-26) 

If we take the d~sign luminosity47 of 1.4 x 1031 cnl-2s-1 and an inelastic PP (Toss-section 
(45 mb for ~s 500 GeV48), then we get 6.3 x 105 events per second. This combined with 
the 80 J..lS sensitive time gives us on averag,e 50 events registered together with the 
trigger event in the TPC. 

Since the spacing bernreen tVIO consecutive bunch crossings is 220 ns, during the 
80 J,.ls "'sensitive time" 364 bunrh crossings win occur, and thus we should expect 0.11 
minimu.m bias events per crossing. This \vas taken into account when the z coordinates 
were modified. On average events are separated by 10 cm along the drift direction. A 
detailed description of the event merging 'procedure is given in the lPC Fast Simulator 
U ser'sGuide49• 

The combined pp event \vas then reconstructed and the results evaluated. 
Evaluation shows that such n"lulti .. pp events are reconstructed well. Comparison of Fig. 
l;C .. 22aand 4C .. 22b shows that nlost of the available hits \\rere assigned to tracks. The 
level of the confusion (hits from different Me tracks assigned to the same reconstructed 
tracks) is low (Fig. 4C .. 23). The momentum resolution was not affected. Figure 4C·24 
shows the .1p/p histogram which has 0':.;; 1.6% averaged over all Pt (refer to Fig. 4C-12 
for the resolution for Au + Au events). 

Another (:rucial ql'esHon is whether the different events can be distinguished. In 
order to investigate this problem, the positi.on of the vertex for each reconstru.cted track 
of Pt > 150MeV / c was calculated. Figure 4C-2S shows a histogram of the reconstructed z 
coordinates of the vertices for these tracks. We observe that they cluster in groups 
spaced by approxima tely 10 Cln. This corresponds to the average spacing between 
consecutive events. Thus we conclude that we can properly assign high Pt tracks to 
different events. Further study of lowermomentunl tracks needs to be completed. 

i&:W}2~hru:g~ 

Considerable attention has been paid to possible distortions in the electric drift 
fi.elds caused by positive ion space charge effect!) in tite TPC. In the NA35 experiment at 
CERN, 325 be'ams at intensities of 25,000 ions/s ,"'ere sent through the TPC to determine 
possible effects of distortions in the elect~ric nrift fields and the trajectori~s of iracks, due 
to positive ion space charge. This corresponds to 6 x 106 minimum ionizing particles per 
second in a cross sectional area of less than 1 cm2 in the TPC. No measurable distortions 
in the trajectories of tracks were observed. Likewise .. the E810 experiment at BNL 
studied the behavior of TPCs in a high flux environnlent.50 The E810 "[PC was exposed 
to a flux equivalent to 107 minirnum ionizing particles per second in 1 cm2 spot s~ze. 
This caused a distortion in the drift direction of 1.5 mm which agreed 'with predic'.:ions 
from a numerical calculation described below. In comparison, the maxilnum 

47 Conceptual Design or ..• \,~ l\elativistic Hl.lavy Ion ColJider ru-nc, BNL 52195 (May 1989). 
48 Review of Particle Properties, ParHcle Data Group, Phys. Letters B 239 (1990). 
49 1'. Jones, STAR note #56. 
50 Behavior of TPCs in a High Flux Environnlcnt l A. Etkin, et aI., Vienna Wire Chan1ber Conference 
proceec.:tings. To be published. 
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Figure 4C .. 22 TPC hits from a multiple pp event p1'ojected to the TPC end plate. a) all the hits, 
b) hits that were not assi'gned to any tracks. 
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Figure 4C-23 Ratio of good hits to the total nurnber of hits per track. 
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Figure 4C .. 24 Momentum resolution for the pp events. 
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Figure ·1C-25 Reconstructed z coordinate of the vertex for tracks with momenta greater than 150 
MeV/c. Separate clusters correspond to different events. 
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charge density in the STAR TPC is only 600 ions/ cc but is typically much less than 50 
ions/ee .. orders of magnitude smaller than the space charge loading created by the beam 
tests. Therefore, we do not expect any significant distortions in the STAR TPC arising 
from primary ionization. 

The NA35 and EOS TPCs each use gated grids to reduce, significantly, positive 
ion feedback from the avalan.che region near the sense wires. Tests have been 
performed on the new BOS ga.ted grid and the results ShOVI that the suppression is 
better than 10-4. ' 

Detailed numerical electrostatic calculations have been performed51 to determine 
the effect of the primary ionization a~' a result of the expected large multiplicity of 
charged particles in central Au+Au collisions at RI-IIC. The accumulation of positive ion 
charge in the ST,AR TPC is found to have a small effect on the'I'PC space points for Au 
beam luminosiHes up to 20 times the design luminosity (!e 0 = 2 x 1()26 cny2sec-1). 
Displayed in Fig. 4C-26 are the errors for space points along the azimuthal and radial 
directions as a function of the distance along the bean'l axis away from the detector 
center. These errors represent the systematic displacement- of electrons as they drift 
through the perhlrbation potential and are calculated from a transport equation. For 
radial distances of 75 em to 200 em, the outer r~dius of the TPC, the errors are < 20 J,1nl 
in the azimuthal direction and < 10 J.l.m in the radial direction. The azimuthal and radial 
distortion..') reach maxima at the inner radius, 50 cn\~ of the "fPC, with space point errors 
of 100 iJ,m and 48 J,lm, respectively. On averagef displacement errors range 20-50 J.lm 
depending on the tra(.::k geometry. The rms resolution in. flp/p due to space charge 
averaged over all reconstructed tracks in the TPC is found to be less than 0.07%. Even at 
10ft 0 the performance of the TPC will not be degraded by this effect. Figure 4C .. 27 
shows the averaged momentum resolution as a function of beam luminosity. The space 
charge distortions become comparable to Inul tiple scattering at - 18~ 0 for argon 
chamber gas. 

4.C.3.k QED ElectroQ§ 

One concenl is the potential background of low-mass lepton pairs52 produced by 
the electromagnetic interaction between the heavy ion colliding beams. Tables of the 
calculated double differential cross-sections (d2o/ dptd I y I) for vSnn= 200 GeV Au + Au 
were obtained frol'n M. Rhoades ... Brown, integrated over the appropriate rapidity ranges 
for the TPC and SVT, and scaled by the design luminosity to calculate the flux of 
electrons expected in the detectors. Shown in Fig. 4C .. 28 is the number of electrons per 
detector dearing time as a function of Pt for the two devices . 

51 G. Rai, LBL- STAR note 3 . 
.52 Mark J. Rhoades-Brown and T. Ludlam, Proceedings of Fourth Workshop on Experitnents and 
Detectors for a Relativistic Heavy Ion Collider, July 2-7, 1990, p. 325. 
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Figure 4C-26 Results of an electrostatic calculation showing the displacement errors due to 
space charge along the azimuthal and radial (inset) directions as a function of distance in z. 
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Figure 4C·27 The average momentum resolution due to space charge effects as a function of 
htrniru.lliity. The multiple scattering limit in argon gas is shO'wn. 
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Figure 4C-28 Expected rate for QED electrons. 

It can be concluded that this source of background is not a problem for the proposed 
STAR configuration. 

~.JJYirg Aging Eff~ 

The wire aging effect upon the anode wires of the STAR TPC has been estimated. 
The charge loading on the anode wires, when the TPC is in operating model derives 
from three sources: 1) ionizing particles froln triggered events, 2) ionizing particles from 
leak-through events when the gating grid is dosed, and 3) ionizing particles traversing 
the multiplication region of the "fPC whose ionizing charges cannot be suppressed by 
the gating grid. The contributions from sources 1) and 3) are of the same magnitude 
while that from source 2) is much smaller. Using a maximum allowable loading of 0.1 
Coulomb/ em on the anode wires, we con dude that the TPC can operate for its expected 
lifetime without experiencing serious aging effects at the RHIC luminosity of 2 x 
1026 / cm2/sec. Normal precautions will be taken during TPC construction and test 
phases to ensure good chamber performan.ce . 

4.C .. 4. R&D Issues and Technology Choices 

9:.C.4.a Low Diffusion Gas Tests 

Studies are required to investigate alternative gases to Ar + CRt which will give 
reduced longitudinal diffusion. Theoretical calculations suggest that Ar + C02 + CH4 
could give a significant improvement in longitudinal diffusion while operating at a 
workable field of 290 V / em. This means that the field cage can be operated at a 
relatively low potential (60 kV). At this potential an insulating layer is not required on 
the inner. field cage, thus allowing a significant reduction in multiple scattering. Several 
characteristics of the gas must be measured: 
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• Longitudinal diffusion; at present there is considerable uncertainty on this 
issue. 

• rot 
• dVDl dT, Drift velocity dependence on temperature 
• Gas gain characteristics 
• 1/ t tail shape 

The first three items will be measured at MPI Munich by V. Eckardt's group and at 
BNL. 1'he last two items will be mea.sured at LBL with the EOS prototype chamber. 

~.b Regyr~ Size StuQie~ 

We have proposed constructing the inner pad modules with small pads (2.85 mm 
x 11.5 mm) and reduced anode to pad spacing in order to improve the two track 
resolution. The pads will be arranged on circular rows with the row centers separated 
by 4 em in radius. This design has received some testing53. I-Iow'ever, it has not been 
used in an operating experiment. A number of issues must be thoroughly investigated 
before this approach is ready for production. 

Simulations are required to verify inlproved tracking efficiency and check that 
the added projection between hits does not degrade tracking efficiency. These 
sinlulatiolls are under way and it is expected that they will be complete .by mid .. August 
9.2. 

A prototype series of pads will be checked with X .. ray sources and laser 
generated point electron sources. The follo,ving issues are of interest in this study: 

• Gain stability along the wire. The compact geometTY will increase sensitivity 
to spacing errors, but since dE/dx has already been compromised in the inner 
radius region of the TPC some error can be tolerated. 

• Pad response function ... does an avalanche give three pads with amplitudes 
above threshold~ 

• Pad position resolution. 
.. lIt signal characteristics - to determine required correction in. the shaping 

anlpHfier. 
.. Test the ability to extract dEl dx to a 0' of 5% frOln pad signals for which the 

pads vary in position relative to the wires as a result of the circular pad row 
geometry. 

~.C.4.c Increa§ed Gain and Wire Termination Studies 

Since it is planned to use smaller pads than those of previous TPCs, it may be 
necessary to operate at a factor of 2 higher gain than. has been used routinely in 
atmospheric pressure TI)Cs such as ALEPH, DELPHI and EOS. With 20 J,Lm anode wires 
this will require increasing the voltage from 1265 to 1325 volts54• Stable performance at 
this voltage has been demonstrated, ~)ut it is important to perform careful tests. The 

53 Volker Eckardt, ~1PI. 
54 Ii. Wieman, EOS note 128. 
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lnain potential problem area is the boundary region where the anode wires are captured 
in the supporting epoxy bead. A testing program is planned to examine wire 
termination at elevated voltage. Various epoxies and curing conditions will be studied 
as well as anti .. spark coatings of polyurethane. The effect of cathode wire radius will 
also be analyzed. 

4.C.4.d Drift VeIQCilY. Feed Back System 

The drift velocity in the TPC can vary because of changes in temperature, 
pressure and gas composition. It is desirable to have a detection and feedback system 
which holds the drift velocity to one part in 2000. Developolent has started on a system 
which directly measures the electron drift time i.n the TPC volume. A UV laser is used to 
generate a pulse of electrons from the field cage cathode plane. The drift time is 
monitored with a large dynamic range roc which records the time between the laser 
flash and the anode signal marking the arrival of the electrons at the pad plane. By 
operating the drift field slightly off the peak of the velocity distribution, the voltage can 
be adjusted to hold the drift time constant. Initial testing of this approach with the EOS 
TPC shows that the drift time can be consistently nleasured to an accuracy of 1 ns. This 
corresponds to a position accuracy of 55 J..LIn. This system would be particularly useful if 
a lovv diffusion gas is found which must be operated in the linear region well removed 
from the velociry saturation peak. 

4.C.4.e Micro-Strip:Gas-Chamber (MSGC~ead Qut for TPe 
An R&D program is planned to explore a new technology for anlplifying and 

reading out the electron track signals in the TPC. This technology is too new to in.clude 
in the baseline, but it does have several potential advantages which make it worthy of 
study. This new approach is based on the Micro-Strip-Gas-Chamber which works like 
the traditional MWPC with a high field at the anode for gas gain and cathode pads for 
picking up the induced si.gnal. The MSGC is nlade from aluminum structures deposited 
on a thin glass substrate using photolithography techniques. The added geometrical 
precision achieved with photolithography permits construction of devices with small 
dimensions without comprornising gas gain uniformity. The ultimate two track 
separation, as set by the diffusion width of the electron cloud, can be achieved using 
this approach . 

Some issues to be explored are: 

• Gas gain uniformity. 
• Possible variations \vith time and loading due to surface charge build up . 
., Ultimate gas gain without high voltage breakdown. 
• Detector life time. 
• Suitable pad dim,ensions for use in the inner radius region of the STAR TPC. 

~~:A·f Multi:layergad P!i!ne Board 

The multilayer concept has not been used in this application before and je; not 
conventional for boards of this size. 'We will contract out the fabrication of the pad 
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planes. The pad planes will be received with front end board connectors installed. Some 
prototyping is required. 

4.C.4.g Pad Plane Se.ctor Casting 

Castings often take s()me amount of time in initial pattern adjustment. Thus it is 
wise to start this process early. This work will also be contracted out, probably locally so 
that we can monitor the foundry's progress. Other areas of responsibility for the 
foundry contractor are the stTess relief of the casting and its machining to finished size. 
Since there are a large number (24) of sectors, we will construct a representative generic 
prototype sector to engineer / optimize the production methods. 

4.C.S. Engineering 

4.C.5.a Brief Techl1iral Description & Sp-ecifications 

The STAR Time Projection Chamber (TPC) has a tracking volume enclosed by a 4 
m inside diameter outer field cage (OFe), a 1 m outside diameter inner field cage (IFC) 
and pad planes 4.2 m apart. The basic TPC configuration is shown in Fig. 4C-l. The 
tracking volume is divided into two chambers by a high voltage membrane held at the 
midpoint of the outer field cage. A negative potential is placed on this membrane 
which, with the two field cages, defines a constant electric field. As particles pass 
through the tracking volume, electrons are knocked off detector gas molecules. These 
electrJ~ns drift away from the negative central membrane and toward t'!1~ pad planes. 
The time of arrival of this ionization gives infoflnation on the z location of the electron 
source. The pad location gives the x and y coordinates. A 0.5 T axial magnetic field 
caus~s the particles to follow helical trajectories, which allows monlentum 
determination. The magnetic field also reduces the dispersion of the electrons as they 
drift toward the pad plane, which increases the precision of particle track 
nleasurements. Other major componen.ts of the TPC are a laser cali bra Hon system, a gas 
supply, cooling systems, two large sector support structures (called wheels), and slow 
controls to monitor various parameters such as the temperatures of the components. 

~tC.5.b Description of Major Components 

Outer Field Cage (OFe) 

The primary function of the OFC is to constrain the electric potential along one 
boundary of the active volume of the TPC. In addition, the OFC perforn1s secondary 
functions as the gas containment vessel for the 'fPC and as a structural support for both 
the TPC and the central Trigger barrel (or the TOF upgrade). The OFC is a 4.56-m-Iong 
cylinder with a 4.01-m inner diameter. It is composed of a voltage gradient cage, a 
support structure, an insulating layer between the two, and a load-attachment ring at 
each end of the cylinder. Figure 4C-29 shows the overall OFC configuration and some 
details. TAle voltage gradient cage is a cylinder made from sheets of 0.035 Olm copper 
plated on both sides of a O.075-mm thick Kapton film. The copper has been etched into 
stripes as shown on Fig. 4·C .. 29. The copper stripes on the Kapton film surfaces overlap 
in z to minimize the local field perturbations. A high voltage cable is attached to the 

4C .. 54 

• 

eo 

• 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

STAR Conceptual Design Report 

D}''TAIL: B. End IUDe 
SCALE: lOX 

AI Honeycomb 

2. Boles EQI Spaced On ... 070.75 m.m Dia 
Install Appropriate SSTL Theaded Inserts 
To Accommodale a 0.625 In Dia Screw 

Chapter 4C • TPC 

~~Clue 

r-~:u-4r I o.~ Glue "8 Ai BD)'Cmb 
57.50 --·--___ ----r-II J 
~~m~ ~Cl •• r 

O.03sta J II j ''- : .. , + CluJ 
l.Otn-l J-IO.OT)'p 

Detail: A 
--~563.54---' 

-215.10 

I 
i 

I 
i 
i 
I 

"013.63 - ---------l------.---
I 
I 

-~ ~ 165.10 

All Dimensions in mm 

Figure 4C-29 The STAR outer field cage. 

i 
I 
I 
I 
i 

copper stripe located at z = 0 and the remaining stripes are held at constantly increasing 
vol tage in z by connecting them to a precision resistor chain. This same method of 
producing a precise electric field gradient is also used for the inner field cage. 

The OFC is in dose proximity to other subsystems of STAR which are h~ld at 
ground potential and therefore, the voltage gradient cage must be electrically shielded. 
A mylar insulator and a grounded inner aluminum skin are formed by wrapping l~yers 
of material around the outside of the voltage gradient cage and continuously bonding 
each new layer to tht~ previous one with adhesive. This method of fabrication was 
chosen to minimize the size and number of inter·-layer bubbles formed during 
fabrication. This is necessary to preclude high voltage breakdown between the high 
voltage gradient cage and the grounded support structure due to faults initiated within 
the bubbles. This technique was used successfully in the fabrication of the ALEPH TPC 
outer field cage. 
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The two OFe end rings provide the interface between the central part of the OJPC 
support stnJ.cture and the sector support wheels. In addition, these rings help maintain 
a round ope. The estimated weight of the OPe is 2724 kg (6110 Ib). 

The ope support structure must support the voltage gradient cage on its interior, 
and the central trigger barrel (a.nd ti.rne of flight upgrade) on its exterior. Additionally, 
for ease of maintenance., it is desirable to have a structure t.hat lvill support a perslon 
working inside. The centl'al alunlinum-honeycomb support structure i.s supported by 
the OFC end rings, which rnount to the wheels. The wheels, and therefore the TPC, ,are 
supported by the magnet cryostat. A finite element a.nalysis (FEt-l.) was complet'ed usllng 
the ANSYS code with the following specifications: 

Total deflection during operation < 1 mm 
Weight ofOFe plus TOF .. 6406 kg (14,110 Ib) 
Weight of person inside .. 91 kg (200 Ib) 

The results of this study are slN:,wn in Table 4C-10. 

Table 4C .. l0 Results ·':'If OFC deflection st·udy. 
;- .~ 

tskin (mm) tcore (mm) y Deflection (mm) 

1 16 5.0 -- - ~ -2 l6 3.1 - " ... ••• ...-I_~..-.--1 32 2.4 -:2 32 1.0 
"-'- .... - -2 48 0.5 .... - .. 

~ .................... -x Deflection (mm) 

7.5 -, 
4·.6 
3.8 
1.4 
0.7 

D'etail A of Fig. 4C .. 29 sho'ws that a 52-mm thick cylinder with 2.-Iru1'1Iaminc!lted 
alumi:nutn face skins is specified to support the TOP upgrade and limit the detlectio'n to 
<'1 mm. In additi0n, the stress generated in the support structure is lo,v with the 
assumed maintenance person inside. 

The proposed assembly procedures and type of equipment for the ()Fe 
fabrication are si.milar to those used by ALEPI-I personnel. A 4 .. m diameter foam ... 
covered nlandrel wi.ll be fabricated and supported between two beari.ngs. One laYE:tr of 
piano wi.re will be wound over the metal mandrel and another layer will be imbedded 
in th.e foam. TIle OFe end rings will be moun ted inboard of the support bearings be!fore 
the 'winding operation com.menees. One of the be'aring supports will have a miD tor 
dri vet Parallel. to the axis of the n1andrel, a winding head will be mounted OIl ·a cardage 
which moves over fully supported rails that are slightly longer than the nland.rel. The 
head will be moved by use of a powered lead scre'w. The final mandrel rotwtion and! the 
lead screw tulning rate will be detennined du.ring the initial winding tests. The firs~: us,e 
of the head will be to true the hard foam covering to the ax.i.s determi.ned by the support 
bearings. The foam will serve as the barse for fu.rther winding operations. TIle head will 
contain a feed bobbin that holds the ma.te·rial being wound, a roller to press the matierial 
against the cylinder, an automatic adhesive mixer and dispenser, and a s'lervo 
mechanism to control the tension in the material. TIle finished winding machine wlill be 
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similar to a 4.3 m (14 ft) dianleter lathe. Fabrication of the OFe is planned to occur in 
bu.ilding 77 A at LBL. The cost estinlate for the TPC provides for facHi ty upgrade'S to 
maintain the air at low humidity in the winding equipment workrooln. Tests are planed 
to determine the allowable humidity for the winding room. An a.dhesive (Uralite 6108), 
different from that used on ALEPH, may be employed for the OFe fabrication. This 
adhesive may set properly at normal or high humidity. 

The order of fabrication is to first lay up the voltage gradient cage using 200 mm 
wide Cu/Kapton sheets in the configuration shown in Fig. 4C .. 29. The copper stripes are 
positioned perpendicular to the axis of the mandrel. The relative alignment of the last 
copper stripe on one Cu/Kapton sheet must be within 0.1 mn't of the first copper stripe 
on the adjacent sheet in order to maintain field uniformity. A telescope optical tooling 
bar system will be used to position the edge of each first copper stripe as the sheet is 
placed onto the mandrel (see Fig. 4C-30). After the voltage gradient cage is in place, the 
winding of the Mylar insulation begins. About 42 layers of 200 mm \'Vide Mylar sheets 
will be wou.ndwith each layer shifted by half of a sheet-wid~h to overlay the butt jOints 
of the previous layer. It is anticipated that four to five layers of Mylar per day can be 
wound using Hexcel6108 urethane adhesive with an overnight drying period required 
prior to winding the next series of layers. Care will be exercised to prevent the inclusion 
of air bubbles among the Mylar layers. After the Mylar has been wound, the 20 layers of 
0.1 mm thick 200 mm wide aluminum sheets will be wound. The aluminum sheets D'\ay 
be anodized to provide a better surface for the adhesive. 

The two pr'e-machined end rings then will be moved into position over the inner 
aluminum skin. The ring inside diameter will be slightly oversiz,ed. Spacers will hold 
the ring off of the alunlinum skin and adhesive will be injected through holes in the ring 
to fill the space between the ring and aluminum skin. The pOSition of the end rings 
relative to the mandrel axis and each other will be determined by the use of theodolites 
or an autocollimator and mirrors . 

A 48 mm thick 38 kg/m3 (2.4 pc£) honeyconlb layer will then be placed over and 
bonded to the fii"st aluminum skin. The outer aluminum layer of the support structure 
may be wound sheets equal to the inner skin, or it nlay be large rolled sheets. Either 
would be glued onto the honeycomb and the end rings. Since tl,e inner aluminum skin 
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Figure 4C .. 30 Details of the OFC rJnstruction. 

is the ground plane, bubbles bet'W~eI\ the honeycomb and the inner and outer 
aluminum skins are not an electrical concenl. 

~I-\fter fabrication of the OFe, the embedded piano wires will be pulled through 
the [oaln. This will remove m,Qst of the foam providing a clearance between the mandrel 
and the inside diameter of the OFC. The OFe is then removed from the mandrel and 
placed onto an assembly/test stand. The resistor chain and high voltage feed are then 
placed along the inside of the OFe paranel to its axis. The OFe is now ready for both 
rnechanical and electrical tests. 

Inner Field Cage (IFe) 

The !Fe performs the prirnary function of defining the electrical potential along 
the inner radius of the active volume of the TPC. It also performs the secondary 
function of g~r, contai.nment. Its support structure is not as substantial as that of the 
OFC as it is required only to support itself. An insulating layer is not required as the 
closest grounded structu.re at z = 0 (the SVT mount) will be about 320 mm away_ A dry 
gas such as nitrogen will fill the space between the field cage and the SVT support. 1bis 
configuration is shown in Fig. 4C .. 31. Figure 4C .. 32 shows the overall fFC configuration 
and some flange details are shown in Fig. 4C .. 33. 

The support structure for the IFC has to support only the voltage gradient cage 
(Cu/Kapton sheets). TIle IFC m.ust perform its fu.nctions and at the sa.me time mininlize 
the radiation length for' pa,rticles passing through. it' into the TPC's tracking volume. The 
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Figure 4C··31 A. top view of the TPC inside the cyrostat displaying the mounting structures . 

requirement of low radiation length encourages the use of composite material or foam 
for support. A Hnite element analysis (FEA) was completed using the ANSYS code 
demand.ing a 1-mrn deflection lirrtitation during operations. In addition, the deflection 
and slTess lmder a 23 kg (50 Ib) point load was also determined. This type of' load might 
occur if a person leaned on the !FC for balance while doing maintenance work inside 
the TPC. 
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Figure 4C-32 Inner field cage construction. 
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Figure 4C-33 Inner field cage and SVT support mounting to the end-cap wheel (east end). 
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Although the deflection for the Rohacell/Cu/Kapton configuration met the 
specificati~ns during operations, the stress in the Kapton was relatively high. It has 
been observed that Rohacell covered with Kapton will creep significantly over time. 
Comparing the calculated 38.0 MPa (5000 psi) stress in the Kapton film with .:endor 
data indicated that creep might be a problem. The proposed solution is to replace the 
Rohacell foam with a support made of Kevlar, or equivalent, fac~~ skins and Kevlar 
honeycomb. The resulting radiation length, deflection and stress are summarized in 
Table 4C-l1. 

Fabrication of the IFC will be nluch simpler than the OFe. The nominal l-m 
diameter is well within the present fabrication capability of several manufacturers. The 
4.2-m length however may necessitate a two-section tube. In addition, since the 
Cu/Kapton sheets must be on the inside of the tube, they must be placed on the 
mandrel first. If the composite material to be wound next requires a high temperature 
cure, problems might be encountered due to the temperature limit of Kapton. For this 
reason, the optimum composite material has not yet been selected. The winder used for 
the ope might be used for the IFC, but the preferred fabrication method may be 
determined by outside vendors. 

Central Membrane 

The central rnembrane will serve as the high voltage cathode plane. It will be 
fabricated from Aquadag-painted lnylar sheets and \~lill be electrically connected to the 
z=O copper stripe on both the IFC and OFC. 

Table 4C-l1 Deflection and stress results for the IFC support structure. - - -- - --
Support structure Support structure 

Radiation Length (%) Rohacell Foam Kevlar Honeycomb 

Structure 0.05 0.3 
~-

Cu/K~on 0.7 0.7 
't~ 

AI/Kapton 0.2 0.2 - ~ 
w_ ,-

Deflection (mm) .. -
Static 0.28 0.02 -
Concentrated load 31.0 
-, P. . 

Maxinl urn Stress (~lPa) 
50 lb. concentrated load 38.0 0.5 -
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Sector Support Wheels 

The sector support structures are two 4.1 ... m diameter spoked wheels, one at each 
end of the TPC (I z I = 2.1 m). Each wheel consists of an inner ring, a medial ring, an 
outer ring, and 12 T-section spokes extending radially from the inr\er ring to the outer 
ring (see Fig. 4C-34).The medial ring is actually a dodecagon and defin~l3 the juncture of 
the inner and outer pad plane sectors (see Sectors, below). The inner and outer field 
cages as well as the pad plane sectors are supported by these whet~ts. In addition, the 
load of the central trigger barrel, TOF upgrade, and SVT will be born by the wheels. 

To simplify the fabrication of these structures, the wheels will be cast front the 
aluminum alloy A356. Although this is a very large casting, it can be done at a 
reasonable cost. The raw castings could either be sent to an outside nlachine shop for 
finish machining or could be done in-house by the caster if his shop is adequ.ate. After 
machining and inspection, the finished wheels would be shipped to LBL for additional 
work and assembly into the TPC. 

Sector location bushings must be i.nstalled in the wheel. These bushings define 
the individual sector locations, and therefore the pad locations on one sector relative to 
those on other sectors. Oversized ho'es will be machined into the wheel, and the sector 
location bushings '\Till be plat:ed intI) the holes. After accurately locating these parts, 
adhesive will be injected into the clearance between the hole and the 00 of the bushing. 
After the adhesive sets, the bushings will be pennanently located at the proper position 
in the wheel. 

TPC Supports 

The STAR TPC is supported by four compact, rigid mounts, located at or close to 
the horizontal plane of the detector. They are located at the extreme "corners" of the 
detector and transfer the entire load of the TPC, central trigger barrel, SVT, and TOF 
upgrade from the wheels to the inner wall of the magnet cryostat. ()ne of the mounts at 
each end will be slightly off the horizontal to allow a TOF module to be inserted. All 
mounts incorporate a ball and cone arrangement to insure repeatability. These mounts 
allow the TPC to be adjusted in x, y and z through the use of a combination of 
horizontal and vertical jacking screws. One of the supports i'3 adjustable (constrained) in 
x, y and z. On the same side but at the opposite end of the detector is a second support 
which is adjustable in x and y but has freedom of motion (is not constrained) in z. The 
remaining two supports are adjustable only in x but have freedom of motion in y and z. 
This scheme results in a semi-kinematic mounting systenl. which with care will 
minimize strain in the TPC. 
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Figure 4C-34 .A end view of the TPC inside the cyrostat displaying the mounting structures. 
The end-cap wheel structure is clearly displayed . 

Pad Plane Sectors 

The pad plane sectors are the active elements of the TPC. On these sectors are mounted 
the wire grids that create the high field regions in which the drifting ionization clouds 
form avalanches. Also mounted on these sectors are the pads which detect these 
avalanches. The sectors also serve as part of the gas containment vessel for the active 
region of the TPC. There are two types of sectors which mount to the "0" ring surfaces 
on the spokes of each wht'el. There are 12 inner sectors which fill in the space between 
the inner and medial rings and 12 outer sectors that fill the space between the medial 
and outer rings. The medial ring is actually a dodecagon so that the inner and outer 
sectors abut each other on a straight line. The mechanical support for the sector is 
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the sector casting. This is an aluminum (A356) casting which resembles half of a waffle 
iron, i.e., a thick plate containing many pockets. The pockets are separated by ribs as 
shown on Figs. 4C-35 and 4C .. 36. 

The cathode pads are etched onto large multilayer NEMA G-10 printed circuit 
b()ards. These assemblies ; re called the pad planes. Figure 4C-37 illustrates the pad 
layout for both the inner and outer secto.rs. Note that the pad size and row spacing is 
different between the inner and outer sectors. A pad plane is glued to the flat, 
unpocketed side of the sector casting. The flatness of the pad planes and the positioning 
of the pad plane sectors relative to each other and to the E and B fields will affect the 
position of tracks relative to the pads and will a.ffect track arrival times. The 
accumulated tolerance for all of these factors inclusive is ± 0.5 mm. The side of the pad 
plane away from the sector casting conta.ins the cathode pads and the side of the pad 
plane toward the casting has connectors soldered to it. The casting has holes in it so that 
these connectors can protrude into the casting's pockets. The pad plane is manufactured 
on a gas tight multilayer board. In the multilayer board, the vias (plated-through holes 

27.484 

24.851 

3.50~ L 
ou'rER SECTOR ASSEMBLY 

Date: 5-21-92 

Sca.le: None 

Figure 4C-35 Outer pad plane sector assernbly. 
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28.256 
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INN"ER SECTOR ASSF~MBI.JY . 
Date: 5-21-92 

Scale: None 

Figure 4C-36 Inner pad pad sector assernbly. 

which are part of the electrical path carrying signal froIn pad to connector) do not go all 
the way through the board. Hence there are no perforations which must be sealed. The 
construction materials for all structures that contact the active region must be free of 
gas ... poisoning volatiles in order to nlaintain TPC performance. The materials approved 
for interior use are listed in ALEPH and PEP4 reports. 

As pictured in Fig. 4C-38 and summarized in Table 4C-12 belovv, there are three 
wire grids mounted above the pads. The first grid is composed of alternate field and 
anode wires. The anode wires are gold-plated tungsten with a 20 ~m diameter. The 
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Pads 
6.2 mm X 19.5 mm 

Pads 
C~--------~-:JI."-·2.85 mm X 11.5 Inm 

Figure 4C-37 The pad layout for the inner and outer pad plane sectars. 

Be-eu field wires are 125 J.lm in diameter. Their large radius reduces the field at the 
cathode to improve resi.:;tance to high voltage breakdown. This is particularly important 
at the gas-conductor-dielectric triple point where the wire enters the support epoxy. The 
second grid is a ground plane and the third grid is the gating grid which blocks 
electrons from unwanted events and captures positive ions from the avalanche before 
they can enter the main drift region. The tolerances, listed in Table 4C-12 for distances 
from wire to pad, are based on the wire gain uniformity required for dE / dx and the 
calculations of F. Ragusa and L. Rolandi55 .. The ±100-Jlm tolerance on the ground 
------------
55 F. Ragusa and L. Rolandi, ALEPH·LEP Note: 89, Feb. 1, 1983. 
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Figure 4C-38 A detail of the edge of a pad plane sector illustrating the wire grid ,,,ounts and the 
anode bias distribution board. 

Table 4C-12 Specification for the wire grids 

Grid Distance± Wire Material Diam.eter Stringing 
tolerance spacing tension 
from pad 

plane 
(mm) (mm) (mm) (N) -

Outer Sectors 
Anode 4±O.1 4±O.1 W 0.020 0.5 
Field 4±O.1 4±O.1 Cu+Be 0.125 3 .-
Ground 8±0.1 1 Cu+Be 0.075 1.2 
Gating 14 ± 0.1 1 Cu+Be 0.075 1.2 

Inner Sectors 
Anode 2±0.1 4 W 0.020 0.5 
Field 4± 0.1 4 Cu+Be 0.125 3 
Ground S± 0.1 1 Cu+Be 0.075 1.2 
Gating 14 ± 0.1 1 Cu+Be 0.075 1.2 

..4 
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plane position will give a gain variation of AG/G = 4%. The tolerance on the in-plane 
displacem,ent of a single field wire of ± 100 flm will cause IlG/G = 6%, but for dE/dx 
this is not important since the gain shifts on adjacent sense wires will tend to cancel. 
This kind of wire gain error \\rill increase the tana error, but not significantly compared 
to Landau fluctuations. In-plane shifts of the anode wires by ± 100 J.1lll produce gain 
variations of only AG/G = 2%. These calculations are based on total surface charge on 
the wires and neglect the fac.t that avalanches are localized on one side of the wire. The 
actual gain variations could be somewhat larger for displacements in distance to the 
pad plane. The gain errors will also be different for the inner radius sectors where the 
anode wire plane is not centered between the ground wire plane and the pad plane. The 
flatness and parallelism of the pad plane and the wires will be maintained by the 
stiffness ,of the sector casting. These wires are glued (0 and supported by wire nlounts 
which are located along the two radial edges of each sector. To minim.ize the 'dead' area 
of eac~ !lad plane sector, the wire plane mounts are slacked on top of each other (see 
Fig. 4C-38). 

It should be noted at the outset that the sector fabrication procedures which 
follow are basically a description of the assembly of the corresponding section of the 
EOS TPC, with modifications as appropriate for the larger production volum.e of STAR. 
The description belo\\r is for a single sector. Due to the large number of sectors and the 
tight schedule, sectors will be built in parallel. 

The required equipment is one wire winder, a minimum of six grflnite tables of 
minimum size 8 feet by 12 feet, and a low-humidity clean room with crane capability 
and large enough to hold four of the granite tables and foul' two-man tech teams. In 
order to meet the schedule, two shifts a day are required for a total of eight two-person 
teams. As an alternative, by adding four nlore tables and one more crane, all eight two
person tealns may be on the day shift. 

The first task is to bond the pad plane to the sector casting. The basic workstation 
is shown on Fig. 4C-39. The pad plane is held down to a granite table (surface plate) by 
vat'1lum. A fine Inesh screen lies between the pad plane and the table to make gaps for 
the air to escape as the vacuum is drawn. The edges around the pad plane are sealed 
with tape. This tape barrier is penetrated by hypodermic needles which serve as 
vacuum lines. Epoxy adhesive is rolled onto the sector casting and the casting is 
lowered onto the connector side of the pad plane. Fiducial points on the pad plane and 
the sector casting are positioned relative to each other during this process. The casting is 
held on the pad plane by its own weight; any additional force might well deform it from 
its free state. Any lack of flatness in the casting's free state is filled in. by the epoxy 
adhesive. 

The next step is to take a very fine precision finish cut (a few thousandths of an 
inch) across the back of the sector casting producing the desired thickness for the sector 
assentbly. This brings the reference surface from the front of the pad plane to the back of 
the sector casting. This reference transfer eases subsequent fabrication operations and 
provides a precision mounting surface for the sector I wheel interface. It also provides a 
flat surface to mCltp with the cold plate. 
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Figure 4C-39 A diagram showing the basic workstation for pad plan/? assembly. The'procedure 
for gluing the pad plane onto the sector casting is illustrated. 

The last operation to be performed outside of a clean room is the installation of 
the sector location bushings. 1hese are bushings which locate the sectors relative to the 
wheel and, therefore, to each other. Taking a tip from our predecessors, the bushings 
will be optically located relative to a set of fiducials on a fixture mounted to a surface 
plate. Then the sector, with the pads facing upward, with epoxy in its slightly ... oversized 
bushing holes, will be lowered over the bushings. Using previously-set microscopes and 
the pad-plane fiducials, the subassembly win be moved into position. After the epoxy 
sets, the bushings will be ·permanently located at the proper position relative to the pad 
plane. 

The following operations must be performed in a low .. humidity clean room. If 
the epoxy which bonds the wire grids to their mounts does not cure in a low-humidity 
environment, surface tracking of the epoxy will occur at a lower voltage. If the room is 
n.ot clean, dust particles will settle on the grid wires precipitating arc-overs. 

At this stage, the wire mounts for the field and anode wires are fastened to the 
sides of the sector casting. The mounts overhang the periphery of the pad plane slightly . 
The assembly is set on a granite table (surface pla.te) with the precision surface of the 
casting down. This puts the wire mounts and pad plane facing up and at known 
heights. As illustrated in Fig. 4C ... 40r wire combs are set along the radial sides of the 
assembly and aligned to the pads. The combs are grooved fixtures which define the 
height of the wires relative to the pad plane and also the wire spacing. The wire heights 
are such that they are not actually in contact with the top of the lnounts. If they were, 
the mounts would determine the height, and occasionally lateral position, rather than 
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MO~"TING OF A W1R.E P1..t.m TO A SECI'OR 

Figure 4C-40 A ditJgram illustrating the procedure for mou,zting the wire grids Onlto the pfJd 
plane sectors. 

the combs, which are more accurate. A bead of epoxy is laid over the wire!I;,. It sinks 
around the wires to bond them to the mount while they are held at the proper ~~levation. 
The anode wires will b£ s,oldered to termination pads on the wire mount sll:ructures. 
Anode HV distribution cards with isolation resistors .and bypass capacitors :plug into 
the wire mOWlt structures and provide a fan out of one external high voltageC()nnection' 
per group of 36 anodes. 1"his arrangement will result in 5 bias supply chaln.nels per 
sector and will require two Le'C.roy 1440 bins to service the whole detector. The 
distribution cards a.re located in the drift gas volu.xne to control surface curren.t leakage. 
Figure 4C-41 shows a schematic diagram of the circuitry fot' the anode bias dil~tribution 
system. 

The ~ire mount for the sh.ield grid is installed on top of the wire mount for the 
anode and field grid, and then the grid itself i.s lai.d. down and glued by the same 
method as described above. 

The wire ITlOunt. for the gating grid L., installed on top of tJ,e wire mO\.:llnt for the 
shield grid and the shield grid wires are installed as; described above. 

Final inspection of the completed sector ass·embHes will be performed by 
physicists aided by technicians. They will be looking for shorts, inade·quate voltage 
standoff capabilities, and gas ga.in uniformIty. 
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Figure 4C-41 A diagram of the anode bias distribution circuit. 

Cooling System 

The primary function of the cooling system is to maintain a temperature 
variatiol\ of < 1.0

0 
C for al1 components in contact with the gas. The sources of heat in 

the TPC are the front end electronics, the n\other board j.mmediately following, and the 
resistor chains on the IFC and OFC. When the TOP upgrade is installed, there may be an 
additional heat source equal to 8 kW, from tl,e TOF PMTs, distributed over the OFe. 
The c()oling system is broken down into several circuits for the purpose of this 
discussion. These are the wheel, the sectors, the OPe cooling water distribution systems, 
and the chilled gas cooling for the IFC. 

Cooling manifolds will be mounted on the wheels for distribution of coolant to 
each sector and to the OFC. The coolan.t temperature can be controlled by use of slow 
controls and heat exchangers. The expected temperature gradients will determine the 
amount of manifolding that must be provided. Trace cooling lines can be placed on the 
ope and on the whe'els. 

Excellent temperature uniformity must be maintained over the gas side of the 
pad plane. The source of heat for this region is the front end electronics board. Figure 
4C-42 shows a cross section of the front end ele'ctronics board and the surrounding 
components. The flovV' of coolant through the cold-plate passages will be such that the 
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Figure 4C .. 42 Cooling of the front-end electronics cards using he.at conduits to a cold plate 
which contains extrusiorlS with internal coolant passages. 

direction of flow i.n a given line is opposite that in its immediate neighboJ·s. Since the 
cold plate is a low-resistance thermal path, this scheme will result in good temperature 
unifonnity over the plate. The expected power dissipation on the front end electronics 
chip is 100 mW per channel. Each front end electronics board will be connected to 32 
pads and will generate 3.2 W. The estimated size of the board is 142 x 96 mm. This G .. 10 
front end board will be laminated with an aluminum plate. The aluminum plate has one 
end bent 90° and this tab is attached to the cold plate as shown in Fi.g. 4C-42. The cold 
plate is attached to the sector casting rib. This plate has ports in it which allow the 
installation of the front end boards. The cold plate may be an aluminuln plate traced 
with cooling tubes or be made from many bar extrusions with water passages in them. 
Each cold plate will have an inlet and an outlet connector. If one of the front end 
electronics boards has to be removed, no water connections will have to be broken. 

A preliminary heat transfer calc.'Ulation was made using the ANSYS code to 
determine the gradients that Inay occur on the gas side of the pad plane. This model is 
shown in Fig. 4C-43 and assumes the heat to flow toward the pad plane through the 
connector. The connector model assumes that all the heat goes through the leads. This is 
a result of the very low thermal conductivity of the plastic molded material. It was 
assumed that there were two rows of 2.S4-mm pitch copper leads. The length of the 
leads was estimated to be 15 ntm. The thermal resistance of the leads was calculated to 
be 0.0750 C/W 1m. Elements modelling the leads were assigned a thertnal conductivity 
that, with the heat flow area, matched the value above. A convection film coefficient of 
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qin 

contact resistance 
elements __ _ 

Figure 4C-43 A diagram of the thermal model used to study heat flow in the pad plane sectors. 

10,000 W /m2/oC was assumed in the cooling passage. This corresponds to a typical 
value with reasonable water velocity. The contact resistance at the aluminum platel cold 
plate interface was estimated to be 6.5 x 10-5 m2 °C/W. This value can be achieved with 
a reasonable force exerted by the attachment screws. The equivalent conductivity of the 
pad plane was calculated using results from a submodel consisting of a 3.2-mn1. (1/8 in) 
thi.ck G-I0 plate with and without eu strips along the underside. Subjected to a dummy 
he'at load, the conductivity of the submodel with eu was found to be about three tin-les 
that of the sante model without Cu . 

The results of the ,ANSYS calculations, with the above nominal values, indicate 
that the maximum temperature difference at the gas side of the pad plane is <0.5° C. 
The contact resistance value was increased by a factor of 2 and the temperature 
difference still did not exceed 10 C. 

The IFC cooling can be a.ccomplished by controlling the temperature of the 
insulating gas. A slow flow of gas will be necessary for tenlperature control. Since the 
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IFC is expected to be fabricated from a low heat tran.sfer material, variations in. 
temperature will only occur over long periods of time. 

Gas Handling System 

The gas handling system must maintain high purity gas at well defined mixture 
percentages. Mass flow meters and controllers will be used to measure and control the 
individual components of each mixture. Gaseous components will be nleasured or 
controlled using the standard mass flow meters/ controllers that are presently used in 
the semicondul!tor industry. These units can be provided with an absolute accuracy of 
better than 1 percent and a reproducibility of 0.2 percent. For liquid components, 
custom flow mete:l's will be used. BNL is presently using one based upon thermal 
transfer but there also exist units based on timing a temperature pulse. Each system will 
use a microprocessor based read-out/interface supplied by the mass flow meter 
manufacturer to set the flows and to interface to the slow control systen\ using the IEEE-
488 standard. All plumbing will use standard Swagelok stainless steel fittings and 
bellows sealed valves which are air pressure and hand operated. Chamber pressure will 
be regulated with a closed loop system using capacitance manometer pressure sensors 
and proportional solenoid valves. Both items will be supplied by the manufacturer of 
the flo\v meters. In systems where several chambers share a common gas mixture, a 
mixer will be ernployed that uses one component as a reference to proportionally 
control the flow of the other components, and each charnber will be supplied by a 
separate flow controller. A sub-atmospheric exhaust system will be used to remove gas 
fron, the chambers and vent it to the outside. All on-line primary gas supplies will be 
located in a specially constructed room along with the mixers and associated control 
system interface. Cryogenic sources will be used for inert gases where possible. The 
entire system will be monitored and controlled using the experiment slow control 
system. Monitor chambers will be used with each system to measure changes in gas 
composition. Figure 4C-44 shows one possible systern for supplying P .. l0 to the main 
TPe. 
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Figure 4C-44 A schematic diagra1n of the gas handling system. 

Laser Calibration System 

The laser calibration system will u.se two N d: YAG lasers which will be mounted 
on platforms above the return iron for the magnetic flux (and a.bove the PMTs for the 
EM calorimeter). Each laser will service one half of the central TPC. The primary bearn 
from the Nd:YAG laser has a wavelength of 1064 nm (IR). The frequency will be 
quadrupled with two frequency doubling crystals and the resulting 266 nm (near UV) 
component will be isolated with a harmonic separator prism. At this frequency, laser 
light will induce ionization through two-photon excitation of contaminants in the gas. 
The pulse duration of the Nd:YAG lasers is 5 ns, the energy per pulse is up to 45 nt], 

A.r_7~ 
........ r V 
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and the maximum repetition rate is 10 Hz. 1he beam intensity and polarization are 
controlled by a system consisting of a half-wave plate and a Glan polarizer. The laser 
beam is focused with a two-lens system which produces a waist through the active 
volunle of the TPC. The incident vector of the beam is defined by a two-mirror system 
with each mirror on a ren'\otely controllable kinematic mount with two degrees of 
freedom. ' 

The beam is then transported through aluminum beam pipes to the pole tip and 
then into the magnetic field volume via ,one of the cable conduits. Inside, the beam is 
brought to a splitter ring which is mounted to the TPC wheel. On this splitter ring, the 
beanl is divided by optical elements into six parallel paths that enter the TPC volume 
axially through quartz windows in the IFe support ring and one path that is used for 
alignment monitoring. This beam terminates on' a quadrant silicon detector which 
serves as a fiducial point fOf the origination of the beam vector into the TPC. Figure 
4C-45 provides a diagram of the system. 

Inside the active volume of the TPC, rails are mounted along the IFC which hold 
five beam splitters each. The selni-transparent beam splitters and their mounts will be 
electrostatically shielded so as not to influence the E field within the active volume. 
These splitters direct beams through the active region of the TPC along lines of constant 
1'\. In total, there will be 30 calibration beams per TPC half. An effort will be made to 
balance the power of the beams inside the TPC, but due to the variations in the 
production of the partially reflecting surfaces it is not expected that this can be done to 
better than a factor of hvo. In addition to the 5 calibration beams, the remaining fraction 
of each beam passes through the opposite TPe half and finally terminates on a quadrant 
silicon detector on the back side of the beam splitter ring. Thus the absolute position of 
each beam that passes through the TPC is measured at its entry to and exit from the 
TPC. This defines the vectors and allows detailed monitoring of individual beam 
alignment. 

4.C.S.c Initial Assembl):, & Alignment 

The assembly procedures proposed have relied strongly on information obtained 
from ALEPH TPC personnel. Some of the estimated cost and activity durations are 
based upon their experience. 

Miscellaneous Fixtures 

Several fixtures are required to facilitate certain tasks during TPC assembly and 
maintenance. One major item i.s a test stand that serves as an assembly and insertion 
device. Initially, it supports the OFe to which all other components are attached. After 
the assembly is complete, tests are run while the TPC is on the test stand. After testing, 
it Inay be possible to use this stand as a shipping fixture. After inspection at RHIC, the 
stand may be used as part of the insertion fixture. 

The T.C(':: \lrill be installed into the cyrostat using a central beam. The installation 
procedures are discussed in section S.A,.3. 
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Figure 4C-45 A schematic of the laser calibration system. 
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Another important fixturejs the sector removal tool. This tool is used to initially 
pla.ce the sectors on the wheels and is then used to remove and replace any sectors ~hat 
fail during operation. It must have a m.inimum of 3 degrees of freedom. The sector 
removal tool must be sufficiently stiff that it can maintain the sector to within 1 mm of 
its true position when the sector is being removed or replaced. The space between 
sectors is about 3 mm when on the wheel. If the sector removal tool cannot be made 
sufficiently stiff, then adjustments in the x, y plane must be available to allow the use of 
fiducials and telescopes to guide the sectors into position. 

'IPC Assembly 

The TPC assembly follows a logical sequence of steps that is summarized below. 
At specific points in the assembly, the position of specific components relative to each 
other must be determined. The method of accomplishing this will be discussed later. 

1. The OFe is placed on the test stand. 
2. The high voltage membrane is attached to the ope. 
3. The sector support wheels are attached to the OFC. 
4. The sectors are installed using the sector removal tool. 
50 The IFC is attached to the wheels. 
6. The cooling distribution lines and manifolds are attached . 
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7. The laser system is installed, including the splitter ring. 
8. The gas supply and return are connected. 
9. The pressure tests are conducted. 

10. The front end electronics are connected. 
11. The mother boards are connected. 
12. The cables and optical fibers are connected. 
13. The TPC power is applied - ready for testing. 

The IFe/wheel joint is shown in Fig. 4C-46. It must have provisions for the SVT 
support and also provide access for the laser calibration beams. The !Fe and SVT 
supports are inserted into the east end. The west end has a slip flange. Since the OFe 
and IFe have different coefficients of thermal expansion, compliance is provided by 
fixing one end of the IFC but letting the other end float longitudinally. This type of joi:nt 
should preclude loading the IFC excessively if the operational temperature is different 
from the assembly temperature. During shipping, the !Fe will not be attached tightly to 
the wheel since large temperature swings are expected during the trip across the US. 

Alignment Methods 

The accuracy of component machining and placement must be verified at the end 
of several tasks during the fabrication and assembly of the TPC. This section will 
describe those tasks requiring precision alignment and how it is proposed that they be 
accomplished. For clarity, the discussions will be by components. 

The two OFe rings (shown in Fig. 4C-29) define the parallelism of the pad 
planes. The distance between the pad planes is also established by the distance between 
these rings. While the OFe is on the mandrel, the two rings are brought into position 
over the wound inner aluminum skin. The rings are centered on the aluminum by 
spacers. As the mandrel is slowly spun, dial indicators will measure the runout. The 
ring on one end is adjusted until the average run out is a min.hnum. Dial indicators can 
easily detect 10 Jlm (0.4 mil) of deviatiCJn as the cylinder turns. Adhesive is injected into 
the gap through holes in the ring. This fixes one of the rings in place. ()n the side of the 
mandrel opposite the winding head a 5-m horizontal tooling bar can be set up with its 
axis parallel to the axis of the cylinder. Two optical transit squares are placed onto the 
tooling bar carriage. One of the optical transit squares is placed at the other end of the 
mandrel. The vernier on the horizontal tooling bar will provide the position of this 
square relative to the first one to about 25 ~Lm. Optical tooling scales and the transit 
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Figure 4C-46 Inner field cage and SVT support mounting to the west end of the end cap wheel. 

square can be used to position the other ring edge parallel to the fixed one and locate it 
at the proper distance. This setup will also be used to determine the squareness and 
location of each sector and, therefore, of the pad planes. 

The pad locations can be fixeJ within the artwork to about ±IO J.lm. On the same 
artwork as the pads, fiducials will be drawn at each comer. A bushing placement fixture 
will be fabricated with locations accurate to ±IO J,1m. The use of this fixture has been 
described earlier. This is the same method of bushing placement used in the fabrication 
of the ALEPH 'fPC. 

After the sectors have been installed on the two wheels, the pad plane positions 
and squareness must be determined. The optical transit squares and tooling scales can 
be used for these measurements. This technique requires that three reference locations 
(relative to the pads) be available at the back of each sector. These can be precision 
machin.ed after the pad plane has been attached to the aluminum casting. Their location 
relative to the pad plane can. be held to about 25 J.1.m. After the wheels have been 
at.tached to the OFC, the sectors will be installed. Each sector can be inspected by three 
tooling scales and the transit square. Errors of about 50 J.lm can be detected. This 
corresponds to an angle of about 0.1 mrad over the pad plane of a sector. If a sector is 
out of tolerance, another one must be installed. It may be possible to re-machine the 
back of a flawed sector depending upon the type of tolerance error measured. A small 
amount of shimming may be allowable since the 0 ring seal is fairly large and 
compliant and the differential pressure across it is almost zero. If another sector 
indicates the same out-of- tolerance, the machining in that area of the wheel may be at 
fault. This must be noted and a replacement sector must be shirnmed to fit . 
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Another method of determining the relative positions of the various components 
is the use of theodolites. Various locator pOints are provided 'with permanent holders 
for balls and targets. The balls allow an accurate measure of relative locations bYe I 
coordinate measurement machines (CMM), and when replaced by targets, these same 
locations can be determined by theodolites. It is felt that the optical transit squares and 
tooling bars and scales will be faster and will provide adequate precision. 

Maintenance 

Based upon the operating experience of the DELPHI and ALEPH TPCs, it will 
eventually be necessary to work inside the STAR TPC.The mother boards and front end 
electronics boards are accessible from the back of the ~ectors and sectors themselve~ can 
be removed for service to the pads or wire planes. Any problems with the resistor chain, 
central membrane, the copper stripes, or the laser calibration beam mirrors must be 
handled by personnel entering the tracking volume. The structural support of the OFe 
has been specified to allow a 90 kg (200 Ib) person to stand on.,the interior surface. The 
IFe configuration has been chosen to withstand a point load of 23 kg (50 Ib). This load 
corresponds to a person leaning on the IFe cylinder, but not standing on it. The resistor 
chain and high voltage cable will be located at about the -450 level relative to the center 
horizontal plane for easy access once a person is inside. 

Sectors can be removed and replaced by disconnecting the cables and the mother 
boards and attaching the sector removal tool. This tool should be sufficiently stiff to 
allow removal without using optical sights and mechanical adjustments. If not, then the 
procedures would be the same as those presently used by ALEPH personnel. H possible, 
the design will allow removal without disconnecting the front end electronics, but 
further design \vork must be completed before this is certain. The installation of a new 
sector is the reverse of its removal. It is anticipated that about 24 hours will be required 
to change a sector. 

4.C.5.g Engineering Testin& 

4.C.S.e Trans~rtat:ion, Reassembly & Alignment at RHIC. 

Shipping 

It is proposed to ship the TPC assembled on the test stand. The OFe and wheel 
provide excellent protection for the sectors. The test stand, which must accompany the 
"fPC, is a stable base that can be supported on shock isolators to provide protection 
comparable to that of a typical air-·ride tTuck. The total weight of the assembled TPC is 
7260 kg (8 tons) and the overall shipping size is about 4.3 x 4.3 x 5 m high (14 x 14 x 16 
ft). Conversations with a shippi.ng company indicate that the size alld weight are not 
severe obstacles to truck transport. Other means of shipping will be considered, both 
sea and air transport. Although the TPC could be shipped fully assembled, a more 
conservative plan would be to disassemble it and ship the parts separately. The cost 
estimate includes the tasks of shipping using this plan. 
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4.C .. 6 Testhtg and Calibration Issues 

• Testing and calibration of the STAR TPC will be done using the laser system 
(described in section 4.C.2.b). ' 
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4.D. Front End Electronics 

4.D.1. Specialized Physics Issues 

The 'fPC and the SVT operate on similar principles. In both cases a position is 
determined by measuring the time the electron cloud generated by primary ionization 
drifts towards an anode. The charge is integrated and shaped consecutively by a 
shaping amplifier. The pulse height spectrunl covering the maximal drift time is stored 
in an analog store and digitized. The position of the centroid is then a measure of the 
drift time and the amplitude depends on the amount of primary ionization, leading to a 
position and to a specific energy loss measurement. 

4. D.2. Description of Subsystenl 

Drift velocity, drift length a.nd degree of diffusion determine most of the 
parameteI's for the front-end electronics. For the TPC the standard gas PI0 with a drift 
velocity of 5.5cm/JlS has been chosen a.s the most probable candi.date. The average 
longitudinal diffusion determines the peaking tiIne of the shaper.1t is chosen so that the 
shaping tirne of 180 ns is comparable to the diffusion width of the pulse in the time 
domain. From the shaping time a sampling frequency of approximately 12 M:Hz can be 
derived. Thus the total drift space of 210 em is divided into about 500 time samples. The 
dynamic range of the ADC is determined by several factors: 

a) the signal to noise ratio is 40:1 for a mean minimum ionizing particle . 

b) The difference in ionization between a minimum ionizing particle and a 200MeV Ie 
proton is a factor of 10. 

c) Due to large tail in ionization one has to accommodate at least a factor of two for 
fluctuatioru; . 

Those factors add up to a requirement of 10 bit range for the ADC. Pending precise 
simulations it is felt that the performance of the TPe would not deteriorate by storing 8 
bit words provided that the ADC has a nonlinear response. That could be achieved by a 
nonlinear clock to the ADC or by a look-up table later in the data stream . 

4.D.2.aJ£~ Front~end Electronics 

The charge collected on the TPC pads is amplified and integrated by a low noise, 
low capacitance preamplifier. The step function generated by the preamplifier is 
transformed into a near gaussian shape by a multipole shaping amplifier that corrects as 
well for the lit tail generated by the slow drift of the positive ions. The time history iE 
stored on a 512 sample switched capacitor array (SCA) analog memory that is docked at 
approximately 12MHz (synchronized to the RHIC Collider frequency). After the total 
event is stored on the SeA the cells are clocked out to an ADC (one per channel) for 
digitization. The digitized data are then transmitted to a read-out board for data 
collection and zero suppression before being transmitted off-chamber . 

The preamplifier/shaping amplifier and SCAI ADC devices are two 16 channel 
integrated circuits realized in full custom CMOS technology. The Ie's are mounted on a 
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front-el'td board that is attached to the pad plane by a connector. Each ifront-end card 
contains the electronics for 32 channels and is connected by a cable to the TPe readout • 
board. 

4,.D.~ SIT Front~~nd ElectronJ&§ 

The SVT front-end electronics differs from the TPC electronics since the 
preamplifier is in'tegrated into the detector in the form of a Da1'lington am\plifier and the • 
shaper amplifier does not contain the long time constants necessary fbr the lit tf4il 
compensation. A more det,aileddescription can be found in 4.H.4.2. The! shaping time 
constants of the shaping amplifier and the s,ampling rate of the SCA are c\ldapted to the 
drift velocity, drift distan~, and to the double pulse resolution of the SVT. The precise 
way of packaging the electronics has not yet been decided. A possib\\e solution is • 
desaibed U ... 4.0.4.f. 

4.D.3tl R&D Issues and Teclu\ology Choices 

, The concept for the front-end electrordcs is entirely based on cust()m designed 
integrated circuits. The use of those circuits for TPC ele,ctronics was pioneered by the • 
EOS TPC1, where a fonr channel low noise integrated preamplifier and ~l 256 sample 
SCA2 have been developed. The ICdeveloprnent for fully integrated TI~~C front-end 
electronics has been supported for several years by RHIC R&D funds (RD13). This 
approach is to develop the individual components separately and clombine the 
preamplifier 'with the shaping amplifier and the SeA with the ADC. • 

!LW~Pr.e~m~ 

A new layout ror the 4 channel preamplifier has been comple'ted that is 
compatible with the current design tools. This design can be easily extended. to 16 
channels and can be combin.ed with the shaping amplifier. • 

4.0.3.b. Shaping AmplifiStl: 

The m,ain ernphasis of the R&D program for integrat.ed TPC electronit'.s has been 
the development of an integrated shapitlg atnplifier with time constan1\'S that are 
reproducible within a few percent. This is a complicated task since discrete c1,omponent • 
circuit techniques a.re not directly applicable to Ie design. It is difficult to al=,hieve the 
precision and consistency for the resistors and capacitors needed for uniforn\ity of the 
time constants in an channels. It has been decided to' solve this problem with a simple 
approach which allows us to tri m the time constants by adjusting the capadt,\\'nce. This 
is done on the chip by using svvitchable trhnn'ling capacitors in parallel with the main • 
capacitors. In the final prod ]let the trim ca pad tors will be selected by blowing fuses. 
During the de'lelopment and test phase the capa,dtol's will be selected w'it'h digital 

1 G, Rai, A.A. Arthur, F. Biese,r, C,W. Harnden, R. Jones, S.A. Kl~infelder, 1<. Le'e, H.S. Matis, • 
~t Nakamura, C. McParland, D. NC:J;bitt, G. Ody'n~ec, D. Olson, H.G. Pugh, H.G. Ritter, T.J.M .. Sym,ons, 
H. Wteman, M. Wright., and It Wright, IEEE Trans. on Nud. ScL 37,56 (1990). 
2; S.A. Kleinfelder, IEEE Trans. on Nucl. Sci. 37, 1230.1236(990). 
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r'egisters. The adjustment will be used to compensate for variations in the process 
parameters. Figure 40-1 schematically shows this principle. 

Work on the shaping amplifier has progressed in stages. It was started with a 
digitally trimlned integrator chip and then proceeded to a integrator-differentiator. At 
this stage the amplifier was combined with the existing EOS preamplifier and is now 
being designed with the the digitally trimmed Il'lultipole shaping amplifier. All Ie's are 
built in CMOS integrated circuit technology using the 2 .. metal 2-poly process. No 
external components are required to define the shaping time. 

The matching of peaking times between shaper channels was tested extensively. 
From several Quad Shaper Ie's it was verified that the variation i.n time constants 
between the different channels on the same chip was su.fficiently small to allow for all 
channels to be tuned simultaneously. Thus variations between wafers and process 
variations may be compensated for by setting a three-bit digital code on each chip and 
blowing metal fuses on the chip during testing. 

For the implementation of the shaping amplifiers a high speed operational 
amplifier has been developed that has good bandwidth, is highly stable, and easy to 
compensate. It is capable of closed loop bandwidth of over 25 MIiz at a gain of up to 30. 
This operational amplifier has potential for additional future applications. It is a single 
stage design with open loop gain of about 70 db. 

A new 16 channel multipole shaping amplifier has been submitted. The 
principles of this design are similar to the shaper described here except that it provides 
conlplex poles and has implemented all the necessary shaping including the 1/ t tail 
compensation. 

4.Dr.a.c. SCA 

The SCA (Switched Capacitor Array) is designed to operate as an inexpensive, 
dense, low power, and high dynamic range analog memory, replacing ceo's and 

1 

Figure 4D-l Schematic representation o/the correction caTJacitors. 

4D-3 
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FADC/memory devices in large data acquisition systems. A 256 salnple 16 channel SCA 
has been developed for EOS and this design has been inlproved to 512 samples in 1.2J.L • 
CMOS technology for NA35. Presently we are working to improve the control and to 
eliminate the odd-even effect for the 512 sample design. 

The main features and performance parameters of the latest 512 sample per 
chalmel SCA Ie include: 

-1.2 micron double metal, double polysilicon CMOS process. 
16 Channels per chip, 512 cells per channel. 
Die size 6.8 x 4.6 mm. 

Serial cell addressing, multiplexed and buffered analog output. 

Storage cell capacitance = 1 pF. 

Input capacitance = 15 pF. 

Average readout rate of 1 MHz. 

10 mW Eower consumEtion £er channel at 5 Volts .. -Analog bandwidth of >50 MHz. . 
Rail to rail inEut and oU!Eut ran~e. 
Output noise of -1 mY. 
Dynamic range (single cell, lOMHz) of >4000:1 or >12, bits. 
Non-linearity of .... 1 % over entire range. 

4.D.3.d. ATX 

A pitch-compatible 16 channel 12 bit ADC sub-section (Figures 4'D-2 and 40-3) 
has been fabricated. This follows several single channel prototype fabrications that 
proved monotonic 12 bit conversion with about 11 bit linearity. The single slope design 
is flexible enough for use in less than 12 bit applications. For sse applications, a 62 
MHz digitization clock is applied for a 12 bit conversion in 32 J..LS. A 10 bit conversion 
would take 8 JlS. 

4.D.3.L~temCUe TechnQlogy 

The set of IC's described above is a continuous development derived fron\ the 
EOS effort. There is a parallel ongoing effort to develop a complementary design with 
industry participation. This effort is described in section 4K on the XTPC. Once both 
lines of electronics are available for testing a decision between the alternatives win be 
made based on performance and expected price. This technology choice will have to be 
made no later than January 1993. 

4.D.4. Engineering 

4.D.4.a. Brief 1:ech,nical DescriI2tion & Specifications 

The front-end electronics is located on a printed circuit board that is connected 
with the pad plane at one end by a connector and at the other end to the readout board 
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Frontend Board 

Clock & Trigger 

Power 

Configuration 

Data 

Figure 4D-2 Front end board containing 32 channels of amplifier/shaper and 32 channels of 
seA/ADe with multiplexing to readout board. 

by a cable. 11le arrangement is schematically shown in Figures 4D-2 and 4D-3 and the 
• main parameters are listed in Table 4D .. l. 

Table 4D-l. Front··end board. 

TPC SVT 
PA noise 700e nns 
Min Ionizing Pulse (MIP) input (mean) 28000 e 24000e • 
p A linearit~ rans~ 110 MIP 
input protection 1000pf@ n/a 

1300V --
# of channelseer Ie 16 40 -• 
# of channels ;eer bo~rd 32 448 
1/ t tail correction _yes no ... --peaking tinle 180ns 30ns 

• power cons. per channel 5SmW 15mW 

time constan~unifonni.!l +/ .. 5% -# of time buckets 512 2.56 
analog acquisition rate 12.3MHz 40MI-Iz 

• # of effective bits for ADC 10 10 

• 4D-S 
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Figure 4D-3 TPC electronics overview showing sector layout with pad interconnection to front end boards and readout boards 
with fiber optic connection to off chamber electronics. 

• • • • • • • • • 

{J) 
~ 

~ 
() 

§ 
Q 
." 
E' e 
i t§. 
1:i' -g 
;:l. 

~ 
"'0 
tD 
"1 
~ o 
• 
Q 
::.s n m 

'"0 
2' 
!. 

?? 
(I) 

C§' 

a 
::.s -tr1 a 
~ 

~ 
2, 
n 
CD 

• 



• 

• 

• 

• 

• 

STAR Conceptual Design Report Chapter 4D - C.onceptual Design - Front End IDectronics 

The configuration information and the power for the front .. end board comes from the 
readout board as described in the data acquisition section. The digitized data from the 
ADC's are sent to that board. Front .. end boards are daisy-chained in pairs; 20 are 
serviced by one read-out board. 

The functionality of the SVT front .. end electronics and the components will be 
very similar to those of the PITJC electronics but the actual assembly and packaging will 
have to be optimized for the SVT. Engineering studies are not yet completed. 

4.D.4.b. Desg:iption of Major Components 

The design and the layout for the front-end board for the TPC will be done at 
LBL. Prototypes will be fabricated and tested extensively on test sectors. After a final 
design review the production of the boards "Till be awarded to a PC manufacturer and 
the individual components will be loaded by a specialized.manufacturer. 

The custonl designed integrated circuits will be manufactured by the foundry 
that has done the prototype production. The wafers will be cut and packaged by the 
foundry or by a firm specializing in integrated circuit packaging . 

4.p.4.c. Initial Asse~bly & Alignment 

Manufactured and tested boards will be assembled on a prototype sector of the 
TPe. By populating a sector of the TPC, it will be possible to bring enough front-end 

• and readout boards together to evaluate the performance of the complete system. 
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4.D.4.d. Engin§ering.Testing 

Production testing is of key importance to well functioning electronics. Testing at 
all levels of production is important. The integrated circuits will be tested on the wafer 
with automatic probe stations and only those dies that pass the on-wafer tests will be 
packaged. Packaged dies will be subjected to a complete dynamic functionality test on a 
custom test station that has been d1esigned and developed during the Ie development 
cycle. 

The printed circuit boards are tested as part of the production contract and then 
are loaded with the completely tested Ie's. The assembled boards will be tested on a 
prototype sector for fu.ll functionality and system performance. In addition to providing 
a systen\ mock-up suitable for further testing and software debug, this prototype sector 
will be used during the production cycle for board burn··in. 

~.D.4.e. Transportation, Reassembly &. Alignment at RHIC 

There are two options for the final assembly at RHIC. The TPC sectors and front
end electronics could be shipped to RHIC separately and then assembled and tested at 
the final installation site. As an alternative, each sector could be fully assembled and 
tested at LBL and then shipped to RHIC as a complete unit. 
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4.D.4.f Issues Specific to SVT Front-End Electronics 

4.D.4.f.l Conceptual Design: 

The present working assumption is that the front end electronics consist of a 
Darlington amplifier as an integral part of the detector chip. This is followed by a 
shaping amplifier that has a single differentiation pole zero and four 9 ns integration 
poles leading to a pseudo-gaussian waveform with a (J of 18 ns. This amplifier has a 
voltage gain of 10 and will deliver pulses up to 2 volts on 110 ohm stripline (possibly 
not terminated). The stripline (up to one meter long) is received by the analog memory 
(SeAl ASA). The data are digitized, desparsified by an ASIC, and stored in digital 
memory. Then I/O is done on fiber optic cables. 

4.D.4.f.2 Functional Block Diagram: 

A preliminary electronics block diagram is shown in Figure 4D-4. Table 40 ... 2 
gi yes the electrical specifications. Each detector contains 224 anodes on each end. The 
shaper alnplifiers have 40 channels per Ie. Six chips will serve on each end of the 
detector. There are a total of 30 16 channel seAl ASA chips for analog memory per 
asselnbly. Eight ASIC's are used to read data from the SeAl ASA chips which also 
contain ADC's and calibration Circuitry. TIle ASIC's serve to compact the data and 
organize it for transmission over fiber optic lines. Locally but not on the FEE boards will 
be about 75 T9000 transputers with fiber optic links to remote modular logic as part of 
the DAQ chain. Cooling using low pressure tlleakless" water is being concidered for 
both the detector end and the FEE board end of the system. There are 72k channels in 
162 detector-cable-FEE assemblies. 
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Table 4D-2 SVT Electronics subsystem performance. • Amplifier - Shaper 
Channels/Ie 40 
Gain 10 
Rise time IOns 
Power 2 mw/channel • 

Analog Memory / ADC 

Channels/Ie 16 
Segment Size Variable • 
Power 10mw/channel 

ASIC/Memory 
Digitization Time <8ms • 
Power 1 watt/60 channels 

Transputer /lnput-Output • Total Digitization Time <lOms 

Power 2.8 watts/448 channels -- -
• 

• 

• 

• 
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4.E. Trigger Detectors 

4.E.l. Specialized Physics Issues 

The goals of the STAR trigger system are listed in Table 4E-l below. Because the 
expected QGP observables will involve a combination of signals, a large emphasis will 
be placed on a minimum bias survey for p-p to Au-Au collisions at turn-on, with the 
addition of simple selection on the centrality of the event. The STAR Phase 1 trigger 
system is expected to provide a reliable minimum bias trigger for all systems from pp to 
Au-Au with sufficient redundancy to understand biases and efficiencies and to provide 
the ability to select varying degrees of centrality and asymmetry. As the interesting 
physics becomes better defined, the trigger system will require a continuous evolution 
during the experiment. Thus, the flexibility for trigger upgrades is esserltial to the program of 
the STAR detector. Following the initial survey runs of central and peripheral A-A 
collisions the trigger system must be able to select rare events which are characterized 
by unusual.." q, distributions and signals from hard scattering processes. 

Table 4E .. l STAR Trigger system goals . 

Minimum Bias 

Detect Au-Au interactions with> 95% efficiency 
Detect_p~ interactions with> 50% efficiency 
Locate Au .. Au vertex to within ± 6cm in < 200ns 

Detect multiple events occurring within 40J.lS 

Detailed Event Selection 

Select highest 2.5% of multiplicity distribution in < 200ns 

Select high transverse electromagnetic energy 
Select on geometry of hit patterns 
Allow simple integration of upgrades to trig~er system 

4~E.2. Description of Trigger System 

The Phase 1 trigger system is shown in Figure 4E-l and listed in Table 4E-2 
below' . .It consists of a central trigger barrel (eTB), vertex position detectors (VPD), TPC 
end cap MWPC's (MWPC), veto calorimeters (\'C) and output frorn the EMC. The eTB 
is a cylindrical array of scintillator slats with photomultiplier tubes at each end, 
surrounding the outer surface of the TPC and designed to record charged particle 
multiplicity for 1111 < 1. liits are recorded in a pipeline TDe and total light output is 
integrated to give multiplicity. The TPC endcap MWPC's are instrumented to yield hits 
on each anode wire, providing multiplicity in the range 1 < 1''11 < 2. The VPD's are 
Cherenkov radiators directly coupled to rings of PMTs. The radiators are located at z = 
± 3 m to determine vertex position and to detect multiplicity fronl 3.3 < I Tli < 3.8. The 
VC is placed at z = ± 17 m to detect spectator fragments rernaining from peripheral 
collisions as a means of detecting large impact parameter events. Output from the EMC 

4E-1 
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3255 

WAGNET RETURN fRON 
EM OAl.ORIUETER (EMe) W,PRE-SHOWER & SHOWER-MAX 

MAGNET CRYOSTAT (SOL) 
CENTRAL TRIGGER BARREL/TOF 

TIME PROJEOTION CHAMBER (TPC) 

"'----''--~:::....--..... =====:J=.::..--:=::::-::=:--: .. :-=-:::-.-:.:.~-:------------------- ----.,.--~------

1-----210()---~ 

Figure 4E-l Quadrant view of the STAR detector system showing baseline trigger detectors: 
EM Calorimeter (E,MC), Central Trigger Barrel (eTB), Vertex Position Detector (VPD), TPC 
endcap MWPC's and Veto Calorimeter (VC). 

Table 4E-2 STAR Trigger System Detectors. 

DETECTOR 1111 # channels 
Central Trigger Barrel (CTB) 0-1 200 
TPC Endcap MWPC 1-2 2000 
Vertex Position Detectors (VPD) 3.3 - 3.B 50 
Veto Calorimeter (VC) >5 2 
EM Calorimeter (EMC) 0-1 1200 
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is used in the first and second level triggers to select on transverse electronlagnetic 
energy and d2Et/dl1dq,. The first level trigger is formed by a threshold on the hardware 
sum of all PMT signals. The second level trigger is formed in a dedicated CPU which 
receives digitized eignals from e~ch PMT. A block diagram of the trigger system 
electronics is shown in Figure 4E .. 2. Figure 4E-3 shows a central Au-Au RHIC event 

EMC 
CI'B 

EJ- CAMAC 

1-1..L.... ___ --L...I...I 

DAQBUS 

Trigger 
CPU 

3m Level 

,:TAR 
rfRIGGERS 

\, 

Figure 4E-2 Block diagram of trigger electronics. Shown are the VPD, EMC and CrB 
multiplicity units fonning the first level trigger coincidence with the Veto Calorimeters, the 
pattern unit in CAMAC, and the trigger control cornputer. The first level trigger in the baseline 
has VPD, fMC, CTB and VC as switchable inputs. The second level is made in the computer 
from input register input from each PMT hit and from the MWPC hits, and can be programmed 
for any hit pattern. This can be based on existing CAMAC units, with trigger "yes" indicated 
using an output register. The third level assumes input from the TPC and uses a con.trol CPU to 
determine real track patterns of interest. Note that level 2 and 3 will benefit from learning from 
the simplest triggers what patterns will enrich the data stream, although the pattern can be 
selected a priori from any model. 

4E-3 
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200 Ge V /u Au-Au (FRlTIOF) 
dN/dll vS.l1; b=O.3915 fm 
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Figure 4£-3 Central 200 GeV Au-Au event (FRITIOF), to show the "typical" particle density 
in rapidity. Shaded regions indicate the coverage of the CBT, fMC, MWPC and VPD trigger 
detectors. 

generated by FRITIOF with the pseudorapidity coverage of various detectors indicated . 
. Note that the trigger detectors serve to sample the multiplicity and transverse energy 
distributions, but clearly cannot give a complete picture of large scale fluctuations over 
a range as large as 11'\1 < 5. 

Level 1 Trigger 

We expect the STAR detector to be capable of recording at least one central Au
Au collision or 30 p-p interactions per second. The RHIC luminosity is expected to 
produce 103 Au-Au collisions or 106 p-p interactions per second ~,n the diamond 
volume. We have devised a flexible trigger, configurable to select a wide variety of 
event types, from minimum bias to the highest multiplicity "central" events selected on 
the basis of both multiplicity and transverse energy. The system will be able to 
determine that an interaction has occurred, determine its location in the diamond, and 
decide if the multiplicity or transverse energy is high enough and the number of 
spectators low enough to flag a central event. It will work for both p~p and Au-Au 
collisions. The specifications of the levell trigger system are listed in Table 4E-3. 

4E-4 
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Table 4E·3 Specifications of the level 1 trigger system. 
7TW Ud&J 

Specifications of the level 1 trigger 

Selection of the highest 2.5% of nlultiplicity distribution with 90% efficiency 
(based on CTB and ~1WPC hits) -Determination of z-posilion to ± 6 em to keep events inSide optimum SVT 
acceptance (based on VPD) 
Detection of multiple events within the TPC drift time 
~~tion of pr~jectil~ spectator n:tcleo, __ ~...;.....;;(~bas_\\I __ !_d_o_n_V_C....;)~ _____ _ 
Determination of the total transverse electromagnetic energy for collision 
centrality s,election (based on EMC) 
------~--------------------.-----------,--------------

l&l!el , Trigie.I 

A second trigger level will provide more elaborate signals within 50 JiS. The!.e are 
preselected patterns in the CTB, the MWPC, and the EMC. Level two trigg~~rs will be 
based on level one trigger detectors and require in additiol1 a computer contr'olled 
multiplicity logic unit. The specifications of the level 2, trigger system are list.~d in Table 
4E-4. 

Table 4E-4 Specific.(ltions of the level 2 trigger system. - - . - ........ ---''''-' _ ... -
Speclfica Hons of the level 2 trigge~ 

•• 
Decision available withi.n 40J.lS - - , 

~!~ction of m,=ltie1e events "'_1 f_ 

Determine 8eo.metric~1 hit p~~!~(?.r.asymmet~ sel~!!.on.s on multilpHcity __ 
Determin~ion ~f the tr~nsverse electromas.n~~ ... c ener.11tior d2Eti ~~,L 
Corr~~,of EMS and mult~plicity detectors for ~.!!'!!!..l! -

Level 3 Ir.i~ 

, • Decisions on the time scale of ms will be based on. extensive processing of track 
and calorimeter data in real time to look for high-pt tracks and energy clusters 
co!'related with jets or for large scale fluctuations in multiplicity or Et. High level 
algorithms will determine energy and charge cluster centroids, track parameters and 
momenta for sonle subset of the detector output. 

,. As more infornlation is gained about the RliIC environment enid as the! STAR 
systern evolves this system will be augrnented with additional inform,ation frorn other 
detectors such as a high granularity TOF array and the silicon vertex tral:ker to 
constrain <Nc> and geometry. The system is expected to evolve from small Hvetime 
operation, reflecting selection uncertainty~ to large livethne operati(,n resulting from 

i. highly selective triggers that ret1ect increased knowledge of the collision topologies. The 
Phase 1 trigger system has been designed with evolution in mind, 
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4.E.3" Capabilities of Subsystem 

~entral Trigger Barrel (erB) 

Chapter 4E - Conceptual Design .• Triggel' 

A barrel of 200 slats on the TPC outer surface subtends 1111 < 1. Each slat counter 
consists of two R3432-01 proximity focusing mesh dynode phototubes optically coupled 
to a radiator 1.5 cm x 6.25 em x 4.2 m. The fabrication and assembly for the slat counters 
proceeds in a similar manner to the shingle counters (see section 4.]). The slat counters 
are mounted two abreast in the Inodule trays foreseen for the shingles. Note that there 
is an effective sweeping field that curls up charged particles with transverse momentum 
less than 0.15 GeV Ic before they reach the outer surface. This cut eliminates 15% of the 
charged particles that would otherwise hit the barrel. The t.otal m\.lltiplicity distribution 
for 500 A.uuAu events is shown in Fig. 4E-4. Also shown is the correlation of total 
rnultiplicity with hits in the eTB. To trigger with 90% efficiency on the top 2.5% of this 
distribution means that we must be able to detect multiplicities greater than 1750 in the 
barrel. Shown in Figure 4E-5 is the total number of photoelectrons seen in the eTB. 
There is a strong correlation suggesting the system will be able to select the upper 2.5% 
with minimal contamination. 

Vertex PO.J.ili.on Df-tectors (VPI?l 

Figure 4E .. 6 shows dN/dn vs 1'\ for 1000 pp collisions, with 95% inclusion bars on 
each point. Assuming the VPD are 5nl apart, and that we need. to determine time 
differences to L\t < IBOps (6cm at p =1), we need to confine our analysis to particles 
having ~ > 0.988. The flux of such particles at 2.5~n from the target at an angle of 
4/250::0.016 rad is seen to be > 50 for Au-Au but -1 for pp. Since the VPD subtends -0.5 
units of pseudorapidity, the coincidence rate for pp \vill be only 26%. However, 70% of 
the pp collisions will cause at least one hit in the VPD and> 99% of the Au-Au collisions 
will lead to nlultiple hits in each VPD. 

TPC PrQ!lW.t Output (MWPC) 

There are about 9,000 MWPC outputs which can gather the charge deposited by 
tracks which directly impinge on the TPC endcaps covering 1 <111 I < 2. Similar 

• 

• 

• 

• 

• 

• 

• 

considerations to those discussed for the barrel apply to this system. The two systems • 
each cover two units of pseudorapidHy. The direct readout of the TPC, however, can 
have finer pseudorapidity granularity which will allo\v triggering on dNc/dn 
fluctuations on an event-by-event basis. 

A fast multiplicity trigger will be made using the TPC endcap MWPC's. By 
reading out the 9K anode wires in 2 K separate segments it will be possible to measure • 
the number of particles in. the range 1 < 1111 < 2. The segmentation in cp is determined by 
the end cap design and in " by the requirement that the density of partides per segment 
be uniform. The electronics will be mounted directly on the individual endcap segments 
with a minhnum number of connections to the rest of the system. 

This trigger requires an amplifier discriminator combination for each segment • 
vvhich has a low effective input impedance (less than 100 ohms), a peaking time of 30 ns, 
system noise of less than 1500 electrons and Eel.. output levels (this circuit could be 

4E .. 6 
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SOl) min biu Au Au • Multiplicity distribution 
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Figure 4E-4 Charged particle multiplicity distribution for 500 1ninimum bias AuAu events and 
the scatter plot of charged multiplicity VB multiplicity in the barrel region I 711 < 1. Note that 
the top 2.5% of the histogram have M > 6000. This implies that the barrel must count reliably 
abo'oe 1750. However, the correlation for AuAu is quite tight, 50 selecting on M > 1750 will not 
lead to serious contamination from lower M events . 

based upon an Ie being developed for the SSe). An ASIC would be designed that 
would act as a gated latch with multi-layer buffers for each input. This circuit would 
have a prompt logical OR output along with a prompt cluster multiplicity output (this 
could be generated using an adder tree). Multi-layer buffers would also be provided for 
these outp,uts. Test and mask inputs for each channel would be provided using serial 
data tra.nsmission. Each chip could have all outputs remotely disabled. Multi,.layer 
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Trigger barrel - 200 bars 
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Figure 4E-5 Total charged primaries vs number of phot'oelectrons generated in the 200 slat 
barrel. Note that this is an almost linear function, but that it assumes ideally matched PMT's. 
It will be difficult to rrzatch PMT gains to better than a few percent, so that this method may 
limit the o1Jerall efficiency of tile trigger for selecting the highest 11lUltiplicities. 
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Figure 4E-6 The 1/N(dn/d17) distribution for 1000 pp interactions. Error bars are 20' to show 
the dispersion in the densities at each pseudorapidity. For the pp case, only 26% of the events 
u'ill yield one or more hits on each VPD. Hawever, at least one VPD will be hit 70% of the time. 
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buffers are provided in order to store for the several crossing intervals that it is 
anticipated it will take to form the final hardware trigger. It should be noted that this 
ASIC could be used with other detectors (e.g., barrel array) to form a part of the overall 
trigger system. 

EM Calorimeter 

The Electromagnetic Calorimeter is described in section 4.1. It measures a fraction 
of the total transverse energy whir.It stems to a large exten.t from photons and electrons 
which in turn result from nO decays. It will be used alone to select centrality and 
fluctuations in Bt, and together with the eTB to select events with unusual ratios of Et to 
charged multiplicity . 

. V~to Calorimeter (Vel 
Addition of veto calorimeters beyond the first dipole magnets in the beam 

transport system provide information on collision geometry (impact parameter) 
independent of the Et and Nc values at midrapidity. Proton and neutron spectators are 
well separated from the collider beams at a distance of 17 m from the interaction point . 
At this point calorimeters with slots to allow passage of the beams could be raised into 
position after a beam fill to detect spectator energy. This possibility is n.ow being 
investigated to determine the additional information such detectors provide in 
increasing the efficiency for detecting large inlpact parameter collisions. 

Trigger Electronics 

The trigger electronics has three main components, reflecting the three levels of 
triggers. The first is a specially designed fast circuit to determine the vertex location 
based on VPD signals; the second is a computer controlled multiplicity logic unit to 
select fast hit patterns; the third is a dedicated CPU for making tracking level trigger 
decisions. The block diagraln is shown in Figure 4.E-2. All single PNIT s and logic nodes 
are expected to be read into event scalers to monitor system integrity and provide 
overall normalization for cross section determination. The first level trigger includes 
selection of the eTB multiplicity and Et, and for events that give hits in both VPDs t 

selection of the vertex location. CTB and EMC anode currents are sUlnmed for first level 
multiplicity and Et information. A trigger processor will be used to form the first level 
trigger and to keep track of the different first and second level triggers formed. 

The vertex location unit accepts inputs from all VPD discriminators. These are to 
be stable at better than 30ps electronically. Each input has a separate trimmable delay 
line. VPD PMT's within a given detector unit are equidistant from the vertex to better 
than lcm. The detector is timed by taking a sample of high nlultiplicity events and 
tuning the delay lines so that the fa..c;test signal from each PMT arrives at the same time 
\vithin SOps to the vertex locator coincidence unit (VLCU). The V'LCU requires a 
coincidence between the first arrival of any VPD ring signal and the first arrival of any 
opposite side VPD rin.g within 360ps. The mean time for this coincidence is delayable to 
select regions \vi thin the interaction diamond. 

4E-9 
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The second level trigger is determined by a computer controlled pattern 
recognition unit. Each eTB and EMC PMT and MWPC discriminator signal is sent to 
this unit and different nlasks are applied to determine whether events satisfy various 
asymmetry conditions. This unit can incorporate EMC upgrades without change in 
archi tecture. 

Third level triggers will evolve as we understand the RHIC environment better. 
It is the third level trigger which should focus on definite signatures which suggest the 
new physics. Such a system needs to be managed on an interactive basis. 

IMC 
The Trigger Manager Computer (TMC) is an interactive work station which 

manages the trigger systern in a stand-alone mode, but which shares a bus system with 
the main DAQ structure. It displays the trigger status with a variety of pictorial 
representations, it controls prescaling, and modifies the trigger structure for calibration 
purposes and for time-share among various trigger configurations with different 
physics goals. 

4.E.4. R&D Issues and Technology Choices 

The technical constraints on the CTB tri.gger systen1 are sumnlarized below in 
Table4E-5. 

Table 4E-rJ 

Constraints 

1. rnagnetic field interference 8 BIB < O.OO} ---
2. mass for interference with downstream detectors < 5 XO 
3. radiation hardness survive 10 MGy 
4. slat insertion access; need to swap out individual detectors in situ. 
5. radial thickness at r=2.06m f01" barrel volume> l1cm 

6. upwards .,£omEstible with TOF arra~s and SVT - .. 

Research and developn1ent is required for the various trigger detectors. 

ell PMT bases: We expect local HV generation and discriminators on each barrel 
PMT, with fiber optic communication from the trigger computer to set 
thresholds a.nd voltages. This has been solved in principle but not in our 
identical application. 

• Fiber cOlnmunication : We expect all logic levels and COlnputer 
communication to be accoInplished via optical fiber. This requires 
implementation of the receive/transmit operations for our PMT's and register 
logic. 

• Slat response: We would like to compare the response of fast scintillator and 
wave shifted Cherenkov radiator for this application. 
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-Variable lOps delay line: for tuning the leading edges of the PMT signals 
fronl the VPD PMT's, \ve will need a computer controlled delay line having a 
precision of better than SOps. This is an interesting development project which 
can be accomplished with variable numbers of gates on a chip for each delay 
line. 

• PMT timing: Much progress has been nlade in testing the mesh anode PMT's 
that have small effect on or by the magnetic fields expected at the locations of 
the barrel and VPD's. However, we would like to continue this investigation 
and test process so that we select the best possible PMT's for the experiment. 

Note that the trigger system will undergo a vigorous upgrade program and will 
require continuous R&D. 

4.E~5. Engineering 

4.E.S.a. Brief Technical Description & Specifications 

The erB, VPD and VC all require significant engineering to fit within the STAR 
environment with minimal impact on other systems. 

4.E.S,b. Qescription of Major Components 

The CTB and VPD will be fabricated from standard materials at LBL and the 
participating university labs. The VC will be fabricated at Frankfurt. 

4.E.S.c. Initial Assem1;>ly & Alignment 

The VPD is a simple and small detector that fits snugly around the beam pipe in 
easily removed segrnents. Thus it presents no particular assembly problems. The eTB 
will require special attention to assemble within the STA'R detector. The VC sits well 
outside the area occupied by the STAR magnet a.nd TPC. 

4.E.S.d. Engineering Testing 

This centers primarily on the electronics issues associated with the trigger 
processor and the vertex loea ting unit. 

~E.5.e. Transportation, Reassembly & Alignment at Rf'UC 

The trigger barrel and VPD are easily shipped and assembled at BNL. Slats will 
have an assembly jig for uniformity. The VC will arrive as separate detector units for 
installation. 

4.E.6. Testing and Calibration Issues 

Test beams will be required for PMT, slat and VPD unit testing during FY93 and 
FY94. Each unit can thereafter be tested using a laser. 
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4.F. Data Acquisition 

4.F.t. Specialized Physics Issues 

The STAR detectors represent a challenge for data acquisition. First, the amount 
of data arising from a single Au-Au interaction is much larger than an event 
encountered in any previous detector system. Even at the modest interaction rates 
expected for the heaviest systems, the data rate is more than an order of magnitude 
greater than can be reasonably accommodated by a magnetic tape logging system or by 
subsequent analysis requirements. The bulk of the data (80%) for the STAR phase I 
detector arises from the TPC. Much of the remaining data is generated by the Silicon 
Vertex Tracker (SVT). The structure of the data is similar for both devices. This 
discussion will focus on the TPC data however, and more specifically, the central TPC. 
There are 140K pads in the central TPC. Each pad represents 512 time samples. Thus the 
number of pixels in the central TPC is 72 million. For a 10 .. bit digitization per time 
sample, the full pixel space of the TPC corresponds to 90 MByte per event. While most 
of these pixels are empty (pedestal only) for a given event, the STAR detector represents 
a departure from previous collider TPC experiments in that the pixel occupancy for 
STAR is significantly larger than has been previously encountered. As predicted by 
event generators for the case of a central Au-A,u collision, the pixel occupancy varies as 
a function of radius from 28% (at r=53 cm) to 3 % ( at r=190 em), vvith an average 
occupancy of 10%. 

Merely suppressing the sub-threshold (empty) pixels in the data stream reduces 
the TPC contribution to the event size to -12 MByte, including a 20% overhead for 
encoding the zero-suppressed data. It will be possible to record events of this size on 
magnetic medium at the rate of -1 event/sec. It should be pointed out that there are 
two separate limitations to the performance of the DAQ system: 

1) The system is event rate limited (independent of the nature of the event) by the .... 5 
msec digitization time of the ADCs, but 

2) The back end of the system is data rate limited to .... 20 MByte / sec by the capabilities 
of the taping hardware that can be purchased within the STAR budget. 

For the case of p-p, the multiplicity of any triggered event will be considerably smaller 
than that of a central Au-Au event. However, because of the 40 JlS drift time of the TPC, 
there will be many overlapping, non-trigger events read out in addition (see Section 
4.C.3). Simulations show that the zero-suppressed size of a p-p event relative to a 
central Au-Au event is roughly 3% for p-p at design luminosity for vs=200 GeV and 
100/0 at design luminosity for ..Js=500 GeV. Thus, a system capable of writing central Au .. 
Au events to tape at l/sec will write p-p events to tape at 3D/sec at ..Js=200 GeV and 
lO/sec at -Js=500 GeV. Even for p-p collisions, the performance is limited by taping 
speed rather than by the digi tiza tion tinle of theADCs. 

An increase in the recorded event rate is possible by further compressing the 
event. This could be accomplished by converting the stream of above-threshold samples 
to space points (centroids, areas,. widths) corresponding to each cluster. Due to the 
density of tracks, especially at the inner radius of the TPC, extraction of space points 
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from th~ pad response is a non .. trivial matter. The TPC data from the outerlnost 
padrows, however, are relatively uncomplicated. The low pixel occupancy makes 
simple hit-finding algorithms quite effective in dealing \vith these data from this region 
(see Appendix 1). This suggests the possibility of using these data as the basis of a 
(third-level) trigger based on, e.g., rapidity distributions, cuts in Pt-

4.F.2. Description of Subsystem 

The DAQ subsystem is designed to meet this challenge in a variety of ways. First, 
in order to record events at the highest possible rate, the events will be reduced in size 
by either of two methods. The least problematic of these is to remove the sub-threshold 
pixels from the data stream, retaining pad responses for only those pixels above 
threshold. Additionally, an effort is being rnade to develop algorithms to convert 
responses for a cluster of neighboring pads to space point co-ordinates: centroids, 
widths" and correlation coefficients. The most difficult part of this task is recognizing 
problem situations <e.g., overlapping clusters) and dealing with them, either by 
retaining the information in its original form, or by developing alternative methods. It is 
recognized that delivery of the entire event (empty pixels included) from the TPC 
readout boards to the receiver crates would present a bottleneck which would limit 
throughput to -15 Au-Au events/sec. This is to be compared with the Au-Au central 
collision rate, -SO/sec. In other words, transportation of the entire event would result in 
a dead' time of >70 per-cent. In the STAR DAQ subsystem, the below-threshold pixels 
will be removed from the data stream on the detector readout board, using a custom Ie 
(ASIC), allowing a data transfer rate of >50 events/sec, limited only by the conversion 
time of the digitizers. 

4.F.3. Capabilities of Subsystem 

The DAQ subsystem will provide two major functions in STAR. First, it will act 
as an event builder. That is, it will assemble data originating frorn digitizers 
appropriate to each detector subsystem, into a form suitable for recording on a logging 
medium and for distribution via a network to analysis and monitoring tasks. Second, it 
win allow for information ariSing from the detector subsystems to playa role in the 
decision to keep or reject each event, on a time scale short compared with the time 
required for event building (third-level trigger). It is expected that rates >50 events/sec 
will enter the trigger processors and that data will be recorded at rates from 1 to 10 
events/sec, depending on the technology choice for tape recording systems (see below). 

It is expected that future upgrades to the system \vill not result in a larger data 
rate to tape. Rather, it will involve better event selection which will arise from 
improved third-level trigger algorithms and from increased processing power (larger 
trigger farm) to implement these algorithms. 

4.F.4. R&D Issues and Technology Choices 

• 

• 

• 

• 

• 

• 

• 

• 

• 

The DAQ subsystem has been engineered based on an architecture which uses • 
the newest transputer family members, the T9000 RISe processor and the Cl04 packet 
router. This technology has been chosen for two reasons: First, the total cost/MIPS 
(including all necessary ancillary components, interfaces, etc.) is much lower than for 
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any other processor family. Second, the overhead in hardware and in software to 
network large numbers of processors together is virtually non-existent. Both issues are 
important in the STAR application. Some of the parameters which characterize the 
performance of the 19000 CPU are listed below: 

T9000 Characteristics 

Pipelined, superscala'r RISe architecture 
200 MIPS peak performance (75 MIPS sustained) 

Multitasking scheduler impiemented in hardware 
4 bi .. directionallinks (total throughput 80Ml3ytes/sec) 

ProgTammable memory interface (160 MByte/sec bandwidth) 
~ , 

On-chip cache 

CI04 Switch Characteristics 

32 bi .. directional ports 
, Packet routing switch 

Aggregate bandwidth 640 MByte/sec 
Packet la tency 1 JlSec 

An R&D project is underway to provide sufficient familiarity with transputer 
technology to allow an evaluation based on hands ... on experience. This will include 
simulation of T9000 performance, which has been carried out using a simulator 
provided by Inmos, for STAR benchmarks, e.g., hit .. finding algorithms. Early in 1993 
this effort will be expanded to running code fragments on two communicating T9000 
CPUs. Neither the T9000 nor the Cl04 router is avaHable for purchase at the time of this 
writing. While the manufacturer (Inmos .. SGS Thomson) insists that both will be 
available by the fourth quarter of 1992, the STAR collaboration must be prepared for the 
eventuality that the appearance of these products is delayed beyond the time when a 
technology choice must be made. To this end, other technologies are being examined to 
assess their suitability for this application. One of these alternate technologies is that of 
the Fibre Channel (see Appendix 1). This te'chnology would provide the transport from 
the receiver crates to an event builder which would use the Fibre Channel as its 
backbone. An R&D project (see Appendix 1) will pro'lide realistic benchlnarks for a 
scaled-down version of the switching network necessary for STAR. In order to meet the 
scheduling goals for DAQ, a technology choice will have to be made no later than July, 
1993. 

A second technology decision that has to be made is the choice of the recording 
system. This decision will be postponed as long as possible. Tape recording technology 
continues to evolve; presently a recording system can be purchased which will provide 
a data rate capability of ..... 16 MByte/sec for a cost of $100K. It is expected that, in 2 years, 
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a system with equival~nt performance will be available for $50K. Earlier recording 
needs, related to requirements for detector testing, will be met with modest tape • 
systems (e.g., Exabyte Smm drives with rate capabilities of 0.5 MByte/sec). ' 

4.P.S. Engineering 

4.F.S.a. Description of Major Components 

The DAQ system consists of several parts: the readout boards, the optical fiber 
transport, the receiver crates, the third-level trigger, the logger, and the workstation 
interfaces. 

1. The readout boards. 

In the case of the TPC, each of the readout boards (Fig. 4F-l) contains a custom 
chip (ASIC) which moves the data from the SCA-ADC chips to a RAM, re-ordering the 
data and pedestal correcting them in the process. A second function of the ASIC is to 
generate lists of pointers to clusters of above-threshold samples in the RAM. One ASIC 
serves 64 pads (4 SCA-ADC chips). 

The readout board also contains a T9000 transputer, which fetches the data 
pointed to by the cluster pointers generated by the ASICs. One T9000 transputer serves 
from 4 to 16 ASICs (256 to 1024 pads), depending on the radial location of the padrow. 
The transputer performs the additional function of formatting the data and managing 
its output via a 10 MByte/sec link which is transported off the detector, using optical 
fiber technology, to the receiver crate system. 1heT9000 can also respond to incoming 
commands to perform housekeeping functions, including calibration management, 
loading pedestal tables, or shutting down a malfunctioning SCA .. ADC. 

Front End modulea 

Readout board 

SCNADC 

~~~Jf!J 
~l 

ASIC 
1 

SOA/ADe 

Figure 4F-l Block diagram of a readout board for the TPC (for the case of 512 pads served by one 
readout board). 
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The readout scheme for the XTP is identical to that for the TPC. The SVT readout 
is similar in principle; however, the number of channels served by one readout board is 
different from that for the TPC (see SVT FEE description, section 4.D.2.b). 

2. The optical fiber transport. 

The optical fiber transport implements a bi-directiona110 MByte/sec T9000 link 
between the readout board on the detector and the receiver crate. Each bi~directional 
link is bas~d on 4 optical fibers (2 ill each direction) using 125 Mbit/sec technology. 

3. Receiver crates. 

The receiver crates contain thE! event builder and the third .. level trigger, both 
implemented using T9000 processors and C104 packet routers. The incoming data are 
transfonned from optical fiber nledia to 19000 link signals, then fed into C104 routers. 
Each CI04 router contains 32 bi-directional ports. The incoming packet, formatted at the 
detector readout board, contains a header which is used by the router chip to determine 
the exit port to which it is directed by the router chip. Thus each packet finds its way to 
the appropriate T9000 in the event builder and/or trigger processor based on 
information embedded in the packet on the readout board. 

The receiver crates \\rill be inlplemented using an industry standard backplane, 
e.g., Fastbus or FutureBus-plus. In neither case will engineering be required to 
implement the crate hardware, power distribution, or cooling. A preliminary 
configuration for the boards which fill the crates is illustrated in Fig. 4F-2. The external 
logic or "glue" necessary to support a T9000 is negligible: RAM and a 5 MHz crystal. 
Thus a large number (>10) of the processors can occupy a single board. The number of 
detector-mounted readout cards which can be served by a single receiver board is 
limi ted to ..... 8 by the real estate required at the card edge to mount the fiber optic 
connectors. The physical configuration shown in Fig. 4F-2 can support a variety of 
logical configurations due to the flexibility offered by the C104 router switch; two of 
these logical configurations are discussed in the following sections. It should be noted 
that the 1'9000 network spans board boundaries by the use of two links on each board 
connected to its nearest neighbors. 

4. Event builder. 

The event builder must funnel the i.nformation from .... 200 readout boards from 
the TPC and a smaller number from the remaining detectors into a single event, whence 
it can be committed to a recording device and made available globally via the network. 
For both of these ends, a backplane. interface will be used. One of the T9000 processors 
on each board will interface to the crate backplane through its men"\ory interface, thus 
allowing the use of commercially available tape systems and network interfaces. 
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'--It-..... T9000 memory· VME Interfaee 

A VM Ebus implementation of the crate system unit 

Figure 4F-2 Block diagram of VMEbus implementation of tlte crate system board, containing 10 
T9000 transputers. The RAM associated with each T9000 is not shorDn. This board serves 8 
readout boards. 

A fragment of the event builder topology is illustrated in Fig. 4F-3. This 
arrangement is realized using the physical layout shown in Fig. 4F-2. The connections 
between T9000s are virtual links; i.e., they do not correspond one-to-one with the 
physical links shown in Fig. 4F-2. The virtual links are connected by the CI04 routers 
(not shown in this figure). 

The architecture shown, with event fragments funneling into a single T9000 
which provides the interface to the backplane, provides throughput of up to 40 
MByte/sec. This is well in excess of STAR's requirement for backplane bandwidth, 
which is ..... 20 MByte/sec, di,<:tated by the performance of affordable tape systems. 

5. Third-IevellTigger. 

The third-level trigger makes use of information obtained from the outermost readout 
board in each sector (8 padrows). The packets are directed to the trigger processors as 
described in the preceding paragraph. In general, the workload will be divided up so 
that a small patch (for example, 8 padrows by 64 pads) is assigned to each T9000 proc
essor. Dividing up the real estate in this fash:on creates boundary problems: each 
processor needs information on pad responses which is now in the memory of a 
neighboring processor. In the transputer architecture sharing this information is 
effortless; ease of communication among processors is one of the strongest arguments 
for this architecture. 
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from TPe readout boards from TPC readout boards 

from TPC readout boards from TPC rs'sdout boards 

Figure 4F-3 A fragment of the event builder'. The con'Jections between T9000s art~ virtual links 
(see text). 

Figure 4F-4 shows the kind of arrangement that can be realized us:l.ng the el04 
router tf.) implelnent the logical links necessary to connect neighboring l~~OOOs which 
share the rut-finding task for a single padrow. 

6. Tape logger. 

The tape logging device will make use of a commercially interfaced system if at' 
all possible. Interfaces to high .. performance tape drives through HIPPI ar.~ likely to be 
available in the re'quired time frame. The choice of a tape techn.ology will b.! made at the 
latest possible time (end of 1993). The t'atiollale for this is that the number of drives re
quired is not small: 2 are required online,'2 Dlore are required for off1.ine~ analysis and 
copying, and collaborating institutions willl"equire drives as well. (Thus, the difference 
between a. $50K and a $100K unit rnight well be $400I<!) 

7. Work.c;tation interfaces. 

It is expe,cted that aU of the human interface to the DAQ system '\i~n take place 
through workstations with good graphics and high-speed network conlmunicatiorlS. 
TIlese workstations will be used to host tools u.sed in development and debugging of 
code running on the detector readout boards and in the receive,r crates. lieavy use will 
be made of X-Windows-based tools and t€'chniques. 

~~F.5.b. svr Om, AC.Q..uisitiQ!1 

The silicon drift vertex detector (SVT) consists of 162 detectors. Each detector is 
read out on two edges with each edge containing 224 an.odes, for a total of 72,576 
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from a single TPC readout board 
(4 pad groups) 

hit finding 

T9000 

track parameters 

Figure 4F-4 A fragment of tile arrangement necessary to perform tracking calculations for 
trigger purposes. 

readout channels. The disposition of readout hardware at the detector is somewhat 
different from that of the central TI'C (see section 4.D.2.b). The number of T9000 boards 
requ.ired is approximately 75 (Fig. 4F-,5). 

4.F .2.C. XIP.l2ata Acquisiti.QD. 

The external TPCs (XTP) are not part of the STAR phase I detector system, and 
thus have not been discussed in any detail. The readout requirements are similar to 

• 

• 

• 

• 

• 

• 

those of the central 11'C. The principal difference is the smaller number of pads (22000) • 
ill the XTP, requiring -1/4 the number of 1'9000 boards and associated fiber optic links 
compared to the central TPC. . 

i,F.5.d. EMC Data A~.QYjsitiQl1 

The requirements for the electromagnetic calorimeter (EMC) are rather differ'ent .• 
from those of the systems discussed above. Becau.se of the small (1200) number of 
channels, the need to store the analog signals during the time a first-level trigger i& 
being formed will be addressed by cable delays. The digitizers will be com.mercially 
available Fastbus AIX.:s. Thus the readout requirenlents for EMC consist of reading the 
contents of the ADCs contained in a single Fastbus crate. This system will be integrated • 
into the STAR DAQ by an interface which connects a commercial Fastbus master via a.n 
optical fiber pair to a dedicated interface in the sta.ndard STAR recei.ver crate system. 

Upgrades to the EMC detector, notably 30K channels of shower-max. detector, 
will require a totally different approach to this problem, based on analog pipelines 
implemented in custom chips. Such solution.s are currently being developed for several • 
collider experiments, and it is expected fhat any upgrade to the EMC will make use of 
one of these developments. 
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t-t-.-------One detector module tJ.t 

SeA/ADCs SCAlADCs SCNADCs 
(64 anodes] (64 anodes) (64 anodes) 

OptJca~ fiNr. 
2 2 

Figure 4F-5 Block diagram of the SVT readout. Each. detector module contains 3 ASICs (one per 
64 anodes), Three detector 'modules ,are linked together to the readout board, which contains the 
T9000 and the optical links to the receiver crates. The T9000 assembles data prepared by the 
A SICs. . 

!tES.e. DAQReguiremertts During IJ.litial Assembl~ 

The final installation of the detector subsystems in the Wide Angle Hall will be 
finished in early 1996. At that time, the DAQ subsystem q\ust be functional in all 
important respects. Much earlier, however, there will be a need to test parts or 
prototypes of the STAR detector components using cosmic rays, lasers, radioactive 
sources, or test beams. To accomrnodate this need, a few mini"DAQ systenlS must be 
available by mid .. 1994. They should be capable of running independently of each other, 
should be capable of recording data, and should be functionally as similar to the final 
DAQ systeol as possible. In particular, the parts of the DAQ system which reside on the 
detector and which perform operations on the data stream (Le., pedestal suppression) 
should be available for testing at this time. While having these systems identical to the 
final product would be d.esirable fronl the point of view of improving the final DAQ 
system, it is not necessary in order to· test detector perfox'nlance. For exarnple, these 
systems could be configured using workstations, Bmm tape systems, and an interface to 
the readout electronics to be used in the fina.! system. Such a configuration would 
provide the required. functionality without impacting on limited resou.rces. 

4.F406. Engineering Testing 

A prototype of a part of the planned readout board will be built and tested using 
the SCA-ADC chips appropriate to the final design, prototypes of the ASIC, etc. 
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Completion is anticipated by 4Q 1993. A single optical link (4 fibers) will be built and 
tested in conjunction with the prototype readout board. Completion is anticipated by • 
2Q 1993. A prototype of the receiver card, partially populated, will be tested in 
conjunction with the above~lnentioned prototypes. This card prototype should be 
completed by 4Q 1993. 
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4.G. Computing 

The job of the on-line computing is to establish a high degree of reliability in the 
data recording process. If the recorded data are incomplete or incorrect, then the on.,line 
computing has failed. An important part of this process is to alert the experimenters to 
any failures of the apparatus of the STAR detectors in a timely way so that repairs can 
be made with minimum loss of running time. One of the best ways quality assurance 
measures that can be applied is to carry the analysis of on-line data through to physics 
analysis. This is accomplished by performing the analysis steps which are traditionally 
part of the off-line analysis on a sample of the data on-line. 

4.G.l .. Specialized Physics Issues 

Significant issues for the online computation are: 

1) The large number of tracks in the TPC for Au beam operation. A single central Au
Au collision at IUlIe energies is expected to put more than 5000 primary charged 
tracks in the central TPC. This causes serious loading of the available TPC pixel 
space and loss of inforrnation from the merging of overlapping hits. The efficient 
and accurate reconstruction of the tracks from Au-Au collisions is the benchlnark 
for the design of the "fPC and the TPC tracking code. This has a direct impact on 
the global on-line event reconstruction task. 

2) The need for resolution adequate for some HBT measurements. The measurement 
of the predicted size of the plasma source, tens of fenni in radius, by detecting the 
enhancement in identical particle correlation at smali mOIllentulrt differences, will 
require a momentum resolution significantly better than 10 MeV/c. This also 
pushes the capabilities of the TPC design and the accuracy attainable by the TPC, 
SVT a.nd global event reconstruction codes . 

3) The goal of reconstructing strange particle decays using the SVT and the TPC 
together. We propose to detect strange particle decays by reconstructing vertices in 
the SVT detector and measuring the momenta of the secondary tracks in the TPC. 
Matching the tracks from the two detectors is another challenge for the tracking 
and event reconstruction code . 

4) Evaluating the efficiency, bias and stabili ty of the various triggers is another 
important aspect of the on .. line computing system. This reflects on the accuracy and 
reproducibility of all the physics measurements performed with this detector. 

S) Monitoring the performance of the various detector subsystems, i.e. the efficiency 
for particle detection and particle identifica Hon and position resolutions is also a 
critical feature of the on-line computing which has a direct impact on the physics 
measurelnents. 

4.G.2. Description of Subsystem 

• The on-line computing is essentially a complex software systeln. The hardware 

-e 

requirements of the on-line computing system are determined largely by the rate at 
which data is to be processed for the monitoring functions nlentioned above and the 
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large size of the individual event data. The software requirements are driven by the 
functions to be performed, including monitoring and control of the detectors and 
presentation of infonnation about the state of the experiment to the operating crew. The 
user interface will be designed so that this crew need not, in general, be specialists in the 
on-line software. 

The computing hardware is describable in terms of the scale of the resources' 
needed. We have no special hardware requirements beyond the current state-of-the-art, 
although the choice of a good architecture can reduce costs and improve efficiency. 
Perhaps the most worrisome hardware issue is the storage of the massive data 
generated by the experiment. I-Iowever, this is largely the purview of the data 
acquisition system designer and will mostly impact the offline computing task. 

It is envisioned that each detector subsystem will, in the course of designing and 
testing prototypes and through the final construction phase, acquire a computing 
system for the diagnosis of the performance of the detector hardware. These systems 
will cOlnmunicate with their users and with other computers over Ethernet. These 
systems are expected to continue to provide significant monitoring of the detector 
hardware during on-line operations and to contribute to the on-line information 
database by responding to queries over the network. Some of the software developed 
for these systems will serve as prototypes for the complete on-line monitoring system. 

The complete reconstruction, on-line, of a small sample of the events is the 
chosen goal which sets the scale of the main on-line computer hardware. If we choose 
for the most complicated events to set that sample at 5%, we need 250 Mflops for the on
line event reconstruction~ which is a large enough system to make its cost a significant 
factor in the choice. 

The sofnvare must be well designed and will require unwonteJ discipline on the 
part of the writers, \vho rnust be the physicists and graduate students of the 
collaboration for the n\ost part. The size of the project mandates an organized and 
professional approach to the software. No part of the on-line software can be regarded 
as "private" code. For reliability, on. .. line programs must be fault tolerant to the extent 
that they are virtually imlnune to the appearance of any spurious bit pattern 
whatsoever in the data. 

The performance monitoring and control requirelnents provide the goals for 
defining the majority of the on-line software components. The distributed nature of the 
computing hardware defines the base level environment for the software systems. 
Given these considerations the software components must provide for: (a) management 
of calibration, configuration, and performance data, (b) a software development 
environment which defines interfaces enabling individuals to contribute to the larger 
system, (c) standard user interfaces for operation and control of the various processes 
and (d) other utility services that all progralllS will require, e.g .. error handling, message 
service, etc. 

The goal of on-line reconstruction of the largest events means that there is a large 
overlap between the on-line and offline code. A special requirement of the on-line 
software is a tool for queries to the ephemeral database and pr~sentation of the returned 
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information to physicists and engineers in control of the experiment. This tool must 
have an intuitive graphical interface that is easy to use by people who are not computer 
specialists. These tools must provide information about the data and the detector to all 
levels of detail. 

4.G.3. Capabilities of Subsystem 

The scale of the system is designed to provide full analysis of event data on-line 
at a rate of 0.05 to 0.1 events/second, i.e. 5% to 10% of the data acquisition rate. There 
are many other tasks on the menu of the on-line computing system. Indeed, the 
shakedown and startup of the apparatus finds physicists and engineers often staring at 
hexadecimal dumps of the data. Nevertheless, the need at a later stage for a good 
analyzed event sample in the on-line database sets the scale of computing needed. 
Present analysis of simulated event uses about 1 Mflop-second per track. Thus the event 
analyzer task requires 250 Mflop on-line. Input to the system is mostly via a high speed 
direct connection to the DAQ event 'recording systeln. In advance of the actual on-line 
analysis, major computer support is needed for the code developers. The generation of 
simulated events and especially the simulation of the interaction of the event particles 
with the detector materials requires more CPU power than the actual event analysis. 

The performance monitoring and experiment control capabilities of the on-line 
computing system amount to the major portion of the software system to be built. This 
system needs to be able to display a history of experiment performance (total 
multiplicity, dN I dY, N+ .. N-, etc.) as a function of time and trigger conditions. It also 
must be able to display detector-element position resolutions as functions of time, 
trigger type and other slow control parameters (drift velocity, pressure, temperature, 
high voltage). In addition to displays, the monitoring programs must be able to sound 
alarms when any of the necessary performance parameters drift out of tolerances. These 
capabilities impact the data management and information display characteristics of the 
on-line conlputing. 

4.G.4. R&D Issues and Technology Choices 

The design of the software is the major task. Acquisition of hardware should be 
timed to anticipate needs and to capitalize on progress in cost/perfornlance. This means 
that software must be platfornl independent to maximize hardware choice. As the most 
platform independent operating system around, UNIX nlust necessarily be a part of 
every physicist's environment. Most of the code will still be written in FORTRAN, with 
a gradual implementation of the newer features of Fortran90. 

In addition to defining and carefully designing the features and functions of the 
on-line computing system, it is clear that one of the first things required in order to take 
advantage of the available labor pool of non-computer professional physicists (graduate 
students, post-docs, etc.) is a framework providing the interfaces that can be used in 
developing the various functions of the on .. line systenl, A joint (STAR and SDC) R&D 
effort to develop such a framework is underway at LBL. 
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In light of the rapidly evolving computing industry it is necessary to make 
careful decisions on which industry standards, both hardware and software, are used in • 
developing the on-line computing system. Identifying the current standards that are 
best suited to STAR is one of the tasks that should be completed soon. Following the 
development of new standards is an ongoing effort. 

User 
Graphics 
Workstations 

STAR 

FODI Ring 

IBM RS6000/350Farm 

isk Farm 

• 

• 

• 

• 

• 

• 
Figure 4G-l Hardware components of the on-line computing system. Connected to a central 
FDDI ring over Ethernet are the subsystem hardware monitors labeled SVT, TPC, and Sol (for 
the nUlgnet), The main data acquisition systerrl with its high speed VIiS tapes is markR~ DAQ. • 
The on-line host computer (OLH) controls the event processor, shawn as a set of 12 RS6000/350 
RiSe workstations. om also maintains the on-line database. The lIse,. Graphics Workstations 
provide the consoles for the experimenters to interact u,ith the online system. 
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4.G.S. Engineering 

4.G.S.a. Brief Technical Description & SpePfications 

The figure shows the components of the system located at the 6 o'clock hall. 
Connected to a central FOOl ring over Ethernet are the subsystem hardware monitors 
labeled SVT, TPC, and Sol (for the magnet). These systems are the main providers of so
called "slow" control and monitoring. The main gata acquisition system with its high 
speed VHS tapes is marked DAQ. The on-line host computer (OLH) controls the event 
processor, shown as a set of 12 RS6000/350 RISC workstations. OLH also maintains the 
on-line database, the hardware for which. is labeled Disk Farm in the figure. The 
presentation of the data to the experimenters is accomplished by code running in the 
User Graphics Workstations (UeW), at least one of .which has a very high resolution 
event display. 

Not shown are the code development workstations which have no reason to be 
located at the experimental equipment. Indeed, given the distribution of the personnel 
of the collaboration, code development will take place on three continents. 

The schedule for delivery of computer hardware will be driven by the detector 
development and will be placed late in the cycle to take maximum advantage of the 
steady improvement of the cost-performance ratio that characterizes the computer 
ind us try. The schedule for the software development is much more pressing and 
mandates the early formation of a core group to work together on design and 
implerrlentation of the infrastructure that will facilitate the work of the programmers 
contributing to the sub-system and physics code. 

4.G.S.h. Description of Major Hardware Componen~ 

Code Development Systems 

Currently the STAR share of the RI-IIC computer system supports about a half 
dozen workers at their own workstations or X terminals. The expected doubling of the 
CPU and some increase in file support should handle twice that number. To reach full 
productivity a central STAR system will be acquired of about the sante capacity unless 
the RHIC system expands to that level (i.e. about four times present CPU power and 
disk capacity). In any case there will be a need for perhaps twenty personal 
workstations to serve as access ports to the central systems and local support during 
network failures. The reliability and capacity of the international networks should 
continue to in1prove so that workers can contribute from home institutions in the ·U.S. 
and outside. 

On-line Detector Subsystem Computers 

These will range from a PC for small detector elements (e.g. magnet monitor) to 
larger workstation systems (for the TPC). All must conform to network and STAR 
communication standards. 
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On ... line Event Processor System 

This system will require a multiprocessor computer of at least 250 Mflops total • 
capacity with 25 GBytes of disk. The choice of system will depend on the market at the 
time. Coarse grained parallelism is ade.quate to provide timely event analysis, that is the 
use of multiple processors can be on an event-by-event basis. Possible solutions could 
be three or four of the SGI Inultiprocessor RISe systems or a larger farm of IBM 
RS6000'8 (say about 1/7th of the current FNAL IBM system) or of DEC alpha • 
computers. 

On-line Event Processing Host System (OlH) 

The host of this system will have a high speed link (FODI) to the DAQ system for 
rapid on-line sampling of raw event data. Slower network (Ethernet) access to all the 
detector subs'ystem computers will enable this system to maintain a rotating up-to-date 
database of all experimental parameters as well as some raw and processed complete 
events. This database will be 'stored in a disk farm of at least 25 GBytes which with 
current designs requires 15 disk drives on two SCSI (or fac;ter) buses. User workstations 
will access this database over Ethernet for on-line event display and monitoring of the 
complete detector. Also in .. he OLH system will be two tape drives capable of reading 
the main DAQ tapes, baselined as VHS systems,~ This is to enable quick recovery into 
the on-line event pool of the raw data for previously recorded events. This is in addition 
to the tape systems of the DAQ system itself. 

Network Capacity 

The processor farm will be served raw event data at an aggregate rate of 500 
KB/sec (10 MB Au-Au events processed at 3/minute) and the return of processed 
events will add a similar load. Thus the processor farm backbone must sustain 1 
MB/sec total, a rate currently achievable over Ethernet. To allow for expansion and the 
possibility of handling larger events, the system is shown as configured around an 
FDDI ring with the use of two CISCO AGS/2 routers (boxes labeled R in the figure) to 
interface the Ethernets of the processor farm and that serving the hardware subsystem 
computers and supplying processed event data to the experimenters. The DAQ 
computer and the OLH are interfaced directly to the FOOl ring. 

4.G.5.c. Description of Major Software Components 

The code development system includes: 

1) A centrally located library of all current software with tools for installation, 
program generation, and version control. 

2) A database of real and simulated event data from all detectors. 

3) A set of parameter files describing all detector components. 

4) A documentation systenl mostly derived directly from the operating software. 

The online operating system includes: 
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A manager process to handle systematic replacement of the on-line database with 
up-to-date records of event data and slow monitor data and to service requests for 
data records from the UGWs. The database must be large enough to hold a fairly 
complete record of running configuration data and data summaries for a period of 
months as well as complete data for a recent raw event sample (hours) and an 
accumulation of "interesting" even~ (days). This will be an independent process 
from the on-line event analysis control. The latter will supply the processor farm 
nodes with event records and retrieve processed data records. 

An on-line .database inquiry and display system running in the UGWs will use 
. graphics based on the XII standard. The future development of the CERN library 

tools such as KUIP and PAW will be important. STAR software needn't reinvent 
the histogram. Unfortunately CERN support for projects with no CERN basis is 
desultory. A staff of STAR CERNlib experts will be necessary. 

We must reconcile the desirable features of commercial databases with the 
special needs of physics data. If a commercial database is chosen it must have user 
"hooks" and considerable user customization is required. If a physics-inspired tool like 
ZEBRA is the basis, then the user interface can be built to specification. 

4.G.5.d. Engineering Testins 

Some Computer Aided Software Engineering (C.l\SE) tools will be needed. Any 
such tools need to be usable over the network and on the systems where the code must 
be used. This rules out most PC-based tools. No theoretical Inodel of software 
engineering is yet established as a panacea but techniques like Object Oriented 
Programming have demonstrated advantages. No automatic system or principle can 
take the place of serious design effort by experienced people and thorough testing of all 
software modules. 

4.Ge6 .. Testing and Calibration Issues 

Full simulation of all detector subsystem da.ta outputs will be produced to serve 
as testbeds for all software components before construction. As detector components are 
built and operated, simulation will be upgraded to match measured performance. A 
means of examining the calibration of single channels and complete detector sub
systems will be part of the on-line software system. 

4.G~7. Off-line Computing 

The nature of the off-line computing load will change rapidly in the early stages 
of the experimen.t. The following is a likely scenario. Data will initially be passed 
through the DAQ system without benefit of on-line filtering in order to provide a data 
base from which to develop an efficient algorithm for the filter. The size of these events 
will be large. For the TPC it is 140000 pads times 512 time buckets times 10 bit ADC = 90 
MB+. A few hours of such running (at a rate limited to maybe 0.25 liz by the taping 
speed) once the TPC is functioning well, should provide an adequate database for the 
filter tests. This kind of data taking will be repeated at regular intervals for a while until 
the filter algorithm is stable. It is likely that the optimum filter will be developed in 
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stages, simple zero-suppression conling first, time cluster finding second, full 3-D 
cluster finding later. Of course, the initial filter algorithms will be developed before 
RHIC turn-on, but final tuning will be done on RHIC produced data. 

A few hundred hours of level 1 trigger running should give an adequate sample 
of mInimum bias and coarsely selected "central collision events" to test and develop 
secondary triggers. . 

With well developed hardware triggers and DAQ pre-processing, a selective run 
of central collision events will give a survey of "soft" physics at RHIC. At a 1 Hz rate the 
database will grow at the rate of one million events for every 300 hours of RHIC 
operation. Note that 1 liz is still only a few percent of the essentially central collision 
rate at nominal RHIC luminosity. This event database will form the resource fOr the first 
searches for rare processes as well as for the physics signals expected for common 
events. The characteristics of the Urare" (;?vents will drive the development of 
sophisticated triggers so that the 1 Hz recording rate can contain the highest yield of 
"rare" phenomena. 

The critical system requirement for the off-line computing is that events be 
reconstructed at a rate that keeps pace with the recording rate of experimental data. 
That rate will vary with the sophistication of the trigger system and at the beginning 
~vil ~ be limited by the recording rate of the data acquisition system. The scale of the off
line system is set so that at each stage it will be possible to reconstruct the most difficult 
events at a 1 Hz rate. At present the shnulation of events by the CERN GEANT program 
requires about three times the reconstruction time. It will eventually be necessary to use 
large-statistics samples of simulated events to evaluate acceptances and event 
reconstruction efficiencies as well as derived particle identification, momentum, and 
angle resolutions. This will require improving the event sirnulation efficiency by using 
hybrid simulations that replace full simulation of some detector features by 
parametrizations where possible. Nevertheless, the total scale of computing required is 
several times that n~eded for a 1 Hz event processing. 

After event analysis, physics output will require handling a large database of 
processed events with inquiry and event selection from multiple high performance 
workstations, some of which must have excellent graphics displays. The design of this 
system to meet real user needs is more challenging than the relatively straightforward 
processor farm. The database must provide a hierarchical structure of data summary 
files, allowing rapid summing for statistics of slnall data records, backed up by more 
complete event data (all the way back to the raw data) to allow closer examination of 
selected events. The Monte Carlo events generated for acceptance and resolution 
measurement are kept in the sanle database. The software for Inanipulating this 
database would either be built on a commercial database system, adding features 
required by the special needs of large physics experiments, or by developing the 
necessary tools around an existing system for handling physiC's event data, like ZEBRA. 
Either approach requires substantial design and implementation effort, though much of 
it could be developed in cornmon with other experiments in heavy ion and high energy 
physics. 
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4.H. Silicon Vertex Tracker 

4.B.1. Specialized Physics Issues 

The Silicon Vertex Tracker is a high resolution tracking dE~vice 'with a spatial 
resolution that is equivalent to 18 million pixels (72576 channels ): 256 time samples) 
distributed over 3 layers at radial distances of 5,8 and 11 em from the interaction point. 
It greatly improves the tracking capabilities of the STAR detector below' transverse 
momenta of 150 MeV Ic, extends the particle detection scheme to short lived neutral and 
charged strange particles, and allows the study of KOs-Ko s correlatic)ns. In this chapter 
the specific physics issues addressed by the SVT are discussed. 

4.H.1.1. Flavor Phy~kl 

Particles containing strange or heavy quark.s are of particutar interest for the 
study C'~ hot and dense hadronic matter and the possible formation of a quark-gluon
plasr~\a. ~jtrange quarks will be the most frequently produced heavy quarks. Therefore 
strange particle detection is one of the primary goals of STAR. For the' determination of 
the total strange quark content in an average event both, mesons and baryons must be 
cons.:.de,~cd, since it is unclear what fraction of all s-s pairs appear in hyperon
antihyperon pairs. This fraction was found to be 0.09 in the baryon ... ridl regime at lower 
energiesl and around 0.15 in Tevatron p-p interactions.2 

The various types of strange particles are detected and identified by different 
methods. Charged long-lived kaons will be identified by ~easuring their energy loss 
(dE/dx) in both TPC and SVT. Short-lived particles (KOSI A, A, a-, a-, I(m < Ct < lOan) 
are detected via their weak decay into charged particles. Identification of Sh..lnge 
particle decays, i.e. the separation of the decay tracks from those tracks v~hich originate 
from the primary interaction point, requires precise information on the lTack position 
close to the interaction point. Therefore a high gr,anularHy SVT placed just outside the 
beam pipe is foreseen. Its capabilities will be described in detail below. 

The STAR tracking detector system will address also the detection 01T the • meson 
which contains tlhidden tl strangeness. Its detection efficiency will be enhatnced due to 
the fact that the STAR vertex tracking ~ete·ctor will allow the dete/ction of the 
asymm.etric decays (see chapter 4.H.l.2.). The 4- meson has a. short lifetime and thus a 
measurable width. The rneasurement of th.e invariant mass with a resolution of the 
order of the $ width (4 MeV) lnay allow a study of the variation of the \\ridth of the ~ 
meson with the size of the reaction volume. This requires an ex~nent invariant mass 
resolution provided by the SVT. 

The experhnental situation i.s much more colnplicated in the case of cha.rmed 
particles due to significantly shorter life times (e.g. c1:(Do) ~ 126 Jim, c't(o:t) =300 J.lm as 
compared to CtO<°S> :::: 2.7 on) and slnall production cross section (a(c)/a(s) about 10-2). 
liowever the existence of a high resolution SVT detector positioned. close to the 

------~.--

1 H. Bialkowska et aI., Warsaw Univ. Preprint IFD/l/1992, J. Bartke et aI, Z.Phys. C48(l990)91. 
".. ... • ~" .... ~ •• '.. • --- - "" - -"+ _... • ~-
- A .i'\.leXOpUlOS et iU., r'ducl.!#nys. J\:>'/""'O~YIHO:>C. 
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interaction point may allow the Dleasurement of charmed. particle production. The 
detection efficiency of 0°(0°) decays into K-+rc+(K++x-) has been studied. via Monte 
Carlo simulations.3 This reaction was chosen because of its relatively lar~~e branching 
ratio (3.7%), the high efficiency of identifyhlg the decay products and the relatively low 
combinatorial background. The analysis has shown that the open charm signal to noise 
ratio is 1:1 for '1 ()6 central Au + Au. collisions. The development of new algorithms is in 
progress. Ai 

ilil.2. ExtensiQD. of STAR A~tan9t to LolY..ft 

TIle Silicon Vertex Tracker in STAR provides a powerful tool to extend the 
acceptance of the TPC to low momentum tracks. FRITIOF simulations of central Au+Au 
events show that the transverse momentum distribution of ernitted particles at 
midrapidity will in general be peaked around 300 MeV Ie. The lower TPC limit for fully 
efficient track reconstruction is 150 Me V / c. Therefore a considerable part of the event 
will be measured by inclusion of tracking in the SVT alone. In addition, recent results of 
AGS and CERN experiments have shown that low Pt physics is an interesting topic in 
relativistic heavy ion physics in itself.5,6,7 In the following we state th~ main physics 
issues that can be addressed by STAR if a detector like the SVT is employed in 
connection with the TPC. In chapter 4.1-1.3.2 we describe a first attempt of tracking in the 
SVT, 

a) The low Pt enhancement measured in pion Pt speclTa below 200 MeV Ic emerging 
from heavy ion interactions at relativistic incident energies8,9,10 is still not 
understood. An overview of the diversity of recent theoretical approaches is given 
in [11]. A measurernent of the low Pt part of the spectrum for a variety of particle 
species (K,n;,p etc.) at RI .. UC may allow an understanding of the origin of this 
phenomenon. It also allows a more accurate assessment of the rapidity distribution 
of identified particles in the pseudorapidity range covered by the TPC, by 
integrating over the full Pt range in each rapidity bin. A probable uncertainty based 
on the extrapolation of a Pt spectrum measured by the TPC to Pt = 0 is eliminated. 
This uncertainty is increased by effects like a low Pt enhancement. 

b) The correlations of many low mOlnentum particles is in general attributed to 
collective effects. Recent predictions of localized plaslna formation ('Van fio'Ve 
bubbles',12 ) nlight Ie'ad to correlated ha,dronization of low Pt particles, which can 
be investigated by measuring fluctuations of the yield in rapidity. 

3 S. 'Margetis, ,K. Wilson, STAR .. SVT note 9/20/91. 
4 M.Gawzkki, W.Retyk, STAR note Warsaw 1/92. 
5 T. Akesson et a1.,z.Phys.C46 (lm)361. 
6 H. Stroebele et al.,z.Phys.C38 (1989)89. 
7 B. Jacak, Nud.Phys.A525 (l991),ilc. 
8 T. Akesson et al.,z.Phys.C46 (990)361. 
9H. Stroebele et al.,z,.Phys.C38 (1989)89. 
108.. Jacak, Nucl.Phys.A525 (l991)77c. 
11 E.'/.shuryak, Nucl.,Phys.A525 (1991)3c. 
1.: i... van Hove, AnnJ"hys.l92 (1989)66. 
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c) Many particle short-range correlations in rapidity can be measured with high 
accuracy. Factorial moment calculations and other more general intennittency 
theories could be verified on an event by event basis because of the high 
multiplicity in a central Au+Au event. Measuring these correlations at low Pt 
would shed some light on the scale invariance of short range correlation 
functions. 13 

d) Since the phase space density is highest at low' Pt I coverage of this part of the 
spectrum will enhance considera.bly the number of close pairs per event and thus 
single event two particle correlation capabilities (HBT measurements). The two 
track resolution will be improved considerably compar~d to a TPe .standalone 
perfonnance (see chapter 4.H.3.3.). 

e) The low Pt capability of the SVT also provides an extension of the TPC 
measurement of ~decays into charged kaons. Since the most probable c1» decays ar~ 
asymmetric, this results in at least one decay particle with transverse momentum 
below 500 MeV Ie. 

f) Based on a theory by T."D.Lee which postulates the occ·urrence of a 'cold' QGP, 
Bjorken14 speculates that the orientation of the vacuu.m in the cold phase (chiral 
condensate) could be different from the orientation outside c:)f a QGP bag. If this is 
valid at hadroniza.tion tiIne, the plasma emits on an event by event basis an 
unusual particle:'ratio during relaxation (reorientation) i.nto the exterior vacuum 
direction. Production of particles with charges in the interior vacuum direction are 
preferred. Bjorken calls this interior phase a disoriented chiral condensate. He 
postulates a coherent emission of low Pt particles of a certain charge. The so called 
'centauro events' which were observed in cosmic ray experiments Jnay be an 
experimental indication of possible fluctuations of the low Pt pion yield. By 
measuring the cross sections of charged low Pt pions event by event in the SVT as a 
function of (:~ntrality it should be possible to sort out unusual particle fluctuations. 
A correlation with neutral particles measured in the calorimeter also determines the 
n±/x<> ratio . 

. 4.J-I.l.3. K
O 
s.lnterferomet'Q'.. 

4.H.l.3.1 Motivation 

Two-particle Bose .. Einstein cort'elations have the potential to fjrobe the space
time structure of the particle emitting source and rnay carry a sign.ature for QGP 
formation.15,16In order to extract space-time infonnation, final state interactions17,18 and 

13 N.M.Agababyan et al.,Phys.Lett.B2.61 (1991)165. 
14 J.Bjorken, 'A FAD detector for sse', BNL·CoUoquiun·tp May 1992. 
15 S. Pratt, Phys. Rev. Lett. 53, 1219 (1984). 
16 G. Bertsch, M. Gong, and M. Tohyama, Phys. Rev. C 37,1896 (988). 
17 M. Gyulassy, S. K. Kauffmann, L. W. Wilson, Phys. Rev. C 20, 2267 (1979). 
18 M. G. Bowler, Z. Phys. 09, 81 (1.988). 
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resonance formanon19,20 must be understood. Kaons offer significant advantages over 
pions in these regards21,22,23,24,2S,26,27,28. In particular resonance production, which 
increases the apparent size and lifetime of the source, is less important for charged and 
neulTal kaons29,30. Moreover K+ and KOs con·elation functions can in principle be used to 
remove the distortions due to resonances.31 Another argument for KOs HBT studies is 
the absence of Coulomb repulsion which plays an important role for charged kaons. A 
comparison between the correlations functions measured for charged and neutral kaons 
would enable a quantitative assessment of the effect of Cou}onlb repulsion if the same 
phase space is covered for both particle species. Finally some interesting and potentially 
important consequences arise from the fact that the KO s is not a strangeness eigenstate. 
The KO s ... Ko s correlation. includes a unique interference term that provides additional 
space-time information32 as well as insight into possible strangeness distillation 
effects33,34,35,36 in cases where the baryon density of the source is appreciable. If the 
kaons come from a baryon-free region, the expected KOs correlation function has the 
conventional form.37 

Central Au+Au collisions at RHIC are expected to produce on the order of 230 
short lived neutral Kaons per event. Of these we expect to actually detect 10-20%. The 
corresponding sample of KOs constitutes the basis for the study of K~s-Kos Bose Einstein 
correlations. Such a study is helped significantly by the fact that it is not affected b~ 
twcrparticle resolution linu.tations which are crucial in charged particle correlations: K 
mesons are identified and measured by their decay into charged pions and these pions 
are emitted back-to-back along a line oriented randomly in the kaoll rest frame. Even 
for two KQ s at exactly zero relative momentum the decay pions are well separated in 
(configuration and momentum) space and can be measured with the same efficiency as 
if the relative rXlomentum of the kaons was large. 

19 S. S. Padula and M. Gyulassy, Phys. Lett. B217, 181 (1989). 
20 M. Gyulassy and S. S. Padula, Phys. Rev. C 41, R21 (1989). 
21 S. S. Padula and M. Gyulassyv Phys. Lett. B217, 181 (1989). 
22 M. Gyulassy and S. S. Padula, Phys. Rev. C 41" R21 (1989). 
23 S. S. Padula, M. Gyulassy, and S. Gavin, Nud. Phys. B329, 357 (1990); Nud. Phys. B339, 378 (1990). 
24 C. Greiner, P. Koch and H. Stoc'kerr Phys. Rev. Lett. 58, 1825(1987). 
2..') C. Greiner, 'D.-H. Rischke, H. Stocker, and P. Koch, Phys. Rev. D 38, 2797 (1988). 
26 C. Greiner and B. Muller, Phys. Lett. B219, 199 (1989). 
27 S. Pratt, P.]. Siemens, and A. P. Vischer, Phys. Rev. Lett. 68, 1109 (1992). 
28 M. Gyulassy, preprint I..BL-32.oS1 (1992). 
29 S. S. Padula and M. Gyulassy, Phys. Lett. B217, 181 (1989). 
30 M. Gyulassy, preprint LBL .. 32051 (992), 
31 M. Gyulassy, prepl'illt LBL-32051 (1992). 
32 M. Gyulassy, preprint LBL-320S1 (1992). 
33 C. Greiner, P. Koch and H. Stocker, Phys. Rev. Lett. 58, 1825('1987). 
34 C. Greiner, D.-H. Rischke, J-I. Stocker, and P. Koch, Phys. Rev. 0 38, 2797 (1988). 
35 M. Gyulassy, preprint L.BL-3Z0S1 (1992). 
36 U. Heinz, K. 5. Lee, and M. J. Rhoades-Brown, Phys. Rev. Lett. 58, 2292 (1987); Mod. Phys. Lett. Al, 153 
(1987). 
37 'l.A r .. _.' ___ .. ____ -!_ .. Y nT .... ,. ... "',... .. .I~n,.., __ ~ 
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4.H.l.3.2 Simulations of HBT Capabilities for r s 

The KOs HBT performance of STAR has been simulated using the neutral kaons 
from central (0 < b < 1 fm) Au + Au events generated by IiIJING38 with a Bose 
enhancement imposed as per an incoherent spherical source of radius 10 fm. 
Considering thatkaons can be expected to freeze .. out earlier than pions, this radius is 
plausible. These events have not yet been processed through the full STAR simulation 
chain which includes TPC track finding and reconstruction, but have been analyzed 
using a simpler and much faster simulation. The latter incorporates parameterizations 
of the KO s finding and reconstruction efficiencies and resolutions of the SVT /TPC, 
obtained from relatively small samples subjected to the full simulation. Further details 
can be found in STAR note #47. Fig. 4H ... l shows the correlation functions C(Q out) and 
C(Q side)39,40 with the condition that the KOs rapidity lies in the range -0.5 < Y < 0.5 after 
application of the experimental filter. Q out refers to the relative transverse momentum 
along the direction of the average pair momentum. This is the direction predicted. to 
offer the best discrimination between plasma and hadron gas scenarios41,42,43 • The 
intercept at Q = 0 is mostly determined by the binning and the condition imposed .on 
the other two dimen.sions of Q. The solid line show'S the symrrtetrized HIJING without 
any detector distortions but with the same binning. The dashed line in Fig. 4H-l was 
calculated by assigning a charge to the kaons represented by the solid line, and 
applying the standard Gamow factor.44 The width of this "Coulomb holeti underlines 
the benefit of neutral particle HBT when the particle is relatively heavy and the source 
radius is large. 

This first simulation suggests that KO s interferometry offers substantive 
advantages over charged .. particle HBT .. and the KOs enhancement is a robust signal. The 
SVT is crucial for KOs HBT, because of its tracking capability for secondary vertices. 

38 X. N. Wang and M. Gyulassy, LBL-29390. 
39 S. Pratt, Phys. Rev. Lett. 53, 1219 (1984). 
40 G. Bertsch, M. Gong, and M. Tohyama, Phys. Rev. C 37, 1896 (1988). 
41 G.Bertsch, M. Gong. and M. Tohyama, Phys. Rev. C 37" 1896(1988). 
42 S.S.Paduia and M. Gyulassy, Phys. Lett. B217,181(1989). 
43 M. Gyulassy, preprint LBL-320S1 (1992). 
44 c n ..... ~ .. Plo. ..... D"" •• T ... ~ 1:") 1 .... 11\ l'tOO'" 

..... .\ 1""'1'\ IHJC1. A'~". &.A;U •• """'" ""-17 ,A7C71/. 
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10· central HIJING Au + Au events. R J. = 10 tm 
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Figure 4H-l Simulated STAR perfonllance. 

4.H.2r Description of Subsystem 

4.H.2.1. Silicon Drift Detector {SODl 
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The choice of the SDD, a relatively new but well tested semiconductor detector 
45,46,47, as the basic conlponent of the SVT systern is motivated by its excellent spatial 
resolution which leads to a space point precision of better than 25 Jllll and, based on our 
electronics choice, to a two-track resolution of 500 J,.lm. The two track resolution can be 
irnproved to 150 JlIIl by performing a waveform analysis which allows one to separate 
peaks in adjacent time buckets by knowing their widths.48 This peak width depends on 
the incident angle which can be determined via track reconstruction in the SVT. Further 
advantages of this detector are that it has no dead time, a low number of electronic 
channels (as cornpared to pixel detectors) and the capability to measure the energy loss 
of the traversing particle. A perspective view of the drift detector is shown in Fig. 4H-2. 

The volume of the detector is fully depleted of mobile electrons. The field created 
by the remaining fixed charges confines electrons generated by an ionizing particle in a 
buried potential channel. An electrostatic field parallel to the surfacf~ i.s superimposed. 
This field forces electrons liberated by particle passage to drift t(lfi\l\{ard E.l collecting 
electrode. The transit tinle inside the detector measures the distance of an incident 
particle from the anode. 

45 E. Gatti, P. Rehak, M. Sempietl'o, NHvl A274(l989)469. 
46 P. Rehak and E. Gatti, NIM A289(1990)410. 
47 P.Rehak et al.,NIM A248(1986)367 
48 T. Humanic et al.,'Double Particle Resolution Measured in a Silicon Drift Chamber'p Preprint Univ. of 
n:u .... 1.. ........... ~T ....... _._L. __ .. no', 
" MU<7VIlA1511, ~"'V1i'~lIl~1 1.:;7:;71. 
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p+ p+ p+ P+/ p+ y 

I 

Figure 4H-2 Perspective view (not to scale) of a semiconductor drift detector. Electrons created 
by ionizing particles are transported long distances parallel to the detector surface. The anode is 
divided into short segrllents to rneasure the coordinate perpendicular to the drift direction 

An important difference with respect to standard (wire) drift chanlbers is the 
absence of gas amplification and of the corresponding dead time. All electrons are 
continuously drained at the anode so that the maximum drift time is not the dead time 
of the detector. Electl'ons drifting toward the anode have their charges screened by the 
electrode structure of the silicon drift detector and do not interfere with other signals or 
with the signal processing at the anode. The signals are stored. within the detector for 
the dura Hon of their drift. As a direct consequence of this electron transport ntethod the 
anode capacitance is much lower than the anode capacitance of classical semiconductor 
detectors of the same dimensions. The amplifier noise can be rnade much smaller which 
is the main reason for the excellent position resolution of silicol\ drift detectors. A 
detailed description of the exact shape of the electric potential in silicon drift detectors 
can be found in [49]. Simulations to study the anode respon...:;e of Si drift detectors are in 
progress (see Appendix 3: Transport code in Sj!icon). These simulations include 
diffusion, the applied drift field, and the self field of the electron cloud created by the 
passage of a charged particle through the detectol'. The effecl'i of the magnetic field on 
the transport of the cloud of electrons to the anode plane are also being addressed. 

iJ-I.2.2. Silicon Vertex Track~r (Sm 

Figure 4H-3 shows the SVT layout presently envisioned for the final design. 
Individual detectors are grouped into ladders. Each ladder holds a row of 6 silicon 
detectors. The ladders are arranged in three concentric barrels around the interaction 
point at radii of about 5, 8 and 11 em., At an inter barrel distance of 3 em the multiple 
Coulomb scattering compares to the intrinsic resolution of the detector. This was chosen 
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Figure 4H-3 SV'f layout used in simulations. 

Chapter 4H - Conceptual Design - SVT 

to be close enough for efficient spacepoint matching behveen neighboring layers and at 
the same time to be far enough to construct a vector from the three resulting 
spa.cepoints. The goal of the SVT design was to accomplish the physics goals (see 
chapter 4.H.l.) with the simplest possible detector layout. Three layers in addition to the 
vertex point, are the mi.nimuIll to perforrn a helix fit. In addition, secondary vertex 
reconstruction requires a complete phase space coverage close to the vertex. The 
addition of a fourth layer wou Id improve the standalone tracking capabilities of the 
SVT, but it will not affect significantly the dEl dx (particle identification) or vertex 
finding capabilities. All three barrels together contain 162 detectors (4 inch diameter 
wafers) with around 72,000 readout channels, each having 256 tiIne buckets in the drift 
direction, which accounts for 18 million pixels. 111e 4 inch wafer technique is pursued 
instead of the more common 3 inch technique to reduce the number of electronics 
channels. The anode pitch of 250 micron and the channel count were optimized for a 
good balance between resolution and perforrnance/cost issues. Some design choices are 
still under consideration (see chapter 4.H.4.1.). Each barrel is about 42 em in length to 
cover ± 2 uni.ts of" (the same coverage as the TPC). The design of barrels of equal 
length has been chosen to a) enhance the capabilities for vertex finding and track 
reconstruction for events with a non-zero vertex and b) to ease the construction a.nd cost 
of a barrel support structure. The thickness of a wafer is 300 microns which appears to 
be a good compromise betw2en signal strength (24K electrons are created by each 
minimun1 ionizing particle) and acceptable values of multiple scattering and secondary 
particle production for particles traversing the detector. The optimization of the drift 
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40 MHz is due to the attempted two-track resolution. Matching front-end electronics 
with a short rise time were chosen (see chapter 4.H.4.2.). A more detailed description of 
the support structure, cooling and cabling can be found in chapter 4.H.S. of this report. 

4.H.2.2.1 Tiling the STAR SVT for Complete Geometric Coverage 

The detection elements of the SVT are assumed to be silicon drift detectors (SDD) 
of the "STAR-2" design (see 4.H.4.1). At each end of the active region is a non-detecting 
(dead) row of pads for charge collection. The active area of tlu. detector is also pil ed 
in along its mid line by a triangular dead region bounding each side and cont' .ling 
"guard electrodes" that reduce the local potential to zero near the cut edges of the 
device. The resulting active region of the detector has an "hour~glass" shape bounded by 
dead regions on all four edges. 

The geometry of the SDD creates a problem of efficiency, in that, if the devices 
are simply mounted end-to ... end on adjacent parallel "ladders" there will be significant 
dead regions at the ends and edges of each SDD, leading to a reduced coverage of about 
89%. This problem can be solved by "tiling" the SOD units along the long axis of the 
ladder. Such longitudinal tiling is accomplished by mounting alternate SDDs on the top 
and bottom ladder surfaces and adjusting their positions so that the boundary of the 
active area of an upper detector is immediately above the equivalent boundary of the 
lower detector. 

Similarly the problem of the triangular dead areas at the sides of the SOD is 
solved by using an offset lateral tiling geometry. Figure 4H-4 illustrates both the 
longitudinal and lateral tiling strategies. The two SDO elements on the left of the 
drawing are longitudinally overlapped with their active regions butted together so that 
the dead pad region of each detector is covered by the active region of the other. 

If the laterally adjacent SOD element is offset along the longitudinal axis by half 
the length of an SOD (35.25 mm) then the "bulge~' of one detector can be made to line up 
with the "waist" of a neighboring detector, as illustrated in Fig. 4Ii-4. However, this 
strategy is not sufficient in itself, because the SVT ladders are not coplanar, and the 
overlapping edges must not interfere. This problelll can be dealt with by arranging the 
ladders so that each has an "overhang" on one side, as illustrated for a 6-sided SVT layer 
in Fig. 4H-S. Then, a particle traveling through the dead waist area of one SDD will also 
pass through the active bulge region of its neighbor, resulting in full azimuthal coverage 
by the SVT. 

This tiling strategy will provide essentially 100% efficiency for the STAR SVT in 
its region of coverage. However it will require an even number of ladders in each SVT 
layer. Simulations to optimize this geometry are in progress. The etprice" of full coverage 
is that about 11 % of the particles will have to pass through twice as much silicon (600 
Jlm instead of 300 Jlm) in a given SVT layer. This n1ay result in an overall 'Y conversion 
on the order of 40 electrons per event. This yield seems acceptable for full SVT coverage. 
Beyond that, the necessity for an addition of small overlapping active detector areas for 
alignment purposes will be investigated. 
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Figure 4H-4 Tiling of SDD units. 

4.H.3. Capabilities of Subsystem 

4.H.3.1. Detection of Primary and Secondan:.. Vertices 

4.11.3.1.1. Strangeness in STAR 

The high multiplicity RHIC environment will be a challenge for every current 

• 

• 

• 

• 

• 

• 

• 

detection technique. About half of the 8000 produced particles in a central Au+Au • 
event are seen by the central tracking detectors at STAR which are located around mid-
rapidity. Therefore, for the strange particles which are less numerous, the combinatorial 
background is expected to be high. Table 4H-l shows the FRITIOF data rates for the 
relevant particles, and their decay characteristics. 

The mean momentum of most of these particles is well below 1 GeV and • 
therefore nlultiple Coulomb scattering plays an important role. At the same time, there 
is :no significant Lorentz boost around mid-rapidity. Therefore most of the strange 
particles decay very close to the interaction point. This, combined with the very high 
track density around the rnain vertex results in stringent requirements on track impact 
parameter resolution (extrapolation accuracy). A very good vertex detector with • 
vectoring/tracking capabilities seems to be the only possible solution to the problem. 

4H-l0 • 
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SDDLadder 
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• Figure 4H-5 End vieW {iI SVT layer 1 with lateral tiling. 

• 
Table 4H-l FRITIOF (4n) predictions for the average central Au+Au event. 

• Particle No. per event Mass (GeV) [)ecay mode (%) Ct (cm) 
1t+ 2200 0.1396 Jl+vJJ. (100.) 780.4 
KOs 230 0.4977 1t+x- (68.6) 2.7 

A 60 1.1156 P x- (64.1) 7.9 

• 1\ 35 1.1156 px+ (64.1) 7.9 
':'- 3-4 1.3213 Ax- (100.) 4.9 ..... 
'i:'- 3 1.3213 1\x+ (100.) 4.9 -
4- 30 1.0200 K+K- (50.) 0.0 

• 
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The detailed simulations of such a detector, with the detection of specific physics 
observables in mind for a high Inultiplicity environrnent, were carried out in order to 
specify the parameters of the initial design of the SVT. 

4.H.3.1.2. Silnulation Procedure 

The SVTwas represented in simulations by the layout shown in Fig. 4H-6. 

Individual detectors are grouped into ladders made of 500 J.lm beryllium. Each 
ladder holds a row of 6 silicon drift detectors (SOD, STAR2). The ladders are arranged 
in three concentric barrels around the interaction at radii of 5, 8, and 11 em. Each barrel 
is about 42 em in length. Each SDO is 7 em in length and is rhade from a 4-inch diameter 
wafer. The thickness of a wafer is 300 JlDl. The beam pipe thickness was assumed to be 1 
mm beryllium. Inactive area of the wafers (high voltage guard) is about 11 % of the total 
surface of STAR2. 

The FRITIOF event generator was used to create Au+Au central events at VSnn == 
200 GeV. The events were then passed through the STAR detector systems using 
GEANT. The spatial resolution used in simulations was 0' = 25Jlm for the SVT and G = 
500 JllTl for the TPC in the transverse directions and 700 J..1 m in the drift direction. 
Interactions with all materials in the present STAR design were taken into account. 
Multiple scattering, energy loss, secondary interactions, and all other physics processes 
in GEANT were included. 

A typical central Au+Au FRITIOF event at RHIC energies gives rise to about 
2900 charged particles that leave at least 20 hits in the TPC. There are about 3000 hits in 
SVT layer 1 (at 5 em), 2400 hits in layer 2 (at 8 cm) and 2000 hits in layer 3 (at 11 em). 
The average hit densities are 2.3 hits/cm2, 1.2 hits/cm2 and 0.71 hits/cm2 in layers 1,2 
and 3, respectively. 

4.H.3.1.3. Main Vertex 

Figure 4H-7 shows the precision of finding the primary vertex along the beam 
axis (z axis) with and without the SVT. A substantially improved resolution is obtained 
lvith the SVT. The solid line represents tracks originating from the interaction vertex, 
whereas the dotted one, tracks from decays of short lived particles. The' precision of 
finding the main vertex position in the perpendicular directions (Fig. 4H .. 8) is 
significantly better than along the beam axis. 
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Silicon Vertex Tracker (SVT) 

Figure 4H-6 SVT layout used i1l the present simulations. 
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Figure 4H-7 Primary vertex resolution (along the beam direction) using: (a) TPC tracking 
only and (b) TPC + SVT tracking. 
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Figure 41-:-8 The same as Fig. 4H-7 but in transverse direction. 

4J-I.3.1.4 Secondary Vertices 

4R.3.1.4.1 Singly Strange Particles: KOs A, .it 

The KOSI A and 7\ produced in FRITIOF Au+Au even~s were used to evaluate the 
efficienc..), of detection of neutral stTange particle decays. About 25% of K

O 

sand 20% of A 
and 1\ are within the detector acceptance. The majority of losses are due to non-charge 
decays. To reduce the combinatorial background due to high track density I the 
following cuts were applied: 

• minimum track length cut rd (= cut on distance from main vertex to the 
secondary one). 

• impact parameter cut for parent particle r min-
• for any pair of decay candidates cut on the closest approach to two trajectories 

(crossing between two tracks) in 3 dimensions r c. 

The following table contains cut values 

cut KO A 1\. 

rc (ern) 0.15 0.20 0.20 

rd (em) 1.00 1.50 2.50 

rmin.(cm) 0.15 0.20 0.15 

Combining the TPC and SVT information, track parameters were refitted and an 
invariant mass analysiS wasperforlned. Figures 4H~9, 4H-l0, and 4H-l1 show the 
effective mass distributions :or reconstructed KOs (0'=4.0 MeV), A (0=2.5 MeV) and it 
(0"=2.5 'MeV) in three Au+Au events. Sharp peaks at the correct masses are obtained 
above a flat background. 
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Figure 4,]1 ... 9 Invariant mass distribution for KOs reCO'fstructed in STAR SVT/TPC systetn: 
a) full range of spectrum b) enlarged area in KOs rnass 1Jicinity. 
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Figure 4H-10 Invariant mass distribution for A reconstructed in STAR SVT/TPC systern. 
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Figure 4H-l1 .Invariant rnass distribution for if reconstructed in STAR SVT/TPC system. 

4.1i.3.1.4.~. Charged 1-Iypernns : S-, Q-

Among the multistrange particle decays only S- -+ 1t- + A. and '1-- -~ K- + A 
channels call be studied at STAR. The 15000 Els (13000 .s's) and 300 '1 's (300 a's) 
produced in 40(~O FRrnOF Au+Au event) were analyzed. They were passed through 
C;EANT with an assumed TPC space point resolution of 200 ~m. i'Jote that the a and n 
decays have the same topology. As a consequence of the very short lifetime (down to 
10-13 s), the track length of the decaying particle is snlall and its Inomentum cannot be 
determined.To optimize the signal to background ratio, a number of cutl) were impospd 
(analogous to those for K~ Sf A, and ]'i). Tracks which miss the main vertex by less than 2 
em for E IS and 1 em for n's were excluded, a reconstructed hyperon was required to 
point back to the Inain vertex within 1.5 mm, and the distance of closest approach of the 
decay produ.cts at the decay vertices should not exceed 5 rrlm. Overall ab<.1ut 15% of 
multistrange baryons which were witl,lin the ~T AR accept=lnce were reconstructed 
(which corresponds to -5 % of all SiS, S's, Ols, 11's produced in full phase space). The 
bulk of the losses ( .... 85%) are due to the limited acceptance of STAR and, to the 
branching ratios( 67% for Q- ~ K:'+A and 64% for A -+ P -+- n;- ). Figure 41-1 .. 12 shows the 
invariant n,ass of .E ( TI)C+ SVT) for a TPC n\omentum resolution of dp/p = 1 % taken 
into account. A sharp peak. at th~ correct Inas~ is obtained above a Hat background. 
Similar results were obtained for S's, n's and O's. A more d~~taned description of the 
perforrrled analysis can be found. in [SO). A space point resolution of the TPC of 500 J.lm 
(x;y) and 700 ~l1t (in z), which corresponds to the most recent simulations, \\rill slightly 
increase the combina.torial background. 

50 G. Odynk~ et at, LBL preplint - LBL .. 31713 
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Figure 4H-12 Invariant mass distribution of E' (TPC+SVT) with TPC n10mentum resolution 
taken into account. Shaded areas reprfStmt the contribution from random background. 

41--{.3.1.4.3. Matching SVT hits with TPC tracks 

The results of the previous sections were based on the assumption thac a perfect 
assignment of SVT hits with trac.ks identified in the 'fPC was possible. An algorithm to 
examine how well this assignment can be perfonned was developed and tested with 
,Au+Au events, generated by FRIl'IOF, and processed with (iE,ANT, assuming 200 J.l.nl 
TPC space point resoluth>ll. A track was required to have at least 20 hits in the TPC, to 
ensure good tracking information, and three SVT hits. A helix was fitted to the JfPC 
points and its parameters were used to calculate the expected hit position in SVT layer 
3. 1he expected olultiple scattering of the track was calculated and used to define a 3 a 
'search' area. The deviation between the expected position and the actual position is 
well described by a n\ultiph~ scattering calculation and the chosen 3 0" al·ea contains the 
correct hit over 98 % of the time. In 30% of the tra.cks there is only one hit in the search 
area. All candidates in layer 3 were tested by adding them (one at a time) to the 'fPC 
points and re-doing the h~;1ical fit. Using the improved heH~~ paran~eters, extrapolation 
to layer 2 was made, and subsequently to SVT layer 1. After this procedure, sets of three 
candida te point'; for ea.ch track were found. For cases with more than one helix the one 
with the lowest "1.,2 was chosen. TIle helix is defined as being 'corre'ct' when all three SVT 
points and the 'fPC points come from the same GEANT track. A measure of how well 
rnatching is done is expressed by the ratio of 'correct' helices to the numbt'r of track 
finding attempts. This efficiency as a function of PT is plotted in Fig, It:tI .. 13. The overall 
average efficiency, for a ptabove 100 MeV/c, is 91%. For a Pt abovf~ 200 MeV/c, the 
rnatchincY .... tficiency is over 97%. 

41-1 .. 17 
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F'igu1'e 4H-13 Matching efficiency as a function of PT. 

For tracks with lower pt there are serious problems with multiple scattering. 
There are two obvious software improvements to make. The first is the use of 
KALMAN filter techniques.51 The second is to assign the tracks to a vertex and use this 
as a constraint. Regardless of software optimizations FRITIOF predicts a significant 
number of tracks at low enough Pt such that, due to interactions or scattering in the TPC 
walls, their track paranteters are altered before they are measured in the TPC. For those 
tracks, the SVT acts as an independent tracket' (with efficiency close to 90%, see chapter 
4.H .. 3.2.) and consequent! y enlarges the ,jT AR acceptance significantly. 

i:.!:ill:li~construcpon of ~w Pt Trac~J'Yith!he SVT .• 

4.H:3.2.1,. Introduction 

A first round of detailed simulations has been performed with a standalone 
tracking program for the Silicon Vertex Tracker. The geometry of the STAR2 detector 
(see 4.H.4.1.) \vas implemenied in GEANT and used to simulate the response of the SVT 
for central Au+Au FRITL)P events. At this point· the algorithm assumes that the 
efficiency of ITlatching a TP;: track with a spacepoint on the outermost layer of the SVT 
is 100% down to a well defined mornentum (input pararneter). First estiInates of the 
efficiency of track reconslT1Jction above 200 MeV / c with SVT and TPC resulted in 97% 
tracking efficiency (see [52]). COl1s,equently SVT hits from higher momenh.lm tracks are 
removed, because they belong to tracks which were successfully reconstructed by the 

51 R. Frueh\-virth, I Application of filter methods to the reconstruction of tracks and vertices in ev+:!nts of 
e:cperimental high energy physics', HEPHY .. PVB 516/88, Vienna, Dt:.~.88. 
52 Updated Letter of Intent, STAR-collaboration 1991 
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SVT+TPC systent. By applying this Pt cu.toff, the fraction of non reconstructed hits ill the 
SVT decreases by a dramatic factor. For example removing tracks with momenta greater 
than 200 MeV / c reduces the n.u.mber of tracks by a factor 6. One is then left with a 
relatively small number of tracks in the SVT (around 7 hits per wafer on the outer 
barrel, 15 per wafer on the inner barrel, whereas one wafer consis is of around 100,000 
pixels). For the track reconstruction in t.he SVT layers a position resolution of 150 J..lm in 
x and z is assunled. This number is a conservative estimate of the SVT capabilities. A 
position resolution of better than 25 Jlm wa~ I'eported. To define a helix one needs at 
least three points. So every track would have no free parameter if one takes only the 
three SVT layers into account. But besides the high momentUlTl track reconstruction the 
TPC tracking also provides a rough vertex point with a 2mm position resolution. This 
vertex is incorporated into the SVT pattern recognition as a fourth point for each track. 
Based on this algorithm the present simulation can only reconstruct part~des originating 
from the main vertex. Particles from secondary vertices require a fourth layer In the 
svr. 

4H.3.2.2. Results 

l~re1imin.ary results show an 89 ~b tracking efficiency for particles between 40 -
200 MeV / c. An increase of the Pi cutoff for perfect track reconstruction by the TPC from 
200 Me V / c to 300 Me V / c decreases the efficiency in the SVT algori thnl only by 10 % 
although the occupancy doubles. Figure 41~-14 shows the reconstruction efficiency as a 
function of the pt cutoff. For a given TPC cutoff the SVT tracking efficiency is almost 
constan.t over the pt range covered by the SVT alone. The InOm,t~ntum resolution. for the 
reconstructed tracks is, in the low Pt part, dominated by multiple scattering. At higher 
Pt (Pt > 200 MeV / c) the resolution depends only on the position resolution in the silicon 
detector. Figure 4H-15 shows the momentum dependence of the transverse momenttllu 
resolution based on tracks only identified by the SVT. The results show that the SVT is 
capable of reconstructing low pt tracks with good nlomentun\ resolution in a 
'standalone' mode if the data salnple was successfully preprocessed by the TPC track 
algorithm. 
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Figu1re 4H-14 ,Reconsi'ruction efficiency in SVT as a /unction of the pt-cutoff for successful track 
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Figure 4H-15 Transverse mornentum resolution for 1r and K i.n SVT alone. 
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Another topic that was investigated with the track algorithm in the SVT is the 
reconstruction of 'straight' tracks only. In general this algorithm works on defining a. 
cone to match front one spacepoint in layer A to a spacepoint in layer B. The opening of 
the cone is prapo,rtional to the bending of the particle with the lowest possible 
momentum (PT:::: 40 MeV/c). For the case of straight tracks this parameter was 
decreased considerably to allow only for high momentum particle reconstruction. In a 
window between Pt = 400 .. 500 Me V / c the SVT alone reconstructs 98 % of the tracks, 
which should enable a software alignment of the SVT and TPC by vector to vector 
matching between the two detectors (see alignment requirements in chapter 4.H.'s.So) 

4H.3.2.3 Outlook and Improvements 

Certain improvements to this first approach to tracking in the SVT can be made: 

a) 4 spacepoints are required per track. Thus tracks which hit the dead area in one of 
the barrels are excluded although they have a non zero tracking efficiency. A 
switch to the tiled STAR2 des.ign, with no dead area will solve this problem. 

b) The fourth point is the vertex obtained from the TPe" which causes a position 
resolution of an estimated 2 mm in the fourth point. This is pessimistic, based on 
the fact that the vertex can also be defined by the tracks ill the SVT even before the 
start of the pattern recognition. An hnprovenlent to a vertex resolution of 150 ~m 
can be achieved. We are in the process of investigating this further. 

c) As mentioned above the measured spacepoint resolution in the SVT is actually 
known to be· better than ~).5 J..lm instead of the conservative assessment of 150 J.1m. 

d) The efficiency will be increased by enhancing the number of track finding loops in 
the original program with simultaneous application of mo.re realistic elimination 
processes for 'ghost' tracks. This process is relevant for tracks which 'share' a 
spacepoint in one of the layers because of nlerging. Right now each spacepoint only 
contributes to one track. 

The open question at present is how reliably the TPC can reconstruct tracks down to a 
certain pt in central Au+Au collisions. Assuming a high threshold of 400-500 MeV / c for 
the standalone SVT prograrn, Jnost of the improvement originates from the inclusion of 
tracks that do not have 4 points in the SVT. All the tracks above 100 MeV Ie will also 
have some tracklength in the inner layers of the TPC. The corresponding points can be 
used efficient! y even in the case of high occupancy in the l1'C layers. 

A Kalman filter rnethodS3 can only be applied for SVT tracks if at least 10 TI)C 
points are included in the tracking recognition with the 4 spacepoints froln the SVT + 
vertex. This emphasizes the concept of a combined tracking algorithm for at' least part of 
the Pt spectrum. vVork on a ~l1atching program between the SVT and the TPC is in 
progress . 

53 R.K. Bock et aI, 'Data analysis h .. 'Chniques for high energy physics eXJX~riments, Cambridge, University 
Press, 1990 
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4.H.3.3. Two-track Resolution 

In the high particle density environment of RtIIC, the ability of an SDD to • I 

resol ve close hits in space is crucial for good track reconstruction efficiency. This is 
particularly important for two particle interferonletry studies54 where interference 
effects are most sensitive to close hits. We performed a series of measurements to 
determine the two-hit resolution of SOD (we used ST ARO detector with a.n active area of 
1 x 1.8 cm2) and compared measurements with theoretical predictions.55 These are the • I 

first measurements on SDD two-track resolution (results are submitted for publication 
toNIM). 

The procedure we have adopted for two-hit measurements is the following: Two 
particle hits are simulated using a 8 ns pulse of 1064 nnt light from Nd:Yag laser split 
into two pulses using light fibers. These fibers illumi~ated a microscope objective which • 1 

was used to focus the light pulses to 20 Jlm spots on the SDD. The separation between 
the fibers at the microscope was adjustable using a precision set screw. The anode signal 
was aInplified, shaped (a=27ns) and fed into a 50Mhz digitizer. The digitized signal was 
then stored into a computer and analyzed offline. The off~line analysis consisted of 
fitting a two-gaussian function to the two ... hit anode signals and comparing the fitted • i 

positions of the peaks with the known pOSitions of the light fibers having been set with 
the precision set screw above. A typical two-hit spectra is shown in Figure 4H ... 16 for a 
hit spacing of 500 micron with the drift field of 284 volts/ em. 

A relatively low electric field has been chosen to have a drift time (and amount of 
diffusion) close to that expected for the ST ARl detector (see 4.H.4.1). Critical in this • I 

analysis is the assumption that the width of a single pulse is well understood. This is 
illustrated in Figure 4H-17 where the measured 0 2 distribution is plotted as a function 
of applied potential (E3). The solid line which represents a calculation of the expected 
dependence (using as inputs only the measured mobility and shaping time) describes 
the rneasurements very well. Comparable agreement is observed when studying the s • 
dependence with distance from the anode pad. 

54 T.J. Humanic et at "Pion Interferometry with Ultrarelativistic heavy-ion collisions from the NA35 
e~periment/" Z. Phys C38,79(1988). 
SS E. Gatti ct a1. "Double particle resolution in semiconductor drift detectors", NIM A274,469 (1989). 
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Figure 4H-16 Typical two-hit spectra. 
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Figure 4H-17 Measured (J2 distribution. 
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The variable of importance in two-hit measuremen ts is the hit spacing error 
relative to the hit width sigma.56 Shown in Figure 4H .. 18 is the relative two-track error, • I 

the hit spacing error divided by the hit width sigma, as a function of the two-hit 
spacing. Several measurements were made at both high and low drift fields and from 
one to four times the minimum ionizing intensity. The solid line is the predicted error.57 

At 500 Jlm separation the measured separation error is 25 Jlm, approxitnately the same 
as predicted. • I 

~H.3.4. EneriY Loss Measurements with the STAR SVT 

It has been investigated both by simulation and by experiment whether energy 
loss measurelnents with the SVT can provide particle identification in the STAR 
detector. The relativistic rise phenomenon is suppressed by coherence effects in 
crystalline solids like silicon, therefore only the 1/132 region is considered. 

Monte Carlo calculations were performed to prove that a dE/dx measurement 
with good resolution can be obtained with a few samplings only. A piece wise-· 
continuous analytic representation of the energy loss distribution function expected for 
300 MeV / c pions passing at normal incidence through a 300 J.Lm slab of silicon was 
used. The approximate function consists of two Gaussian and two exponential functions 
and agrees well with measuredS8,59 and calculated60,61 distributions. The piece wise 
function is sho'wn in F'ig. 4H-19, as plotted on logarithmic vertical scale with a 
horizontal scale chosen to give a most probable energy loss e 0=1.00. We have used this 
basic distribution function to provide randoln energy loss samples £i. 

These Monte Carlo tools were used to simulate the measurement and analysis of 
energy loss information from n layers of a silicon vertex detector, where n = 1 to 4. In 
combining the measured energy loss sanlples £i to extract the lnost probable energy loss 
£ 0 we have compared various analysis strategies: 

0) a straight arithmetic average of n samples 

(ii) the minimurn value of n samples 

(iii) a truncated mean in which only the lowest m of n samples are averaged 

• 

• 

• 

(iv) the most probable energy loss obtained from maximum likelihood analysis of n .• 
samples. 

56 M. Clemen et aJ. "Double particle resolution measured in a silicon drift chamber", to be published in 
NIM 1992. 

e. 

57 E. Gatti et al. "Double particle resolution in semiconductor drift detectors", NIM A274,469 (1989). 
58 ]. Schukraft,CERN, Geneva l Switzerland (1992), private communication. • 
S9 J.F. Bak et aI., Nuel. Phys. B288(1987)681 and CERN-EP/87-62. 
60 J.F. Bak et al, Nuel. Phys. B288(1987)681 and CERN-EP 187-62. 
61 Hans Bichsel, Reviews of Modern Physics 60,663 (1988), 
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Figure 4H-18. Relative two track error. 

Figure 4H-20a shows the distribution of 105 energy loss samples in a single layer of 
silicon, as shown on a logru."ithmic vertical scale and a horizontal scale chosen so that the 
most probable energy loss £ 0 = 200. In this histograln the Lanciau tail is quite appai"ent. 
Figs. 4H-20b-d show, for a three layer detector, the estimated most probable energy loss 
obtained from procedures (i), (Hi), a.nd (iv), where in (iii) the lowest two of three 
samples are averaged. In all figures the smooth curves through the histograms 

Figure 4H-19 A piece wise-continuous representation of the energy loss distribution function 
used in Monte Carlo calculations. 
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Figure 4H-20 Energy-loss distribution in single (a) and three layer (b-d) detector. 

represent 3-pa.ralneter Gaussian fits r the parameters of which are given in the lower 
boxes of the figures. As is apparent in Figs. 4H-20c, averaging the lowest two of n 
values provide narrow peaks corresponding to .good estimates < EO >, as do the 
maximUln likelihood analyses shown in Figs. 4H.3.S-2d. These simulations show that a 
dEl dx resolution of 15% seems to be possible for particles from the 1 I ~2-region. As a 
rule of thumb, each particle type (except nluons) can be distinguisned from all others 
provided its momenrunl p is such that pc < rno c2. 

The outcome of the above Monte Carlo simulation was verified by a 
measurement of the energy loss in a single SDD (ST ARO with thickness of 300 Jim) of 
300 MeV Ie pions at the 'fRIUMF accelerator in Vancouver, Canada. The detector had 15 
pads instrumented. Data were acquired with the detector operating at two different 
drift fields, 284 and 500 Volts/em .. This allows a study of dE/dx resolution at different 
drift velocities. The Ineasured signal to noise ratio was found to be 55 to 1. The signal 
to noise ratio is defined to be the maximal pulse arnplitude on one pad to the rms of 
the pedestal on this pad. The energy scale was calibrated using the 60 keY gamma 
rays froln an 241Am source. The energy calibration is accurate to approximately 10%. 
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Figure 41-1-21 dEldx distribution for various particle.~. 

Fig'Ure 4H-21 shows the measured dE/ dx distribution obtained with STARO. The solid 
line represents results from ea,rlier measurements at 2 GeV /e 61 wh;,ch have been 
properly scaled according to the Inodelin Ref. 62. Qualitative agreeIn~ent is seen. It is 
also essential to compare the nleasured dEl dx distribution of 3,00 MeV lie pions with the 
expected distributions for 300 MeV/c kaons and protons (also from Ref., 62). Figure 4H-
21 clearly illustrates that the dEl dx resolution achieved by the S'VT wUl be sufficient for 
particle identification in the 1/~2 range. 

4.H.4,. R&D Issues and Technology Choices 

4.H.4.1. STAlSJ~-A-B2. 

Parallel field silicon drift detectors with an active area of about 1 cm2 have 
already been successfully built and. tested.63,64 STARt is the first atl:errpt to build a 
detector with the largest active area compatible with a 3 .. inrh wafer Ir14 O'n2). Figure 
4H-22 ... 1 shows a s.chematic view of the ST ARl SDD with high V'oltagE!~ cathode OIl one 
side and colle'cting seglnentedanode on. the other. The drift distance is about 4 em. 

Immediately after completion of STARl production and th(! first order tests 
(June/July 1992), the design and fabrication of STAR2 detectors will be initiated. 'The 
solution chosen for STAR2 was to split the sensitive area of each detecltor into two drift 
regions so that ele'ctrons drift in opposite directions in the t'w'o halves (Fig. 4H-22-2), In 
this way the maxirnunl drift length and the re'quired drift field are reduced by a factor 

62 J.F. Bak et al., Nucl. Phys. B288(1987)681 and CERN·EP /87..fJ2. 
63 E. Gatti and P. Rehalc, NI~.f A225(1984}6Q8. 
6~l P. Rehak et at, NIM A24.s(l9:86)367. 
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Figure 4H ... 22-1 Schematic view of STAR1. Figure 4H .. 22 ... 2 Schematic view of ST AR2. 

of two. Fig 4H-22 ... 2. shows a schematic view of the ST AR2 SDD detector. A 4 .. inch 
version of STAR2 is used in the present version of the baseline. A similar detector was 
designed and successfully built to use in the experiment UA6 at the CERN p-p 
collider.65 

The advantages of each design are listed below: 

...--._------,------,-- _._-,-----,-------
STARl 

Less electronics needed to connect channels to 
. SCA's (-1/2), 

65 A. Vacchi et al., NIM A 3.06(199'1)187. 

S1"AR2 

Srnaller nlE~moJ"y time of the detector. 
Maximum dri·ft ti.me ... ·1/2 of STAR 1. 

Sn'laller dead areas - at 3 + 4" diam·eter STARl 
is 69% active, whereas ST AR2 is 88% active 
(31 % dead area vs. 12%). 

Shorter driH distance requires less voltage 

~~.£!.tage .. = 24~y =: 1/2 ofSTARl 
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Power dissipated at the wafer is about the same for both solutions. The decrease 
of the power disl;ipation in thf~ divider for the STAR2 is compensated for by an increase 
of the power in the front end electronics. 

The requirements on the SeA are also sinlilar. ST AR2 requires twice as many 
channels however, each channel has only 1/2 of the capacitors as a channel in STAR1. 

The decision on detector geometry for SVT at STAR will be made after 
completion of the final tests of the STAR2 detector (End of 1992). Assuming that there 
are no major drawbacks in the geometry of either of the designs, cost may be the 
deciding factor. For the costing in the CDR we have used the ST AR2 design. 

4.H.4.2. SOp Fn)nt End Electronics 

A decision. rnust be tr.ade as to the lo-:ation of the first amplification stage for the 
SDD electronics. From a standpoint of signal ... to-noise performance the optimum 
CirCu.ITlStance holds for a system whe:oe the preamplifier is brought as close as possible 
to the charge source (in this case an anode pad on the SDD).This reduces cha.nnel 
capacitance to a minimum and thereby maximizes the voltage signal compared to 
irred\1cible white noise sources. A proposal currently under consideration is to integrate 
Darlington transistor pairs (DP) into the lithography of the SDD in close proximity to 
the anode pads, thereby achieving an extremely small channel capacitance dominated 
by the anode pad size itself. The first stage of the SOD amplifier is part of the detector 
and is a two stage Darli:o:gton, the first gate of which is the anode. This leads to a 
predicted sigl1al to noise ratio of at least 500 and produces signals of a few millivolts 
amplitude that are about 30 ns \vide after differentiation. The transistors of the 
Darlington follower are p-channel junction field effect transistors (JPETs) with one gate 
only. The first y··channel FET operates with the gate forward biased relative to the 
source. The forward bias is exactly such that the average detector leakage current 
continu.es to flow from the anode and gate to the source. No high value resistor or 
switch to take away the leakage cu.rrent is needed. The size (width) of the first tran.sistor 
was determined to have the gate to source capacitance close to the anode capacitance. 
This matched condition gives the best possible noise performance for the given anode 
capacitance and the given transi.stor technology. The equivalent noise charge (ENe) of 
about 100 electrons is expected for the detector with a leakage current of several nA and 
for a shaping pulse which peaks at about 100 ns. 

vVhile successful inclusion of Darlington pairs would enhance the signal integrity 
it does so at some cost. First, the yield for SDD production might decrease by 
implanting the DP directly on the detector. An alternative would be to rnount the Dpts 
'off-board' an a separate silicon segment. Tests to determine the signal degradation due 
to the additional \Alire bonding are plan.ned. Secondly, the Darlington pairs, along the 
pad row edge of the SDD, becom.e the lar:best heat source on the SDD (2.90 nlW) on 
STAR1, exceeding that of the potential grading resistor strings on each side of the 
STAI~l Sf)D (4 x 50 mW). The flow of this heat to sinks esta.blishes a tenlperarure profile 
across the SDD which may vary in time. Stability of the temperature profile is of great 
importance for the deternlination of the drift speed in silicon, and hence to correct 
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inference of z position of a hit in the SDD. Ideally one would like not only to have a 
stable profile but to have i~ as uniform as possible to minimize the extent of systematic 
corrections to inferred hit positions. Overall the DP amplifier produces 1.3 mW of heat 
and with the other sources of !.. __ :, i.e. the IN divider and nearby shaper amplifier 
leads to ~ need for water cooling in order to keep the temperature rise to less than O.loC. 
The cooling system is discussed elsewhere (see chapter 4.1i.5.6.). The Darlington 
amplifier in high resistivity Si is rather poor having an output impedance of 2K. 
Therefore, either an additional transistor sta.ge to drive the signal cable or the 
preamplifier itself must be very ,dose so that the c.onnection can be made by wire bonds. 
However to minimize the mass on the detector, a design with a prearnp/shaper board 
mounted to the field cage is preferred.The shaper amplifier differentiates the r..harge and 
has four pole zero filters .. which leads to integration of the hig}' frequency components 
with a pseudo gaussian output peaking time of 40 nsf The amplifier has a voltage gain 
of 10 and i.s expected to dissipate less than 2 mW per channel. It is designed in bipolar 
and should be ready for first prototyping in July. After amplification the signal can be 
driven to the SCA board which will be located on the inner field cage (see 4.H.5.S.). This 
board connects to the readout board described in 4.F.S.2. which contains the T9000 
transputer as well as the ASIC chip. Six frontend boards are multiplexed at this point 
into one readout board. From there the z(~ro suppressed d(lta will be processed by fiber 
connections. 

The SOD prototype with DP incorporated into the wafer is presently undergoing 
fabrication at BNL by the SVT group. Completion is scheduled for mid-June. First order 
tests will be finished by mid .. July. Necessary measurements to finally decide on 
integrating DP's into the SDD waJer for further development are plann.ed for sunlmer 
92 by testing SDD channels with DP, with 01'" on separate pad and without OP. The 
decision on the optimum configuration will be made not later than September 92. 

4.H.5. Engineering 

4.H.S. Brief Tec~,!l.k:El De~cription and S.Recification~ 

The basic cylindrical configuration of the SVT is shown on Figure 4H··23. There 
are 6 detectors per face arranged in a tiled fashion in z. Coverage in the z direction is 

8 1 

• 

• 

• 

±211 mm ,tVith the assumed active length of 70.5 mm per detector. The detectors and • 
cables will be assembled into a lnodule which facilitates testing and replacement. Figure 
4H-24 shows a STAR2 module. The same configuration would be u.sed for the STARl 
detector modules except the cable will exit from only one end. For the baseline 
configuration, six of these modules will be placed on a carrier whic"\ is then mounted 
onto the main support framework of the SVT. Figure 4H .. 25 shoVv", the tiling of the •. 
detectors in z and the design of the carrier. Material is removed from the carrier where 
possible to reduce the average radiation length of the assembly. During each stage of 
assembly" testing of the completed components ,.vill occur prior to the next step. After 
all the detectors have been tested on the carrierI' it is placed on the end plates. The end 
plates are connected together by interface/support beams. This is shown by Figure 41-1- • 
26. These interface/support beams are connected to a support tube which is joined to 
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CIn 

(All Carriers) 

8 Detectors per Face 

Active Length in z = 42.3 em 

Figu1'e 4H-23 An end view of the SVT with radii indicated. 

Front-end Electronics 

Bonding 

:Module 
Cable 

Not to Scale 

Figure 41-1-24 View of typical module with STAR2 detector. 

4H-31 



.1 
STAR Conceptual Design Report Chapter 4H - Conceptual Design - SVT 

Detector 

• 
Not to Scale 

Figure 4H-25 Overview of modules mounted onto a carrier. • 
In terface/Support 

• 
Carrier 

• 

• 

End Plates Detector • No Scale 

Figure 4H-26 Partial view of assembled SVT. 
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support cones. These support cones have flanges tha't connect to the TPC. This basic 
configuration is shown on Figure 4H-27. 

4.H.S.1. Material Selection 

There have been several compa.risons of material to be used in silicon-based 
detectors. Table 4H-2 shows several candidate Inaterials with their applicable 
paralneters. 

It can be seen that beryllium is an excellent choice for the structural material for 
an SVT. It has high stiffness and. radiation length. It's disadvantages are high coefficient 
of thermal expansion and cost. The ~xpected operating temperature of the SVT is equal 
to or near the assembly temperature, therf fore, the CTE of support material compared 
to silicon is not critical. If it is necessary to match the CTE of silicon with the structural 
material, cornposite materials can be used. These type of materials have there own 
unique set of problems. Since there are only a few parts required, the cost of the initial 
tooling may make them more expensive than beryllium. These materials also absorb 
moisture and move slightly over time until they stabilize. Work is proceeding at LANL 
to develop and charactert~e aomposite materials for other programs. Their results may 
be applicable to the SVT. 

The end plates are the most expensive part of the assembly. If possible, these may 
be made of aluminum which could reduce the cost of the main frame. Since another 
different eTE will be introduced with this change, a detailed thermal analysis must be 
com pIe ted prior to nlaking this decision. 

2.33 
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Figure ·4H-27 Elevation view of the assembled SVT mounted in the tube/cone support. 
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Table 411-2 Selected material properties. 
- Thennal Specific Effective 

Elastic Density Specific CTE Conductivity Heat Rzdiation 
Modulus p Stiffness , k cp Length 

Material E-GPa (gm/cm3) E/p"1()8 ern ppm/K W/~1-K J/gm-K L~<:m 

Beryllium 290.0 1.84 16.08 11.60 146.0 1.88 35.43 

Carbon- 152.0 1.90 8.16 0.10 246.0 1.00 18.80 
Carbon --
P7S/1939-3 311.7 1.68 20.00 ·1.13 46.2 0.92 25.00 
G/E -
AI-MMC 190.3 2.03 9.56 "'().35 412.0 ? 16.80 
(AZ91) 

AI-M:tvIC 196.5 2.39 8.39 0 409.0 ? 13.22 
(6061-T6) 

Silicon 131.0 2.33 5.74 2.60 129.0 0.70 9.37 

AI (6061-T6) 68.9 2.70 2.59 23.58 168.0 0.90 8.89 - -
Copper 117.2 8.91 1.34 16.90 400.0 0.39 1.43 

SiC 325.0 3.00 11.05 2.30 200.0 0.89 8.52 

Kapton 2.5 1.42 20 0.12 1.09 28.3 

~.H.5.2. Description of Major Components, 

Carrier 

The baseline carrier, shown on Figure 4H .. 23, is fabricated from beryllium. It is 
D.S-mm (20 mil) thick. This thickness is chosen since it is a standard size available from a 
local vendor. An optimization study contJidering the stiffness required and the effect on 
average radiation length has not yet been completed. The length of the bent tab was 
calculated to provide sufficient stiffness to limit the sag to 50 ~m. Since the stiffness is 
provided primarily by the bent tab, some material in the detector support section is 
removed to reduce the overall radiation thickness of the part. Extra length is added t.o 
each end to include an area for cable attachment. This should provide some strain 
isolation between the long trans.mission and the module cables. 

If water cooling is Tl:?quired, the carrier may be made as a laminate with flow 
channels between the two layers. Although this requirement has not been finalized, the 
cost estimate includes carrier with flow channels. Discussions with a local vendor 
indicate that fl multilayered berylliunl carrier is feasible. 

End Plates 

The carriers are attached to the end plates which are also constructed of 
beryllium. It may be possible to fabricate them out of aluminum, but the baseline 
material is berylliunl. The end plates are joined together by interface links that also 
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support the SVT. These end pla.tes are the most complex part of the mechanical 
assembly. The method of attaching the carriers to the end plates has not been selected, 
although other silicon-based trackers have used the same basic configuration. 

The end plates shown in Figure 4H-26 have many hoies in them to allow gas to 
flow into the assembly. If a water-cooled SVT is required, these holes will not be 
necessary. 

It was recently decided to utilize a clanlshell design for the end plates. This 
allows removal of the SVT without removing the accelerator beam tube. The SVT can 
also be installed over the beam tube after beam operation has stabilized. Although the 
clamshell design is not sho'wn on Figure 4H-26, funds have been allocated, in the cost 
estimate for this feature. It is assumed that the ALEPH clamshell design will be usable 
for STAR as is or with minor modifications. 

Tube/Cone 

The SVT will be attached to a support tube as shown on Figure 4H-27. This tube 
is constructed from graphite-epoxy and has a radiation length of about 0.5%. 
Development of this configuration is being conducted at LANL. The tube is attached to 
support cones that are then connected to a flange on the TPC inner field cage. It may be 
necessary to transfer fiducials from the SVT to thp- end of the support cone. Some 
adjustment at the cone/IFC flange attachment point will be provided. 

4.H.S.3. Cabling Reg!lirements 

The cables attached to the detector will be fabricated using aluminum data and 
power strips. These metal layers will be laminated with kapton. The technology 
development of aluminum cables is being carried out by another program at LBL. Some 
develop1l1ent will be required for the specific SVT module ":able due to its configuration. 
Also under development at LBL is a minimum mass deln l >untable connector. This may 
have application at the end of the module cable. 

The baseline configuration has the first amplifier on the detector. This amplifier 
may not be capable of driving the signal down a long cable, therefore, an intermediate 
amplifier may be needed. A flat ribbon cable will connect the electronics in the assenlbly 
to the main electronic boards mounted at the ends of the TPC. The ribbon cable attaches 
to the alulninum/kapton module cable at the end of the carrier. Area is available at the 
end of the carrier to attach the cables to the carrier relieving the strai.n from the 
modules. The number of signal lines going into each module is 224. TIlese can be 
accommodated with a Uleta] signal line pitch of 250 Jlm. If a two-metalla.yer cable is 
used, the 1l1odule cable will be about 30 mm wide as it leaves the module. Past the end 
of the carrier, a single layer cable can be used .. Aluminum cables are being developed at 
LBL and beryllium cables are being developed by LANL. A low nlass connector is being 
developed at LBL. 

Power must also be brought into the SVT. The total power input to the DP 
amplifiers is 0.34 Wand into the high voltage divider is 0.2 W. If a S% loss is allowed in 
the 2-n\ distribution cables, an alurninum DP power trace could be l-mnl wide by 0.013-
mm thick. The high voltage distribution cable requires a smaller area due to the low 
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current in this circuit. The exact configuration of these signal and power cables will be 
detennined after the basic DP amplifier location has been fixed. 

4.l-I.S.4. Initial Assembly 

Detectors on to Carriers 

The detectors will have fiducials located at each comer. These can be used to 
define an axis for each detector. The carriers will also have fiducials at each end which 
define a local axis. These will be used to align the carrier along the workstation axis. 
After the first detector is attached to the carrier, it's axis then determines the reference 
axes. All other detectors are placed relative to this axis instead of the carrier axis. This is 
because one of the most important tolerances is the parallelism of each detector axis 
relative to each other. Present equipment can locate fidudals over the area of a detector 
to better than 2 J,Lm and determine their absolute location to better than 5 Jlm. After all 
the detectors have been place onto a carrier, a measurelnent will be made of the location 
of all fiducials. This will then allow the fiducials on the carrier to be used for the next 
assembVly step. Initial work on the workstation arrangement is being conducted at LBL. 

Carriers onto End Plates 

The method of attachment of the carriers to the end plates has not been finalized. 

·1 

.1 

• 
The two halves of the end plates will be joined while the carriers are being placed. In 
order to accurately place the carriers onto the end plate, it is necessary to first define a 
workstation z axis. Using this axis, microscopes can be located at two perpendicular • 
axes. These microscopes can then look at the carrier fiducials and guide the carrier 
placement onto the end plates. The location in phi can be accurately determined by 
either using a rotary table or nlachining an index plate. The location in radius can be 
determined by use of a focusing scale. After all the carriers are mounted on end plates, 
the X, y and z location of each outboard detector can be measured. From these • 
measurements, fiducials on the end plates can be calibrated and used for the final 
assembly and alignment steps. Each end plate can then be separated and reassembled to 
determine the adequacy of the clamshell design. Off-the-shelf equipment exists that can 
deteroline axes and locate fiducials to the required accuracy. Development of a 
complete workstation is proceeding at LANL. This work is directed toward assembly of • 
the SDC silicon tracker. 

Assernbly to TPC 

The SVT assembly shall be preassembled into the support tube/ cone and aligned 
relative to fiducials located at the cone flanges. Access ports are provided in the two • _ 
cones to allow adjustments to be made on the SVT Itube supports. The SVT I tube 
supports will have to provide x .. y and z adjuSbTlent for this alignment task. A special 
fixture can be used to lift and translate the SVT slightly to dear its supports. The SVT 
can then be translated on temporary tracks to the end of the cone supports. There, it can 
be broken in to two hal yes and removed from the beam tube. These steps will be • 
performed several times during the initial assembly to determine how accurately the 
assembly can be repositioned. When the SVT is rea.dy to be installed at BNL, the 
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tube/cone will be installed and fac;tened to the TPC without the SVT. The two halves of 
the SVT will be placed around the beam pipe, joined together and ph,ced on the 
temporary tracks. After positioning in the tube, a fixture will lift the SVT off the tracks 
and translate it over the SVT/tube supports. After lowering the SVT onto the supports, 
the fixture and the tracks will be removed. It is expected that it will be difficult to see 
the SVT end plate fiducials, so the fiducials on the two support cones will be used to 
guide the final alignment of the SVT relative to fidudals on the TPC. 

4.H.S.S. Alignment 

4.H.S.S.1. Specifications for Alignment 

The following are the specifications for the allowed error (S%) of the detector 
from the known position: 

Phi ± 7 J.UTl 
Radial ± 15 J.1ln 
Z±71lm 

This set of specifications limits the relative structural movemeut after placement 
and turnon. Analyses and prototype testing are required to verify meeting these values. 
The SVT will be assembled using precision equipment, such as coordinate measuring 
machines (CMM), that can locate fiducials over the required volume to less than 25 )J.m. 
These machines now have optical heads with corresponding smart 130ftware that can 
find centroids of fiducials to about ±5 ~m. Work is presently proceeding at LANL and 
LBL to develop techniques and equipment that will allow attainment of these goals. 

The sag (due to gravity) in the module carrier is estimated to be SO Jllll for the 
worst case. It was assumed that all the bending stress is taken by the bent tab and any 
contribution due to the silicon was neglected. 

The location of the SVT with respect to the TPC and the remaining detector is: 

SVT axis parallel to magnetic field ± 5 mrad 
SVT x-y location ± 250 f,!m to TPC center 
SVT z location ± 250 J.1m to defined interaction point 

These goals must be met after the SVT is put into place at RHIC. The support 
points at the SVT/tube interface is about 2 m from the edge of the 'fPC. This makes it 
difficult to see fiducials and adjust the SVT assembly. For thif) reason, it is proposed to 
align the SVT with the tube/ cone support and transfer fiducia.ls out to the tube/ cone 
flanges. 

4.H.S.S.2. Alignment Constraints Based on Physics Goals 

The preCision requirements of barrel detectors are discussed in ref. [66], They are 
specifically determined by the physics requirements [momentunl and vertex resolution 
(primary and secondaries) needed], and the intrinsic limitation of the device. Most of 
the SVT physics involves precise determination of the impact parameter (extrapolation 

------_. 
66 A. Seiden, Note on "Systematic errors and Alignment in Barrel Detectors'. 
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accuracy to a vertex), which is significantly more affected by any misalignrnent than 
momentum. By assuming the maximum acceptable degradation on inlpact parameter 
and the intrinsic point resolution of the SVT (25 J..lm for STARl) one can determine 
alignment precision requirements. To propagate the requirenlents on impact parameter 
resolution into requirements for SVT position precision, one must understand how an 
SVT misalignment affects the impact parameter. To understand this connection, we 
consider a simple model of STAR tTacking including the SVT which assumes that the 
high space point precision of the SVT would force the tracks through the SVT points. 
Taking th~ SDD wafer as a rigid object, the misalignments break down into 4 categories 
(6 parameters): 

• planar translation (2 parameters) 
• planar rotation (1 paranleter) 
• radia.l translation (1 parameter) 
• out--of-plane rotation (2 parameters) 

The four categories, in order, have a decreasing effect on the impact parameter 
precision, but show a basic linear relation between misalignment and impact parameter 
(Fig.4H-28). 

To estimate tolerances, we will adopt the results obtained for the ALEPH vertex 
detector using Monte Carlo with smeared positions of the vertex detector hits to account 
for alignment effects before refitting the track. The results, expressed in the wafer local 
coordinate system (Fig. 4H-29) are shown in Fig. 4H-.30. 

As an example for the derivation of 'the points in these plots (Fig. 4H-30) we 
assume a V displaced by 20 flnl. For each event, the position of (~ach wafer is smeared .in 
V by a Gaussian of width 20 J,lm, in addition to the intrinsic vertex detector point 
resolution. The track is then refit with the vertex detector hits. Next, the impact 
parameter resolution is calculated as the width of the distribution comparing the 
reconstructed impact parameter with the Monte Carlo "true" value. This impact 
parameter resolution is then divided by the resolution with no smearing for alignment 
affects. The plots in Fig. 4H-30. show that the im.pact parameter resolution in z is more 
sensitive than that in R-t/> for 4 of the 6 alignment parameters: V, W, (Xu, (Xw. This is 
because the tracks cross the wafers clos~r to normal incidence in the R- tP plane than in 
the R-z plane. The effect of the planar rotation, nv, is almost the same in both 
dimensions. 

Taking the limit of 5% (10%) degradation of the impact parameter resolution one 
can set requirernents for aligrnnent of the vertex detector: 

• V::: 15 (20) J,un 
• U = 7 (12) ~m 
• W=7(10)~m 
• av = 0.5 (0.7) mrad 
• au = Ow = 0.8 (1.3) nlrad. 
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Figure 4H-28 Impact parameter dependence on misaligtzment. 

One should remember that the above numbers represent final precision needs, 
not mechanical alignment tolerances. 

Table 4H-3 shows (in general) how misalignment influences the space point 
resol u tion of the detector67• 

Since the STAR SVT consist of 162 silicon tiles positioned around the interaction 
point, proper alignment of these elements becomes crucial. It can be factored into 2 
problems, namely the alignment of the wafers relative to each other (Local alignnlent), 
and the alignment of the SVT as a single rigid body with respect to th~ rest of STAR 
(Global alignment) . 

67 Note that Fig. 3 demonstrates that 10 Jlm final precision is satisfactory to preserve the goodness of the 
impact parameter. 
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z 

Figure 4H-29 V points perpendicular to the wafer surface outwards from the interaction point, 
U lies in the wafer plane, while W points along the z axis (beam) VUW is a right-handed system. 
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Figure 4H-30 Impact parameter dependence on alignment error. 
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Ttlble4H-3 - I 
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4.H.S.S.3. Global Alignment 

The global alignment in fact is hardly more than a convention, as the position 
resolution of the svr is much better than the other ST AR detectors. 'lrhe requirement on 
global alignmel't i.s therefore very relaxed, namely that the SVT global position lie 
v/ithin the (relatively large) TPC errors of the origin defined 'by the 'fPC. In the 
reconstruction, the errors on the global alignn\ent are not used, as Ithey ar4e redundant 
with the local alignment errors. Thus the de'grees of freedom repres:ented by the global 
alignnl.ent are completely redundant with the local alignment. The only real'function of 
the global aligtlment is therefore to insure that the local alignment 4~rrecliC)ns are kept 
small, so that the (linearized) correction routines used for the local alignnlent ar'e not 
e.xter:.jed beyond their proper limi.t. For global a.lib~\ent, we will adopt, after ALEPH, 
a simple software procedur~,68 which operates by taking a sample (Ilf TPC tracks (about 
10K)" and minimizing the discrepancy between SVT hits and associated track 
extrapolation points, taking as free pararneters 3 translations and 31rotations of the SVT 
as a s,ingle rigid object. 

4.1--1.5.5.4. Local Alignment 

The local alignment is by far the more important, and the :mo~'e difficult. It will be 
discussed here in steps: 

• SOD inte,mal aUgnment: 
addresses how precisely the E field is aligned with the geomletry of the 
pad row. The present technology of fabrication of siHcon drift chambers 
allows for accuracy better than 1 fJ.m. 'Therefore, this is not;" a concern. 

• SOD alignment on, the ladder: 
The 1i.tera"ure ()n alignment of silicon strip detectors reflers to a,I\ achievable 
precision of 2 ~tm. We adopt here the conservative number of 5 , .. un, which is 
easily obtainable wlth the present LBL rnechanical shop equipment Each SDD 
wafel'l for this reason, will have fiducials at each end 'Nhich ean be ioeated 
with a micn,iscope. The s,ame will be done fot, each carri~I'r. The detectors will 
be placed r'elative to one a.nother and the carrier fiducialsi with a variance of 5 

--~.---.----, 

68 ALEPH Note 91-43. 
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J.Un. After placement on the carrier, the carrier fiducials can be used for all 
other references. 

• Vertical tnt of SDD's on the ladders: 
SOD's will be glued to the ladders. The glue thickness will be 20-25 J.Un. The 
tilt can be controlled very accl"rately by using 25 Jl.m wires or balls to 
determine the distance between surfaces. This way the glue only fills in the 
void and does not determine the actual gap. Accuracy of this procedure can 
not cause a tilt greater than 0.2 mrad. 

• Positioning carrier on frame: 
will be done using a microscope and precIsIon rotary assembly jig. 
Anticipated precision should not be worse than 25 J,J.m. The atta.chment 
strategy has not been determined yet. (LANL is working on this problem and 
expects a. timely solution). 

Sumnlarizing, it is planned (and it seems feasible) to measure relative SOD wafer 
positions prior to insertion into STAR, to an accuracy.of 5-30 )J..m. However, because of 
numerous physical effects (thermal expansion, stress during insertion, magnetic field 
effects, etc.), these positions rna y not be a correct set for the detector after insertion. 
Therefore, it is necessary: 

1) to determine the distortion of the S\~ in situ, 

2) to monitor change:; of the SVT position af) a function of time. 

The most direct method for measuring the position of the detector is with 
straight tra,ck data. Even if not absolutely required, the data-driven alignment will st.ill 
be a necessary test of the consistency of the data. Two alignment methods, vertex 
constraint technique and 2 (3) layer technique, can be used in ST A.R for this purpose. 
The latter one uses only information from the SVT itself, so it can be used to bootstrap 
the detector into alignment, thus avoiding the systernatic accuracy limits of the TPC. 
This can als.o be used as an accurate monitor of stability of TPC performance in unlet 
This software alignment is usu~~lly perforrned only periodically. Therefore, one needs an 
on-line monitoring system to check continuously the position of the vertex detector. 
Techniques like capacitive position sensors or laser beams pointing to CeD chips 
installed on the SVT end caps are being considered. The detailed. descriptions of similar 
procedure f.~an be found in [69,70]. 

4.lb2&. Cooling ConsjderatiQn~. 

• 

• 

• 

• 

• 

• 

• 

• 

A preliminary study has been completed to determine the magnitude of the • 
cooling required. The input model and typical thermal contours with gas convection 
cooling are shown on Figure 4H ... 31. 

69 ALEPH Note 91-43. 
70 ALEPH Note 92-10. 
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ANSYS 4.4A 
APR 10 1992 
1&:09:35 
POST1 STRESS 
STEP=1 
ITER-1 
TEMP 
SMN =20.621 
SMX -22.748 

ZV ~1 
DISTIIO.0264 
YF -0.024 
It. 1:20 
B =20.13 
C -20.26 
o - 20.39 
E -20.52 
F -20.65 
G =20.78 
H -20.91 
I 11:21.04 
J -Zl.17 
K 1:21.3 
L 1121.43 
M -21.56 
N 1:21.69 
o I: 21.82 
P -21.95 
Q I: 22.08 
R 1122.21 
S !IIZZ.34 
T III 22.47 
U I: 22.6 . 
V =22.'73 
W 1122.86 
)( II 22. fa 9 

Figure 4H-31 Thermal model of the prototype detector and typical thermal contours. }feat was 
input along the dark lines. 

Different convection film coefficients were assumed for this initial study. TIle 
smallest of 5 W /m2-C corresponds to that achieved by natural convection and the 
highest, 75 W Im2..C would be obtained by blo\\iing high velocity gas (75 mph) over the 
detector su%'facen The results of these calculations are shown by Table 4H-4. The 
maximum temperature gradient was along the detector centerline. 

Assuming a power of 1.5 m W I channel it can be seen that the drop in the 
maximum gradient is not significant if the film coefficient is increased above about 
20 W 1m2-C. None of the cases studied predicted all achievable gradient less than '1 0 c. 
For a reasonable film coefficient (20 W 1m2-C), the maximum gradient was about 2.60 c. 
Early indications from physics are that gradients in the detector must be below 0.10 c. 
Pronl these results it can be assumed that cooling by gas only may not be sufficient to 
obtain the required thermal profiles. 
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Table 4H-4 Results of gas cooling study. 

Film Coef. Power/chan Max Temp Max Temp. 
W/ln2..C mW gradient, C C 

5 1.0 2.16 37.9 
5 1.5 3.19 42.4 

5 2.0 4.21 46.9 
10 1.5 3.03 32.2 

20 1.5 2.55 2509 
75 1.0 1.3 22.1 --75 1.5 1.92 22.7 
75 2.0 2.55 23.4 

Initial studies were conducted to determine the possible thermal profiles using 
liquid cooling. During these studies, three edges of the detector were held at 200 C. The 
forth edge, corresponding to the middle of the ST AR2 design, was assumed to be 
insulated. This is an idealized case similar to aggressive liquid cooling around the 
detector where it is attached to the carriers. The results indicated that the gradients were 
below about 0.10 C with and without the assistance of natural convection. Additional 
physics analysis and prototyping must be co,mpleted prior to determining the final 
detector cooling method. It is expected that a decision will be made at the end of 
sumtner. The cost estimate assumed liquid cooling as a baseline. 

~.H.5.7. InstalleP.on apd Access 

The SVT will be assembled as described earlier. During the initial assembly, it will be 
installed in the tube portion of the tube! cone support. This tube will provide excellent 
protection during ~hipping. The SVT will be aligned relative to the tube/ cone support 
using flducials on each end plate of the SVT and the two flanges on the tube/cone 
support. During the final installation in the STAR detector" these fiducials can be seen 
by theodolites that can determine their position relative to fiducials on the TPC. It may 
be possible to use a long-focal length nlicroscope to look at the fiducial on the SVT 
which 'would provide a more accurate relative placement. After alignment of the 
fiducials, the SVT will be reIlloved from the tube / cone supports. When it is time to 
install the SVT in the STAR detector, the tube/cone support will be inserted into one 
end of the TPC inner field cage. One end of the support will have a fixed flange and the 
other will have a rotatable removable flange. This removable flange will contain two 0 
rings, one for the TPC connection and one for the tube/ cone support. Prior to tightening 
the flange bolts, the external fidudals can be aligned relative to those on the wheel of 
the TPCo Temporary tracks will then be attached to the tube/cone support. The two 

halves of the SVT will be placed over the beam tube and attached together. The SVT will 
then be moved down the t.Tacks to a position next to the SVT / tube supports. A fixture 
will then lift the SVT off of thr tracks and translate it to the supports. After lowering the 
SVT onto its supports, the fixture and temporary tracks ",rill be reInoved. The accuracy 
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of SVT placement relative to the fiducials on the cones will have been determined 
earlier during initial assembly. The cost of the special fixture and the temporary tracks 
are included in the cost estimate. 

Access to the onboard SVT electronics will not be possible without removing the 
SVT. It will be possible to gain access to the end of the SVT by moving the tube/cone 
assembly toward one end of the detector. Ports will be available in the cone supports to 
allow access to the end of the carriers. The svr must be completely 'removed for any 
work on the detectors. To remove the SVT, the cables must be disconnected at one end. 
A temporary support may be necessary to hold these pigtails. Temporary tracks will be 
installed at the opposite end and a special fixture will be used to lift and translate the 
SVT on to these tracks. The SVT can then be rolled to one end of the TPC. After the 
cables have been removed, the SVT can be split into two halves and moved to the STAR 
clean room for maintenance. If detectors must be replaced, the carriers must be removed 
from the en.d plates. These tasks must be accomplished using precision instruments 
equivalent to those u.sed during initial assembly. 

4.1-1.5.8. Engineering Issues 

The outstanding issue that has the greatest impact on the mechanical design of 
the SVT is the type and amount of cooling required. As discussed above, liquid cooling 
may be required. Although the amount of heat to be removed is small, the requirenlent 
for very low radiation lengths makes the cooling configuration design a challenging 
one. To obtain low radiation lengths, the flow channels must be kept small and even 
with small flow, pressure may be an issue. Fabrication of small channels using 
berylliunl must be investigated prior to a final decision on the configuration. 

Another mechanical uncertainly for the SVT is the ability of the frame to hold the 
tight tolerance for unknown positions after turnon. The placement requirements are 
within the present capability of coordinate measuring machines with optical heads. 
Micro manipulators are available to assist in fine movement durin.g assembly. A CMM 
available at LBL has a measurement volume of 1 x 1 x 1 m. Over this volume the 
accuracy is about 25 mm in x, y and z. While placing the detector nlodules onto the 
carrier" a smaller CMM can be used that CCAll locate fiducials relative to each other by 
about ±2 Jlm. Once the assembly is complete, the location of the inner modules can not 
be determined optically. The expected location will be determined by analysis and 
prototype testing. The final, most accurate position location will be by the use of stiff 
particles and software. 

4.H.S.9. Testing and Calibration Issues 

Prototyping 

In the near future we will build a full size Al prototype of the support structure 
for the SVT in order to test the assen\bly procedure and address integration and 
alignment issues. In connection with the support prototype we will test a number 
cooling system designs for comparison with thermal calculations. We attempt to 
perform deflection measurements which will help us to detenni.ne the mechanical 
distortions due to the selection of a certain cooling technique,( e.g. vibrational effects due 
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to high pressure air cooling or under pressure water cooling. This prototype also 
enables us to test the integl'ation of the various carrier designs and carrier material 
choices under discussion, The tiling and the cable integration of the STAR2 detectors 
will be investigated as well (see chapter 4.H.5.6.) 

Test Beam 

As a next step we plan to mount a few STAR2 prototypes, which are available by 
the end of 1992 onto the structure prototype and perform detector tests by utilizing 
available test beam facilities. The plan foresees beanl times at TRIUMF (up to 300 
MeV Ic pions), BNL (SEB and RHIC heavy ion test beam) and WSU (5 MeV Ie 
electrons). In these varying environmen.ts it will be possible to determine effects like 
enhanced yconversion due to the cooling pipes, cooling material (if liquid cooling) and 
the detector tiling, cross talk between the detectors, performance in high multiplicity 
en.vironment, optimization of readout chain. Besides that the main physics requirements 
like spatial, momentum and two track resolution as well as dE/dx capabilities will be 
investigated by utilizing test beam. A detailed plan for test beam requirements for the 
next year is in progress. 

Calibration Issues 

The relative as well as the absolute position calibration on the SVT wafers can be 
determined either by stTaight (high Pt) tracks (see chapter 4.l-I.5.5.4) or by induced laser 
beaulS. For the energy calibration one uses radiation sources or, for higher energies, a 
particle beam of well known energy A third alternative v~ould be to induce current onto 
the detector. All these methods will be used to calibrate the system offline. For online 
calibration, tracks whose momentum is well determined by the TPe seem adequate. 
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4.1. Electrolnagnetic Calorimeter 

4.1.10 Specialized Physics Issues 

Soft Processes in Nucleus-Nucleus Collisions 

Chapter 41 - Conceptual Design - EMC 

Measurement of the total (Et) and local (dEt/dll,) transverse energy deposition in 
relativistic nucleus-nucleus collisions is essential in determining the degree of nuclear 
stopping which occurs. Analysis of the total transverse energy at mid-rapidity leads 
directly to estimates of the energy density characterizing the reaction, allowing further 
determination of the likelihood of plasma formation. Detailed examination of the local 
transverse energy deposition (d2Etl dll dCP) may be used to search for fluctuations 
resulting from unusual particle production processes. Furthermore, event by event 
correlation of the dnl dll and dEtl dl1 distributions allows not only a systematic 
description of the reaction dynamics appropriate for the description of "ordinary" 
nucleus .. nucleus collisions, but facilitates the identification of rare events as well. Events 
in which the ratio of charged to neutral transverse energy (Etchg/EtO) is 
uncharacteristically high or low in view of normal ic;ospin considerations have also been 
proposed as a possible signature of novel phenomena. The scintillator trigger barrel, 
time projection chambers, and SVT will provide offline information allowing studies of 
some of these effects.l-Iowever, because the STAR electromagnetic calorimeter (EMC) is 
unique in its ability to detect neutral electronlagnetic energy, and is inherently a fast 
device, it will perform several essential functions in the study of these phenomena. 

For "soft" nuclear processes (Pt ~ 1 GeV), the STAR EMC detects approximately 
50% of the total transverse energy deposited in the range 1111 < 1.05 (Fig. 41-1). 
Approximately 40% of the detected energy is from low energy hadrons entering the 
calorimeter and depositing energy by dE/dx. The remaining 60% iG due to neutral 
electromagnetic energy, for which the calorimeter is essentially 1000/0 efficient. 
Ordinarily in high energy hadronic collisions the dnl dl1 and dEtl d" distributions are 
simply related by the < pt > of the produced particles. It is predicted therefore by 
models such as FRITIOFl and HIJIN(~2 that these distributions will be strongly 
correlated in relativistic nucleus··nucleus collisions as well (Fig. 41-2). The observed 
experimental correlation may therefore provide important information on the reaction 
dynamics characterizing these collisions. As the STAR EMC efficiently detects the 
neutral transverse electromagnetic energy, the resolution of the STAR detector for 
studying this correlation is hnproved.More generally, the improved resolution afforded 
by the EMC enhances the STAR physics capability in all studies where the flow of 
transverse energy is an observable . 

Another study facilitated by the STAR EMC is the search for events in which the 
ratio of charged to neutral transverse energy (Etchg/EtO) is uncharacteristically high or 
low. Speculation concerning the origin of so-called Centauro events3, for example, has 

1 Bo Nilsson-Almquist and E. Stenlund, Computer Physics Comtnunications 43(1987) . 
2 Xin~Nian Wang and Miklos Gyulassy, LBL report LBL-31036; X.-N. Wang and M. Gyulassy, Phys. Rev. 
D41,3501 (1991). 
3 Panagioutou et: a1., Phys. Rev. D45, 3134 (1992). 
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Figure 41-1 The ratio as a function of inzpact parameter of the transverse energy detected in the 
STAR EMC to the t'Dtal transverse energy within I 77 i 51.05 for AuAu collisions at -{inn= 200 
GeV. 
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Figure 41-2 A comparison as a function of ilnpact parameter of the particle multiplicity and 
transverse energy within I 77 I 51.05 for AuAu collisions at -{inn= 200 GeV. Both distributions 
are plotted as a ratio of the value at a given i1npact para1neter to the rnaximum of the 
distribution. 
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lead to the possibility that unusual fluctuations in this ratio could signal the onset of 
novel phenomena. Since the EMC is the only detector in the Phase I baseline to detect 
neutral electromagnetic energy, these phenomena can only be studied with information 
provided by this detector system. Infornlation on the transverse energy carried by 
charged particles will be provided by TPC and SVT tra.cking, and to some extent by the 
longitudinal segmentation in the EMC as well. An example of the expected change in 
this ratio if only neutral pions were produced is shown in Fig. 41-3 for central AuAu 
collisions. The input for this scatterplot was derived by replacing the charged pion 10 
presented to GEANT for normal AuAu collisions by the corresponding neutral pion ID, 
given the STAR geometry. MOlnentum and energy a.re therefore conserved. What is 
evident from this plot, is that even though the increase in detected energy is - 25% in 
the case where all the produced pions are neutral, the correlation of the information 
from the EMC with multiplicity information provided, for example, by the scintillator 
trigger barrel would provide a powerful means of triggering on events in which the 
correlation between the < M > and Et distributions may signal the production of rare 
events of unique origin. This is an important consideration since events in which "new 
physics" occurs may be produced at very low cross section . 
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Figure 41-3 A scatterpiot of the charge particle multiplicity and the transverse energy detected in 
the STAR EMC for 1) standard H.lJING AuAu events at -{inn= 200 GeV; and 2) HI/INC 
AuAu events in which only neutral pions are produced. Data shown are for b < 1 {nl. 
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Hard Parton Scattering In Nucleus-Nucleus Collisions 

Another interesting possibility pointed out by Gyulassy and Plumer4 is the use of 
hard parton scattering to probe nucleus-nucleus collisions. RI-IIC win be the first 
accelerator to provide nuclear collisions at energies where perturbative QeD gives an 
accurate description of hard parton scattering, and where the rates of detectable 
partonic debris (jets and high pt particles) permit accurate measurements. Because the 
hard parton scatterings occur before hot matter forms in the region between the two 
receding nuclei, the rate of hard parton scattering can be reliably calculated. RHIC 
therefore offers a unique opportunity to study the interactions of PI rtons in the hot 
medium and thus infer its properties. 

There are dataS which suggest the interaction of hard scattered partons passing 
through nuclear matter is strong enough to be observed. Ideally, this physics is best 
studied in back to back jet-jet or 'Y -jet events. A detailed understanding of the effect of 
the nuclear medium in such events requires a systematic program of pp, pA, and AA 
studies, jn which the effects of parton shadowing and the structure function of the 
proton can be unfolded as well. 

The full capability of the STAR EMC tb pursue these studies, as 'well as the 
possible use of this probe to search for the quark-gluon plasma is still under 
investigation. Since, for example, jet-jet and 'Y-jet events are produced at low cross 
section, the generation of a sufficient number of fully simulated nucleus-nucleus 
collisions to accurately estimate the backgrounds which are present is difficult. 
Furthermore, although some data for low Pt hadrons do exist6, in general the response 
of sampling calorimeters to hadrons of this energy is not well studied. The large flux of 
low pt hadrons pi'esent in these reactions may preclude the study of jets, except for the 
study of leading high pt particle production. There is evidence7 which suggests it is still 
possible in this instance to investigate nuclear effects. Simulations to determine the real 
capability of the STAR EMC for detecting hard parton scattering in nucleus-nucleus 
collisions are continuing" 

Direct Photon and Jet Physics in Polarized pp Interactions 

Although years of experimental efforts at the CERN and FNAL colliders have 
provided much information about the structure of QeD hard scatterings and the parton 
structure of the proton, there is no corresponding body of data on the spin .. dependence 
of the elenlentary interactions and the spin structure of the proton. High luminosity 
polarized proton beams in RHIC offer the opportunity to use the unique properties of 
the spin variable to increase the understanding of these fundamental quantities. 
Measurements8 at SLAC and CERN of deep inelastic scattering of longitudinally 

4 M. Gyulassy and M. Plunler, Phys. Lett. B243/ 432 (1990). 
5 L. S. Osborne et al., Phys. Rev. LeU. 40 1624 (1978); M. Gyulassy and M. Plumer, LBL Report LBL-27.l34 
(1989). 
6 C.W. Fabjan and R. Wignlans, Rep. Prog. Phys. 52, 1519(1989). 
7 X.N. Wang and M. Gyulassy, Phys. Rev. Lett. 68, 1480 (1992). 
8 V.W. Hughes and J. Kuti, Ann. Rev. Nud. Part. Sci. 33, 611 (1983); }. Ashman et al., Nucl. Phys B328, 1 
(1989). 
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polarized leptons by longitudinally polarized protons suggest that a surprisingly small 
fraction of the proton's spin may be carried by the valence quarks. This is in contrast to 
the fraction of the proton's longitudinal momentum carried by the valence quarks, and 
may indicate that the present understanding of the proton's internal structure is 
deficient. The fraction of spin carried by gluons must be measured to clarify this 
situation. 

There are two areas of proton-proton spin physics which can be best done with 
the combination of RHIC and STAR. The first area is the proton spin structure functions 
of gluons with longitudinal spin. The gluon spin structure function, AG, can be 
determined crudely \lvith inclusive jets, better with inclusive direct gammas, and best 
(with actual measurement of the x dependence) by usin.g a direct gamma in coincidence 
with production of an away-side jet. A second clear category of physics to be done is the 
measurement of single-spin transverse asymmetries. These are variously described as 
twist-3, non-local, or orbital effects. In the past, the theoretical expectation was that such 
effects would disappear at high pt. The fact that they have not vanished, but appear to 
remain constant at a given Xt up to Fermilab fixed-target energies, has stimulated. much 
theoretical work and there is now great interest in doing such measurements at the 
higher energies available at RHIC, where it is unarguable that perturbative QCD should 
be fully applicable. STAR is in a unique position to measure jets in the relevant 
kinematic region, with full acceptance for parton scatters within 1111 < 0.3 and Pt up to 
50 GeV at vs = 200 GeV. In pp collisions, STAR can also measure the inclusive 1t 0 yield 
in the Xt region up to 0.4·, and dir~ct photons having pt ~ 2-3 GeV. The necessity of 
electron~agnetic calorimetry for making the measurements of direct photons and nO's is 
obvious, and is also essential to remove the energy fluctuations that would otherwise 
occur in measurement of jet properties. The Xt range that can be covered in 
me.asurements of y-jet events can be considerably extended by the future addition of an 
end-cap EM calorimeter, and space is being reserved for this possibility. 

4.1.2. Description of Subsystem 

Conceptual Design of the STAn. EMC 

The barrel EM calorimeter, Figs. 41-(4-6), is a lead-scintillator sampling 
calorimeter. It is located outside the superconducting solenoid coil and inside the iron 
flux return. It covers 1111 S 1.05 and 27t in azhnuth. At" - 0, the amount of material in 
front of the EMC is - 1Xo. The inner radius is 2.53 meters and the length is 6.87 meters. 
It consists of 60 wedge segments of 6 degrees in ell and is subdivided into 40 pseuJo
projective towers over the" range. Each tower has 21 layers of lead and scintillator. 
Thus there are 50400 pieces of scintillator of 420 different shapes. Each scintillator tile 
will be read out with two wavelength shifting optical fibers which go to Hamamatsu 
R580 PMT's (Fig. 41-7). In the phase 1 implementation, to reduce the cost, all the fibers 
from pairs of towers adjacent in 11 will go to one PMT. There will be 1200 PMT's and the 
effective tower size will be 0.105 x 0.105 (~T11 ~~), similar to many existing calorimeters 
used in studies of jets and direct photons in high energy physics. The physical 
construction permits various kinds of upgrades as increased funds become available for 
more PMT channels such as a two-fold increase in Tl segmentation, and flexible 
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Figure 41-4. A cross section of the STAR EMC barrel. 
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Figure 41-5 An end view of the STAR EMC burrel. The EMC wedges al'e titled at an angle of 3 0 

to eliminate projective cracks in the barrel. 
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Figure 41-6 A cross section of several of the El\1C wedges mounted on the iron flux return bars. 
The showe7" max box is located at a depth of ,... 5Xo . 
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Figure 41-7 A cross section of the lead-scintillator stack in one of the EMC wedges. Each 1] t01.ver 
contains two scintillator tiles, each of which is read out by two WLS fibers .. The locations of the 
front plate, shower max box, cOlnp1'ession strap, and strong-back support are also indicated. 
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depth segmentation to optim.ize the separation of hadronic and electrolnagnetic energy 
components. 

The phase I calorinleter will also include a detector with higher granularity at -
5Xo to increas·e the two photon resolution of the EMC and. thus, the ability of the 
detector to separa,te high energy direct photons from those oor.tting from ftO decays. The 
shower max detector that is planned is similar in design to prfl)totypes that were made 
for ZEUS, COF, and SOC (see for example Rainwater et a1.9).It consists of scintillator 
strips approximately 1 em in , by 36 em in 11, located at a deplth of - 5Xo. Each strip is 
read out by a wavelength shifting fiber. The longitudinal,dimensiofl of the strips 
corresponds to the physical size of two 11 towers which facilitaltes bringing the fibers to 
the outside of the barrel. The construction of the strips is acc(:.mplished using a single 
piece of scintillator which is slotted. The sci,ntillator itself is Iln the form of 1200 tiles 
which are apr'c'lximately 27 em in t.he ~ direction by 28-45 Icm in 11. This technique 
minimizes the handling of small parts, and provides good alignment. The phase I 
shower max detector will therefore consist of 28800 scintillatililg strips fabricated from 
1200 scintillator tiles, with 28800 WLS fibers aluminized on one end. The read .. out for 
this detector, which could Inake use of multi-anode phototubes, will be added as an 
upgrade. 

For calibration of the detector, small radioactive sources"such as Cesium 137, can 
be positioned accurately inside small steel tubes, typic:ally 1 tt',. 1.5 mJrn diameter. The 
positioning accuracy is very importa.nt since the energy deposIted in a tile has a l/r2 
dependence as well as an exponential factor due to absorption of thf~ gammas. There 
will be two source tubes in the 11 direction at the sho\ver mHlximum depth in each 
vvedge, approximately positioned at the center of t.he wedge in tl~e cp direction. This will 
allow relative gain checks of the towers, and an absolute calibralrion if correlated to test 
beam calibrations. There will also be one source tube in the radiall dire:ction on each side 
of each tower of each wedge. Thi.s will allow monitoring of the depth response of 
towers a.nd possibly be the only absolute calibration of each tow,er once the wedges are 
installed. The sou.rces ca.n be put in manually on the ends of wires o:r with a motorized 
driver system using flexible tubes which couple to the steel tube~;. TIlere are 2400 radial 
source tubes and 120 axial ones. ~iotorized sou.rce drivers 'w'ill bE!' permanently installed 
on the end of each wedge if t'here is space. Laser calibration of the EMC PMT's will be 
used to monitor gain stability. Distribution of th~! laser light wililbe accomplished using 
dear uv tra~c;mitting optic fiber. 

The dynamic range re'quin:d for the ADC·ts used to digiti~l~ the inJonnation from 
the calorimeter to\,Jers is determined by two general con,sider.l1tlons. The maxi.mum 
electromagnetic energy in a. tower will be -20 GeV. This co:rresponds to the maximum 
energy at whictl the yield of direct photons is still measurabl~~. This energy is also 
approx.imately the same as that of leading particles or the electron'l.agnetic component in 
the highest energy (-50 G·eV) jets that will have me·a.surable yields. At the low end, a 
minimu111 ionizing track traversing the entire calorirrteter stack '1IVill deposit -20 MeV 
(400 MeV electromagnetic equivalent). This signal must be obSenrtl~d above the pedestal, 
with some resolution, to account for tower energy sharing and for use intrackfinding at 

'9 Rainwater et at, ZEUS Note AMZE.US No. 107, Oct. 25, 1991. 
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high luminosity where there are many out ... of-time events in the TPC. Thus, the required 
range of the ADCs is approximately 12 bits in either a single device or in parallel 
devices with different gains. The dynamic range of the ADC's for the shower max 
scintillators is determined by the number of minimum ionizing tracks in a maximum 
energy shower at 5"0, about 100 at 35 GeV. If the pulse height from one track is to be a 
few counts above pedestal, the dynan'uc range required is roughly 500, or 9 bits. 

The DAQ requirements for the EMC are somewhat different front those of the 
TPC or SVT. Because of the small number of channels (1200), the need to store the 
analog signals during the time required to malee up a first level trigger will be 
addressed by cable delays. The digitizers will be commercially available Fastbus ADC's. 
Upgrades to the EMC detector, notably the 30k channels of shower max detector, will 
require a totally different approach to this problenl based on analog pipelines 
implemen.ted in custom chips. 

The relevant design parameters of the STAR EMC barrel are summarized in 
Table 41 .. 1 below. 

'1' able 41-1 Calorimeter parameters . 
.... 

Barrel Calorimeter type 21 Xo lead-scintillator 'EM' section 
Segmentation: 60 azimuthal sectors, ~q,::: 0.105 (6°) 

40 projective towers in I 'Ill < 1.05, 
~T1= 0.0525 - -Inner radius: 2.53m 

Length: 6.B7m 
Weight: 150 tons -Absorber: pieces: 5 ~m lead (= 0.9 Xo ) in 21 layers 

21 x 60 pieces total, 
each - (25 x 650 ) cm2 

Scintillator: pieces: 3 mm plastic in 21 layers 60 x 21 x 40; 
pieces, 420 sizes each - (25 x 25) cm2 

... -
Readout~ Wa ve.shifting fiber (2/ tile) to PMT 
PMTs: 1200 (Phase I: 211 towers/PMT) 

Shower M:ax detector: Scintillator strips pc:rallel to" --
~ips~~ces: 1 em x (2545) em 28800 total _ ..... --. .... . -... .... -Readout: Waveshifting fiber (no PMTs i.n Phase 1) - -

4.1.3. Capa.bilities of the s'r AR EMC 

The performance goals for the STAR EMC can be described in terms of energy 
resolution, spatial resolution, and ability to separate EM from hadronic energy,. 
Additionally, the response of the STAR EM·C is constrained to be fast in order to 
provide a trigger for high pt particles. UnHke shnilar devices currently planned or in 
use at other colliders, however, the STAR EMC is intended to provide both "soft" 
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nuclear physics and high pt parton physics data. The implications for the design of this 
detector therefore vary, depending on which physics goals are discussed. • I 

Full calorimetry in STAR is accomplished using a combination of TPC tracking 
and electromagnetic calor:;netry. This question was studied by simulating jet events in 
pp collisions at ~snn= 200 Ge\l using the HIJING generator, decaying all produced 
particles with lifetimes shorter than the KOLI and considering the energy produced in 
the form of photons, charged particles and hadrons (both charged and neutral). The • 
effect of the STAR solenoidal field on the location of the energy deposited by the 
charged pa.rtic1es in the hadronic calorimeter was taken into account, and then the 
energies of the hadrons and photons were binned into a.n 11-<P grid with bin sizes of 0.1 
and 0.028, respectively. (These bins are much larger than necessary for the 'Tracking' 
and EM components, but are used for comparison with the bin sizes typical of collider • 
calorimeters.) The resulting binned energies were folded with resolutions of 0.40/,vE for 
the hadron calorimeter, and O.22/-VE for the EM calorirrleter. The spatial resolution, 
momentum resolution, and reconstruction efficiency of the tracking system were 
assumed to be perfect .. An implementation of the CDP cluster-finding algorithm was 
then applied to the binned data sets and, for each found cluster, Et was summed within • 
R ::: .y(~112 + L\q,2) ~ 0.7 for both the [EM + hadronic1 and [EM + Tracking] data sets. A 
grand sum over all clusters found in each event was then made in both cases. The mean 
detected jet energies and fractional RMS widths for these data are listed in the table 
below. 

Et (jet) 20 GeV/c 40GeV Ie 80 GeV/c 

EM + Hadronic 
Inean detected 13.77 29.70 65.32 -detected / sen~d 0.83 0.65 0.65 
RMSwidth 6.60 9.59 13.99 

% RMS wid.th 40 24 14.5 -
EM + Tracking 
mean detected 13.98 26.79 59.01 -
dete~ .. t~d I ~enerated O.Bl 0.76 0.79 
RMSwidth 5.21 8.49 13.50 - -- -% RMSwidth 32 25 17 

The energy resolutions in [EM + Tracking] are not appreciably worse than those in [EM 
+ Hadronicl for the higher Pt jets, and are even somewhat better for the Io'west Pl1 
presumably because of the rapidly decreasing hadronic calorimeter resolution. 

Further results of this study are presented in Figs. 4I .. (8-9}, where the energv 0f 
dusters found using the COP style duster finding algorithm in 40 GeV pp jet events is 
compared for (EM plus tracking) and (EM plus hadronic) calorimetry on an event by 
even t basis. The primary losses in the former technique are a consequence of transverse 
energy carried by neutrons and KOL n1esons which are detected with low probability in 
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Figure 41-8 A scatterplot of the energy of clusters foun.d using electromagnetic energy from the 
STAR EMC plus "racking and momentum information from the TPC versus EM plus hadronic 
calorimetry, Data shown are for 40 GeV jet events from pp collisions at Vs = 200 GeV. The 
asymmetry in the distribution is due 11Timarily to the transverse energy of neutrons and KOL 
mesons which are detected using EM plus hadronic calorimetry but are detected in the EMC 
alone with low probability. 
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Figure 41-9 A plot of the average energy of clusters found using EM plus tracking versus .the 
average energy found using EM plus hadronic calorimetry for 40 GeV jet events from pp 
collisions at vs = 200 GeV. 
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the EMC section. There is a clear correspondence between the energy of cl us tel'S found 
using these two techniques, which is further evident in Figs. 41-(10-11), in which slices 
in energy on the (EMC plus hadronic) calorimetry axis have been projected on to the 
(Elvie plus tracking) axis. There are also data from a recent experiment at I(EK which 
support the feasibility of studying jets and direct photons using tracking and 
electromagnetic calorimetry.10 

:r'or nucleus-nucleus collisions, it is also envisioned the EM plus tracking 
technique will be used, both for high Pt and soft physics studies. For the latter, accurate 
Dleasurement of the local transverse energy flow (d2Et/dlld~ ) is complicated by the 
fact that the response of the EMC to low energy hadrons entering the detector is subject 
to fluctuations, despite the information available froIn the TPC tracking. Correction of 
the measured energy flovy willl'equire careful test beam calibrations, to document the 
response to low energy hadrons, and will, in any event, be subject to a loss of resolution 
due this effect. 

An hnportant question in the study of jets and direct photons in both pp and AA 
reactions is the ability of the STAR EMC to trigger efficiently on events containing hard 
parton scatters, while rejecting minimum bias events. This is particularly important in 

70 
--_ .. --_.-- 10 99B 

Entrlers 30 
Mean 34.45 

60 -
RMS 5.929 

so 

40 

30 

20 

10 -

PI elus! lor £1 cl1I51(3840) 

Figure 4,]··10 A projection on the EM plus tracking axis of a slice of the E.M plus hadronic 
calorimetry axis from 38 to 40 GeV. 

1.0 Y. Kim, University of Rochester Report UR-1182i I. H. Parkt Ph.D. dissertation, Rutgers University 
1989, unpublished. 
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Figure 41-11 .A projection on the EM plus tracking axis of a slice of the EM plus hadronic 
calorimetry axis from 10 to 12 GeV. 

pp studies where the design luminosity for ~s =200 yields approximately 2 · 106 
minimun1 bias events per second. The results of a study to examine the efficiency of a 
calorimeter trigger based on discriminating energy on a tower by tower basis are 
presented in Fig. 41 ... 12 for pp collisions. From the data presented, it is evident that for a 
discrimination threshold of 3 GeV, the trigger efficiency for jets having transverse 
momenta of 10 GeV' for example is - 10%. The trigger rate for this threshold is 
approximately 10 per second (Fig. 41-13). Consequently, the rate of 10 GeV jet events 
logged is predicted to be .... 1 per second. 

The corresponding plots for AuAu collisions are presented in Figs. 41 .. 14 and 41-
15. In this case the trigger thresholds have been increased to account for the increased 
average Et deposited in the towers by the large number of secondaries produced in 
AuAu collisions. Despite this increase, the selectivity of the trigger for events containing 
a hard parton scatter below Pt ~ 20 Ge V is considerably worse. Thi') is a consequence of 
the fact that the observation, for example, of an energy deposition of 7 GeV in a given 
tower is not as strongly correlated with the presence of a jet in thit; environment. The 
efficiency at this threshold for selecting events containing jets of 10 GeV is nevertheless 
higher than in pp collisions. This is because the number of 10 GeV jets produced in 
central Au Au collisions is greatly increased, and there is therefore an increased 
probability of accepting such an event by randon1 chance. Further sinlulation is 
necessary to deternline if an nlore selective trigger can be devised. The trigger rate for 
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Figure 41-12 The efficiency as a function of jet energy for triggering on an event containing a jet, 
for a gi1)en single tower discrimination threshold. Data shown are for pp collisions at Vs = 200 
GeV. 

AuAu events containing a parton scatter with a pt of 10 GeV or more is approximately 1 
per second which is well within the STAR capability. This is a consequence primarily of 
the reduced luminosity for Au. It is noted with regard to triggering, that the STAR EMC 
is presently the only detector in the STAR Phase I capable of triggering on high Pt 
particles. 

A related question is the ability of the TPC to track in the high luminosity pp 
environment. For the RHIC design luminosity of - 1.4 . 1()31 cnl'"2 sec~l the number of 
minimum bias events which occur within ± 40 JlSec of a triggered event in the "fPC is 
· ... 60. Recent simulation.c; (c.f. section 4.C.3.I) to exan1ine the response of the TPC under 
these conditions indicate that identification of the proper vertex for the triggered event 
in the presence of other events which both precede and follow the triggered event is not 
a problem. The corresponding track reconstruction efficiency is also good. Given the 
average multiplicity of secondaries produced in mininlum bias pp collisions, and the 
number of tracks produced in central AuAu collisions, it is anticipated that the STAR 
TPC will accomrl'lodate at least a factor of 10 increase in the pp luminosity. 

Another important consideration, which bears on the capability of the STAR 
EMC to detect direct photons, is the ability of the EMC to discriminate against 1C

o 

photons which are close together. This discrin1ination can in principle be performed 
either on a statistical basis, using a pre-shower detector,.. 2 Xo thick in front of the 
calorimeter, or by measuring the shower shape and therefore the two ,,(sepa.ration on an 
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Figure 41-13 The rate per second per GeV of events containing jets of a given Et for various 
single tower discrimination thresholds. Data shown are for pp collisions at "Is = 200 GeV (I 7J I < 
1.05) . 

event by event basis with a 'shower max' detector. Simulationsll have shown the latter 
method is superior given the STAR geometry, and results in a rnuch higher sensitivity 
to the spin dependent scattering asymmetries of interest in the STAR polarized pp 
physir.s program (Fig. 41-16). 

The limiting resolution of a sampling EM calorimeter depends on the frequency 
of sampling. This resolution has been parameterized as shown in Fig. 41 .. 17. The choice 
of 5 mm thick lead (0.9 Xo) and 3 to 4 mm scintillator (0.01 Xo) will provide 
approxirnately L\E/E = 20%/...JE. This resolution is adequate fof' direct garnma and jet 
physics above Pt of 10 GeV / c, based on experience from previous collider detectors 
which have successfully studied sin1ilar physics. Other limiting factors in jet resolution 
come from the TPC resolution (Ap/p ,.., 1.5 % at high momentum) , and froln missing 
neutrals such as KOL's, AO,s, and neutrons. The sampling depth of 19 Xo is adequate 
based on experience with 19 Xo lead glass at FNAL and from EGS calculations done for 
other experiments. Contributions to the resolution from fluctuations in energy loss 
through the back of the calorimeter are expected to be negligible below 50 Ge V / c. The 

11 M, Beddo, et al., Argonne National Lab, private communication. 
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Figure 41-14 The efficiency as a [unction of jet energy for triggering on an event containing a jet, 
for a gi7.)en single tower discrinlination threshold. Data shown are for AuAu collisions lit '{inn= 
200 GeV. 

coupling schenle betw'een the scintillator and fiber has been shown to give 2-4 photo
electrons/MIP and does not contribute significantly to the overall stochastic resolution. 

Tile .. to-tile or tower-to-tower variations in response lead to degraded resolution 
as an energy independent term and can also lead to poor trigger selectivity (hot-spots). 
These effects can be controlled by proper calibration procedures before, during and 
after assenlbly of the detector. 

Trigger capability for both total summed energy and local energy, (2x2 and 3x3 
clusters of towers for gammas, xO's and jets) will be provided with buffered electronics 
similar to that in the ZEUS experiment. 

4.1.4. R&D Issues and Technology Choices 

Basic areas where R&D is required for the STAR EMC include specification of the 
mechanical structure of the lead-scintillator stack, detern1ination of the optimal 
technique for waveshifter readout of the sampling scintillator tiles, the choice of 
photomultiplier tube, and the design and fabrication of the shower max detector. 
Additionally, it is of particular interest to investigate design options which enhance the 
linearity of the calorimeter response to low energy hadrons. These areas have recently 
been under study for ZEUS, SDC, and the COF endcap upgrade, and much information 
is already available. However, the detailed requirements for the STAR EMC are specific 
to this project, and sonlewhat different solutions must be investigated to detennine 
where cost savings may be achieved. 
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Figure 41-15 The rate per second per GeV of events containing jets of a given Et for various 
single tawer discrimination thresholds. Data shuwn are for AuAu collisions at ~nn = 200 GeV. 

Several important considerations enter into the mechanical structure of the EMC. 
One option, which requires the most R&D, but could lead to significant cost savings, is 
to stack the lead and scintillator without spacers so the pressure is evenly distributed 
over the scintillator. The pressure on the scintillator due to the weight of the stack is -15 
psi in this instance, similar to that in the CDP barrel calorimeter. Unlike CDF however, a 
difficulty arises due to the additional compression loading necessary to keep the stack 
mechanically stable. Concern over the possible long term crazing of the scintillator in 
this instance has lead to the initiation of pressure tests in which the light output of a 
number of scintillator tiles containing embedded WLS fibers was monitored as a 
function of pressure. It was found, for example, that at 100 psi the light output from the 
tiles decreased by -8%, although it returned to its in.itial value when the pressure was 
once again reduced to zero. This observation suggests a lack of irreversible damage due 
to crazing at this pressure, although further study is clearly needed to determine the 
long tenn effects of pressure on the scintillator tiles. 

A second option is to again stack alternating layers of lead and scintillator, but to 
separate consecutive layers of lead absorber with small I-beam shaped spacers having a 
web of -3mm. The scintillator tiles forming the towers fit between the spacers and do 
not experience any load due either to the weight or the compression loading of the 
stack. They are held in place by soft foam. In this instance however, the pressure on the 
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Figure 41-16 Ratio of 'fake' rto nO yields for model strip detectors placed at shower maximum in 
the EM calorimeter. 
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Figure 41-17 Scaling of the stochastic term in EM shou'er counter geometries and comparison to 
the ANL/WSTC Test Module and CDF shower counters. 

spacers is -2000 psi which leads to a potential difficulty with "coining" (Le. point 
deformation) of the lead, despite t!le fact that the lead alloy used contains small 
concentrations of calcium and tin to ,improve its structural integrity. Tests are presently 
being conducted to determine the compression loading necessary given the measured 

41-18 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

~. 

STAR Conceptual Design Report Chapter 41 - Conceptual Design - EMC 

coefficient of friction. Additional tests will indicate the extent of the coining of the lead 
which occurs when the lead experiences the proper load while in contact with the 
spacers. It is noted that this stacking technique was successfully used for the ZEUS, 
barrel calorimeter. In this instance however, the absorber plates were fabricat~d from 
billets of depleted uranium, which is both stiffer and more expensive than the lead 
absorber contemplated for the STAR EMC. One potential solution to the problem of 
coining is to clad the lead with thin (.015") sheets of stainless steel bonded to both sides 
of the 'absorber plates. This possibility is presently being investigated. 

A second difficulty with this stacking technique arises from the positioning of the 
I-beam spacers. Ideally they are placed along the boundaries of towers so as not to 
conflict with the segmenting of the scintillator tiles. Since the spacers at different radial 
depths are not located at the same longitudinal location however, there are bending 
moments in the stack which tend to deforrn the layers locally in the vicinity of the 
spacers. The influence of this effect, as well as the ability of the stainless steel cladding 
to resist it are currently under investigation. 

A cast-lead structure with internal steel membranes cast inside the lead is a 
known solution to the structural problems discussed above. This option refleclq the 
technology of choice for SDC and has been studied in some deta,il. Many finite ... element 
stress-studies have been done, and two prototype calorimeters have been built and 
studied under test beam conditions. The documentation of costs has also been done in 
great detail. 

For STAR, the choice of a cast lead option would require building the barrel 
calorimeter in two segments longitudinally, and would potentially increase the cost of 
e.,.:: mechanical structure by -10%. The precise increase in cost is difficult to determine 
since the costs of the other options are not as well documented. Choice of a cast lead 
option also has potential consequences for the project schedule, since casting the lead 
absorber structure is a critical path item, subject to delays surrounding the casting 
procedure and the availability of multiple molds. 

One uncertainty in the optical design is related to the option of stacked lead with 
pressure on the scintillator. The current solution involves wrapping the scintillator with 
aluminized mylar and making the wrapping fUllction as a focusing element in coupling 
light to the waveshifter fibers. With pressure on the stack, the mylar might optically 
"wet" the surface and cause loss of light in an unpredictable manner. A study of the 
potential difficulties due to this effect has begun, as well as a search to identify other 
materials which would not wet the surface of the scintillator under these conditions. It 
has already been found that acid-free typing paper functions reasonably well in not 
wetting the surface and in protecting the scintillator at 100 psi . 

The type of waveshifter readout and the overall optical system will also be 
investigated. Several options for the waveshifter readout are under consideration. The 
favored option involves the coupling of a WLS fiber to both longitudinal edges of each 
scintillator tile. The fibers are 1 mm in diarneter, about 2.0 meters long, and aluminized 
on one end. Facilities for aluminizing the fiber ends must be found and the method 
improved. Ways to protect the aluminum coating from mechanical abrasion must also 
be found. Krylon spray has been suggested. The fiber material may be Bi(TOn BCF-91A, 
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which has the shifter dye K27 and is similar to the Kuraray fiber with Y7 shifter. Its 
effectively shifts the light from approximately 440 nm to 550 nm. It must also be 
determined whether the fibers must cover the full1ength of the edge of the scintillator 
or if partial coverage will give an adequate number of photoelectrons. If partial 
coverage would suffice, the fiber routing might be re-arranged to eliminate fiber 
crossings and reduce the gap between calorimeter wedges. In the present design, the 
routing of the fibers on the face of the calorimeter wedges requires 2 mm of space plus 
tolerance on each side of the calorimeter stack. This will require mapping the tile 
response for various fiber configurations. At the same time, the uniformity of tile 
response can be checked and correction masks developed if necessary. 

A related question is the attachment of the WLS fibers to the PMT readout 
devices. Careful design of the op:lcal coupling will facilitate future upgrades, making it 
possible to further segment the towers in both the 11 and longitudinal directions by 
running groups of fibers to different phototubes. A simple method is to glue the fibers 
initially to a light mixing cookie. For future upgrades, the fibers can then be cut off, and 
the ends resurfaced with razor blade trimming before gluing them onto another cookie. 
There will be 100800 fibers to resurface if this method is chosen. Another possibility 
which has been adopted in principal for SOC, i: to segment the cookies initially so that 
the segments from an entire tower fit onto one large (1.5") or several small (.75") 
phototubes. The mapping of the cookies can then be rearranged as necessary for 
subsequent applications. For this method however, the optimum segmentation must be 
known beforehand. 

R&D testing is also required for the multi-channel phototubes potentially used to 
read out the shower max detector. This method of readout is being contemplated as a 
possible means of reducing the cost, given the relatively large number (-30k) of 
channels required for this device. If these phototubes are shown to have low cross talk, 
and sufficient linearity, they might also be used in the main calorimeter to reduce the 
cost as well. 

Finally, as a means to study all the potential R&D issues associated with 
construction of the STAR EMC, a small lead-scintillator stack of full calorimeter depth 
will be built. This prototype will be constructed of typical materials including 
scintillator, aluminized mylar, and lead. It will be mounted in cantilevered position, and 
subjected to typical loads and accelerations. Additionally, it will be transported to an 
accelerator and tested for its response to low energy hadrons. It is thought this 
prototype can be constructed quickly and cheaply to give guidance before a cast lead 
SDC prototype module becomes available for additional testing. 

4.1.5. Engineering 

4.I.S.a. Technical Oescri}2!ion & Specifications 

The barrel EM calorimeter is a lead-scintillator sampling calorimeter. It is outside 
the superconducting solenoid coil and inside the iron flux return. It covers ±1.05 in 
rapidity and the full 21t in $. The inner radius is 2.53 nleters and the length is 6.87 
meters. It consists of 60 wedge segments of 6 degrees in <t> and is subdivided into 20 
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projective towers over the Tl range. The physical construction will allow easy upgrade to 
40 segments in 11 with the addition of twice as many photomultiplier tubes (PMTs). It 
can also be segmented in depth in an arbitrary way with the addition of more 
photomultiplier tubes. The scintillator tiles will be read out with waveshifting optical 
fibers which go to photomultiplier tubes. The tubes are on the outside of the iron flux 
return bars. There are 42 scintillator tiles per to\lver arranged in 21 layers. The total 
number of scintillator tiles is 50400. The present design includes 100800 optical fibers, 
two fibers per scintillator, and 1200 phototubes. There are 20 lead absorber plates pel' ~ 
wedge. Each wedge weighs 2.2 tons and is attached to a flux return bar which weighs 
5.5 tons. A shower maximum detector will be built into ea~h wedge at a depth of 5 "0. It 
consists of thin strips of scintillation plastic with optical waveshifter fibers going to the 
outside of the iron flux return bars" Th~re will be 28800 fibers. The shower max detector 
for each of the 1200 towers will be contained in a thin-walled box for the case of stacked 
lead plate construction. Multi-channel phototubes to readout the shower Inax detectors 
are being considered as an upgrade option. 

Another future option is an EM end cap calorinleter inside the iron pole piece. It 
would cover 1.05 S 111 I s 2.0. The desire to measure direct photons in this acceptance 
would require a shower max detector in the endcap calorimeter as well. 

4.I.S.b. Description of Major Components 

Lead Plate Mechanical Structure 

The absorber plates for the STAR EMC are continuous sheets of "calcium-tin" 
lead approximately 6.3 rneters long at the inner face of each "wedge". The absorber 
sheets at the outer face are 6.87 meters in length. This distance is shorter than that 
between iron pole pieces by -1.5 cm on each end to provide clearance for optical fibers 
from the shower max detector and the drive mechanism for the radioactive calibration 
sources. The present design uses 5 mm thick lead plates with 0.38 mm (.015") steel 
bonded on both surfaces. 

The present plan is to hold each wedge together by compression and friction. 
using a rigid faceplate and strong-back support. The inner face plate of each calorimeter 
wedge is 26.5 cm wide. Metal spacers of I-beam shape are located between the lead 
absorber plates at each scintillator tile boundary in order to avoid any pressure on the 
scintillator itself. Since the spacers are aligned along lines of constant 1'\, there are 
bending moments on the plates. The purpose of the bonded stainless steel is to prevent 
excessive bending which might lead to mechanical instabilities. The calorimeter wedges 
will be attached to the inside surface of the iron flux return bars. The stiffness of the bars 
may be required to prevent bending of the calorimeter structure. 

Optical Systeol 

The scintillator tiles are arranged in 21 layers in each tower. They are separated 
by pseudo-rapidity boundaries which are integer multiples of ~Tl = .0525 which is half 
the distance corresponding to the tower boundaries (tlll = .105). In the start .. up 
configuration, each pair of tiles within a given layer in a given tower will have the same 
readout PMT. The light output will also be sUlllmed over tiles at all depths in each 
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projective tower. T~e smallest tiles are about 266 mm in the '$ dir€!ction and 136 mm in 
the" direction. The largest are 285 mm in <t> and 220 mm in ". • I 

The favored option for optical readout is to use a waveshilfting fiber on each of 
the two " edges of each s.cintillator tile. The fibers are 1 mnl in diameter, -2.0 meters 
long, and al'e aluminized on one end. One method to couple the fnber to Lhe scintillator 
by wrapping them both tightly in alum.inized mylar has b~~en prototyped and has 
demonstl'ated uniform light collection. • ' 

The shower nlaximum detector is vvithin the EM calorim\et'er, located at -5 Xo. It 
consists of scintillator strips approximately 1 em in tt> by 36 cnll in 11. The strips are 
constructed from 1200 scintillator plates having approximate ciil'Hlensions of 27 cm in ~ 
by 28 .. 45 cm in 11. Each scintillator plate is fonned into 24 ShOWell' max strips by cutting 
partially through the scintillator. This technique minimizes handling of small parts and •. 
provides good alignment. 

i:.b,;.c. Initial Assetnb1y & Alignment 

The gap between adjacent ~ wedges of the calorimeter mCidules is -llnm and the 
tolerance is (+ 1 - 0) mm. The wedges are 6.87 meters long, and 8 tons in weight, 
including the weight of the iron flux return bar. The outside sUJ:'face is a thin aluminum 
covering which serves both to light tight the calorirneter sectors and protect the delicate 
fiber optics used for optical readout. The alignment of the wedges is provided by either 
the iron pole piece or the sides of the flux bars themselve!i~. ThE~ precise means of 
alignment is under study. 

During construction of the wedges, the shape and SiZ4l~ of e,lch wedge must be 
controlled to better than 1 mm tolerance. This can be accomplished. with a jig during 
stacking. The calorimeter wedges must also be aUgned with respect to th~ iron flux bars, 
both in the Tl and 4> directions. The flux bars provide the alignnlent of the calorimeter 
segments both with respect to each other and with respect to t.he rest of the detector. It is 
presently assumed that nothing else is supported by the flu.x bars, so that they can be 
relnoved one at a time for repairs or installation. Removal of the w1edges at the' bottom 
of the detector n'\ay require a special fixture due to constraints resulting fl'OlTl their 
proximity to the floor of the experimental hall. 

~J.5.d. Engineering' Testil1g 

Engineering testing is needed both to n'lake a technology choice' for the design for 
the lead plate structure and to evaluate a full scale verSiOf'lL of the design chosen. There 
are two basic options for the lead plate structure. These involve either casting the lead 
structure of a wedge as one piece or building it up of stacked plat(~s. 'There is a further 
choice withi.n. the stacked version of using spacers or alHawing t:he scintillator to be 
compressed. The version which is costed is quite siniilar to the ZEUS calorim.eter. In this 
version the pIa tes are separa ted by metal spacers and held in plac,e by compression on 
the entire stack. There is no mechanical pressure on the scintilla tor. To evaluate this 
option, tests will be required on the uniformity and flatness of the: plate dimensions in 
order to meet the stated tolerances between wedges. Thl~ cost of th(?' stacked lead option 
would be reduced if the use of spacers were not necessa.ry. HowevE~r, there are presently 
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several uncertainties in such a design. A major concern is that the amount of pressure 
which would damage the scintillator over an extended period is not well known. 

Another area which requires engineering testing is the design of the shower nlax 
support box. It will have to support ove.r 4.000 Ibs in each wedge, and mu.st be designed 
with as few inner structural members as possible. The inner stnlctures must also be as 
thin as possible to minimize dead areas in the detector. 

After a technology choice is Dlade for the mechanical structure of the calorimeter 
wedges, a full size wedge with active scintillator in a small fraction of the towers will be 
built. It will then be necessary to test this prototype for deflections a.nd the effect of 
deflections on light output for various orientations of the wedge. The module will then 
be shipped from the location where it was assembled to Bl\TL to check whether it is 
possible to maintain structural integrity under shipping conditions. In the instance that 
the stacked option is chosen the compression of the stack would be rechecked. 'The light 
output from the active towers would also be rechecked Wlder test beam conditions. The 
module would then be shipped back to the location where it was assembled, where a 
tlpost-mortem" would be performed. It would once again be checked for light output, 
and then disassembled to search for evidence of unanticipated mechanical stress . 

Finally, if the wedge modules are constructed at a site other than Brookhaven, 
several modules will be assembled into a portion of the barrel. This will test for possible 
tolerance problems or other wt{oreseen difficulties encountered with assembly of the 
full barrel calorimeter . 

!J.5.e. T'ran..mortation, Reassem"l2ly_& A1ignm~nt at RHIC 

It is likely that the calorimeter wedges will require the attachment of the iron flux 
return bars for structural stT~ngth. For this reas,on, it is anticipated that each will be 
shipped as a single unit, with the wedge structure either up or down. and the iron flux 
return ba.r held in a shipping fixture. TIle iron bars are - 7n\ lon.g. The bars weigh 5.5 
tons and the calorimeter "redges weigh 2.2 tons. The optical readout fibers will have to 
be prot:ected very well. This may require that the wedges have the fibers put into final 
position into the phototube cookies after shipment The phototubes will be shipped 
separately and then be re-attached. It is not k.nown at present where the wedges will be 
assenlbled . 

The wedges at the bottom of the barrel will be installed early ill the process of 
assembling the whole STAR detector. They will be the "floor" during installation of the 
nlagnet coil and TPC, and some protection will therefore be required. 

The installation of the calorimeter wedges will be a delicate operation. TIle outer 
faces ~rill have a thin aluI'ninum covering over delicate fiber optics. While final 
align.m.ent may depend on the placement of pins and bolts between the pole piece and 
the ba.rs, some additional structure v~'ill also be needed during inc;tallation. The options 
being considered are guides attac.:hed to the pole pieces or bearing plates attached to the 
sides of t.he flux bars . 
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4.1.6. Testing and Calibration Issues 

Iest 

Chapter 41 - Conceptual Design - EMC 

To understand the response of the STAR EMC in nucleus-nucleus collisions, it 
will be necessary to calibrate its response to low energy hadrons in a test beam. 
Although there are CERN data(6) down to 200 MeV which can serve as a guide, in 
general the response of sampling calorimeters to hadrons of this energy i.s not well 
studied. Further testing will be required to determine if the longitudinal profile of the 
ent'rgy deposition for low energy hadron..c; can be used to help discriminate between 
elec tromagnetic and hadronic energy in this range. 

Funding for construction of two STAR prototype calorimeter segments has been 
requested from RHIC R&D funds. These modules will consist of two wedges of two 
towers each, one near 11 = 0 and one near 11 =1.05. These will be used for studies of 
resolution, electromagnetic and hadronic response, response uniformity and the effects 
of boundary gaps. A single tower prototype will also be constructed on a shorter time 
scale to study these issues quickly, and indica,te where modifications to the calorimeter 
and to the shower tnax design may be in order. 

Calibration 

There are a number of stages to the calibration of the calorimeter. The first stage 
involves the m'aasurement of the' light output of scintillator tile assenlblies before 
installation into the lead mechanical structure using a radioactive source. In the next 
stage, these measurements are correlated with the corresponding response in a test 
beam. It is then necessary to map the calorimeter modules with the radioactive sources 
calibration system before installing them in the STAR detector. The last stage is 
maintenance of calibration over long time scales. 

The reconstruction of 1t0 and"O mesons can also be used to calibrate in situ. One 
difficulty with this technique however, is that there is a correlation between the 
systematic errol' associated with the opening angle as a function of momentum and the 
systematic error in the determination of the energy. A second method is to use electrons 
from J /'V events measured in the TPC to calibrate the EM calorimeter. In this case, the 
systernatics depend on the position and momentum resolution in the TPC. The accuracy 
which can be obtained also depends on the rate of J/'o/ production. Other processes will 
be considered. 

A green LED system w'ill be incorporated into the calorimeter for long term 
relative monitoring of PMT's. It is also possible that a separate similar system of blue 
LEDs' may be used to check the optical fibers. A sirnilar green system was built for CDF, 
and a prototype for a blue system already exists. 

The only non .. physics-event means of monitoring the scintillator itself appears to 
be the injection of UV laser light into the scintillator. This may be necessary in the event 
the stacked lead option without spacers is chosen in which case there is mechanical 
pressure on the scintillator. The bend radius necessary for quartz fibers to transmit the 
UV may however be so Jarge as to preclude theUV option. 
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4.J. Time-of-Flight Detector 

A number of the physics goals of STAR require particle identification for a large 
fraction of the particles emitted from central collisions. In order to accomplish these 
goals, the dEl dx capabilities of the TPC and SVT will be complemented by a 
comprehensive Time of Flight (TOF) system. The system must measure the flight time 
of as many charged particles as possible in the central region of the STAR detector with 
a timing resolution of at least 100 picoseconds. This requires a highly segmented 
cylindrical counter outside of the TPC having a 2 m inner radius and 4.2 m length and 
able to operate in a 5 kG magnetic field. 

The design developed to satisfy the STAR requirements is the "shingle" design, 
conrsisting of tiling the cylinder with 7776 single ended scintillators arranged in 216 
trays of 36 scintillatO'rs each. Each tray is 2.25 meters long and 11.8 em wide. Individual 
trays can be inserted from one end of the magnet. The required rails a.re mounted and 
supported on the TPC outer field cage. 

Because of budget constraints this detector will be installed only when additional 
funds becolne available for the experiment. A first stage of the construction will consist 
of 300 shingles to cover the intervals 111 is; 1 and LlCP = 130 for inclusive measurements of 
identified particles up to high transverse momenta. The integration of the TOP detector 
will be designed now, R&D efforts will continue, and its support structure will be 
implemented prior to start-up of the experiment. This structure will also support the 
central trigger scintillator barrel. 

4.J.1 Specialized Physics Issues 

Particle identification over the full phase space accessible to momentum 
measurements by the STAR detector is essential to meet the full physics goals of STAR. 
Full pseudorapidity coverage within 1111 <1 and full cp coverage ensure that the number 
of identified particles is maximum, that the events can be characterized by particle 
ratios and that particle number fluctuations can be studied in three dimensions. PID 
coverage up to high transverse momentum is necessary for complete spectra and 
precision measurements of mean momenta for all particle species (x,K,p) and their 
respective ratios. The dEl dx measurements in the TPC separat:e x-K up to 0.65 GeV Ie 
and K-p up to 1 Ge V I c (see chapter 4.C.3). The TOP detector will double the range of x
K and K .. p separation capabilities by moving the upper threshold to 1.3 and 2.4 GeV Ie 
respectively, as can be seen in Fig. 4}-1 . 

4.J.2 Description of Subsystem 

Introduction 

The design developed for the TOF system is the shingle design, which consists of 
tiling the cylindrical outer field cage of the 'fPC with 7716 single ended scintillators 
arranged in 216 trays (108 in +z ; 108 in -z direction). Figure 4J-2 shows a cross sectional 
view of 108 trays arranged outside the TPC at a radius of 205 em. Each tray positions 
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Figure 4J-1 A plot of the difference in time of flight from f3 = 1 for 1r, K, and p at 17 = 0.0. For a 
time resolution 0/100 PS, the 30'band on the kaon time offlight intersects the nand p lines at the 
P ID limits quoted in the text. 

and supports 36 scintillators and covers -3.3° in <p as shown in Fig. 4J-3. A tray is 11.8 
em wide and 2.25 meters long. The trays are individually inserted onto the rails 
mounted on the outside surface of the TPC. The reference timing signal is obtained 
either from the vertex position trigger detectors or by Ineans of the self-consistent 
deterIrunation of the shortest arrival time. 

222.00CM 

21O.06cM 

Figure 4/-2 A drawing of the 108 trays that u)ill house the TOF shingle counters covering one 
half of the TPC. 
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227.00CM r .L--------.----- -----~------------

QUAD MODULE ASSY 

l205.00CM O.07CM 

Figure 4J~3 A cross section of the TOF shingle counters and trays. 

FabricationJ Assemblx-and Installation 

Each shingle counter consists of a "1 inch diameter 15 stage R3432-01 Hamamatsu 
proximity mesh dynode phototube optically coupled to a scintillator with a plexiglas 
light guide. The scintillator is Bicron BC404 with dimensions 1.5 em x 2.6 em x 23.5 em 
with diamond cut edges. A light guide provides a transition from the 1.6 em diameter 
active area of the photohlbe to the 2.6 em x 1.5 em area of the scintillator. 'The light 
guides are machined from acrylic sheets with all machined edges flame polished. 
(':,aJibration fibers for time and amplitude calibration with laser pulses are glued to the 
scintillators. Each counter is wrapped in aluminized mylar and enclosed in a molded 
light-tight bag. The gain will be measured as a function of voltage under standardized 
conditions and documented for each counter. Then the 36 shingle counters are mounted 
four abreast in a tray. 

The module tray parts are fabricated out of extruded plastic. These are 
considered expendable items during repairs. TIterefore a larger number than is required 
for the complete system will be fabricated at the outset in order to provide for ample 
spares. Each group of four shingle counters will be supported inside the tray by a 
molded foam wedge or block and secured by two extruded plastic restraint struts. 
Retainers will be used to hold the tubes in position. The preliminary engineering 
drawing for a shingle counter assembly is sho'wn in Fig. 4J-4 . 

The ntechanical support system will consist of 108 aluminum rails bolted to the 
TPC outer frame. Each module tray containing 36 shingle counters will be inserted into 
the slots formed by the support rails. Trays will be inserted from each end of the STAR 
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Figure 4J-4 An engineering drawing of a shin.gle counter assembly. 

detector. Power and signal cables, calibration fibers and cooling support will be run 
inside the module trays. An assembly unit will be used to support a loaded tray module • 
while it is being inserted into the STAR detector. 

TOF Front End Electronics 

The front end electronics consists of two subsystems: the active high voltage 
(HV) divider and monitoring system in the phototube bases and the TC)F signal path 
that consists of discriminators, cables and TOes. The 7776 phototubes will have dc-de 
converters built into the tube bases that will set and regulate the HV with appropriate 
divide ratios under remote digital control. This includes readout of the HV. An R&D 
effort is underway to find the optimum discrimination method to extract the TOF 
information. It is expected that this rnethod can be implemented locally in the 
phototube bases. The "shingles" will require only a single time measurement for each 
beam crossing. 

Fabrication Concepts: 

The HV system with control and monitoring will be developed from a model in 
use at LANL. If it proves possible for optimuln timing the discriminator will also be 
included in the tube bases. The me system with multiple buffering will be housed in a 
standard bus structure such as FASTBUS or VME. 

Iming and Costing 

The HV and discriminator electronics housed in the tube bases will be 
extensively cycled and tested using Automatic Test Equipment (ATE) nlethods. The 
costing is based on a similar system now in use. A buffered TDe system is under 

4J-4 

• 

• 

• 

• 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

STAR Conceptual Design Report Chapter 4J - Conceptual Design - TOP 

development at Neologic1• When developed it will be highly integrated and should fall 
within cost level of currently commercially available TOe systems. 

Maintenance and Servicins . 

Once the TOF system is debugged and operational, minimal maintenance and 
upkeep is envisioned. During regularly scheduled maintenance periods, it would be a 
simple operation to replace defective counters. Such maintenance may not require a 
major disassembly of the system and will not have a significant imp.act on other 
detector elements. 

4.J.3 Capa.bilities of Subsystem 

Extensive Monte Carlo simulations have been conducted to study the 
performance of a de-scoped TOF system.2 TIle simulated configuration consists of 
16+16=32 trays with shingle counters, which covers approximately 53 degrees in phi. 
Ten FRITIOF 200 GeV / c/ A Au+Au events were used as input to GEANT 3.14. The 
program tallies the primary tracks that make it to the TOF; this provides a direct 
measure of the effective coverage. The known properties of the scintillatorsweI'e used 
in sim ula ting the response of the shingles (Bieron BC404). The response was 
parameterized in terms of the particle's beta and path length in the scintillator. The 
resultant light was transported to the phototube assuming a delay time of 75 ps/cm. 
The light attenuation for a given scintillator was calculated from the bulk attenuation 
length divided by the cosine of the critical angle. A 20% photocathode efficiency was 
used. A threshold of 100 photoelectrons was required for a light pulse to produce a 
signal in the PMT. The time spread of the hit was modeled by throwing a Gaussian 
distribution with a sigma given by a(ps)=a-JL where L is the distance in em from the hit 
to the PMT and a is an empirically determined constant equal to 20 for the BC404 
shingles. This value and the value for the delay time were determined experimentally.3 
Figure 4J .. 5 shows the distribution of the average time resolution. Its sigma is 64 ps . 

The distribution of the number of tracks and hits in the shingles averaged over 10 
events is shown in Table 4J-1 for both primary and secondary tracks. The data presented 
in Table 4J-1 are for the deseoped TOF configuration in which two back to back 
segments of 16 trays each cover I Ttl ~ 1 and a total of 530 in $. Note that the number of 
hits is typically larger than the number of tracks, since a track can go through more than 
one scintillator. Figure 4J-6 shows the hit multiplicity in the shingles for a typical event. 

,-------
1 Neologic, Inc., Beverly, Mass . 
2 S. Ahmad, et aI., Use of Time of Flight Detectors in the Trigger, STAR NOTE #52, 1992. 
3 S. Ahmad, et aL, Tests of Proximity Mesh Dynode Tubes and Evaluation of Shingle Counters, STAR 
NOTE #50,1992. 
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Figure 4/-5 The time resolution found in sirnulation for the 1.5 em x 2.6 ern x 23.5 em shingle 
counter geometry. 

Figure 4J-7a shows the typical Pt distribution of all prirnary pions which hit the 
shingles, and in Fig. 4J-7b we see the Pt distribution of the primary pions which have 
been correctly identified. The cross-hatched entries represent the primary pions which 
were not found. The pion reconstructed mass is shown in Fig. 4J·8. The reconstruction 
efficiencies for primary pions, kaons and protons are shown in Table 4J ... 2, averaged 
over the 10 events. One should note that the efficiencies were calculated using a lower 
limit of 0.2 GeV Ie rath~r than 0.3 GeV Ie which is the effective momentum cutoff for a 
O'\agnetic field of .5 Tesla. 

Table 4/-1 Averclge Hit and Track 
MuUiplicities in tlte Shingles for the 
Descoped TOF Configuration. -Total hits delivered 414 
Total tracks 326 
Secondary tracks 201 
Primary tracks 125 -
Primari: Eion tracks 110 

Primary kaon tracks 8 
Primary proton trac.~s 7 
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Figure 4J-6 The distribution of hit multiplicity in a TOF shingle counter resulting from a 
central AuAu FRITIOF event at -{inn = 200 GeV. 
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Figure 4J-7 The pion Pt distribution for (a) all primary pions, that struck the shingle counters 
and (b) those that were correctly identified in the shingle counters. The shaded entries represent 
particles that UJere not found. 
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Pion recont'ruc:ted moe •• tiling ... 

Figure 4J-8 Reconstruction of the pion mass using particle momentum and velocity information 
from the TOF shingle counters. 

Table 4J-2 Average reconstruction 
efficiencies for primary particles for the 
des coped TOF configuration. 

Particle Shingles 

Pions 93% 
Kaons 88% 
Protons 90% 

4.J.4 R&D Issues and Technology Choices 

The foremost R&D issue facing the TOF subsystem is to verify the performance 
of the proposed baseline design. This includes the phototube and counter for the shingle 
design. 

Photomultiplier Tube Choice and Evaluation 

It is now a technical reality to be able to place the TOF phototubes directly in the 
5 kG field used for STAR. This was made possible by the advent of a new phototube 
design, the mesh dynode tube/l ,5 A further advance in the development of this tube 

4 S. Suzuki, et al., IEEE Trans. on Nucl. Sci. Vol. 33, No.1, 1986, p. 371. 
5 G. Finset, et aI., NIM A290 (1990) 450-466. 
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design was to place the dynodes close to the photocathode to reduce the transit time 
spread ('ITS). This has resulted in a magnetic field insensitive rube with a single electron 
1TS of 100 to 150 PSI Four such tubes, Hammamatsu R3432 .. 01, have beenevaluatedo 
These are 15 stage .. one inch diameter tubes, with an active area of 2 cm2• Tube bases 
supplied by Halnmamatsu were used. These bases used a standard linear dynode 
resistor string. No attempt was made to optimize the performance of the bases. The 
anode output was fed into a 50 ohm splitter to provide signals for the discriminator and 
ADC. At 2000 V the one MlP signal was approximately 900 m V before the splitter. 

A series of tests of the shingle geometry using the R3432· phototube at zero field 
on BC408 and BC420 scintillators were done with 300 MeV Ic 1t- beams at TRlUMF. 
Timing was done with leading edge and constant fraction discriminators. The results, 
corrected for time walk, are given in Table 4J-3. 

For the data presented, the beam traversed the length shown first in the cross 
section column. X is the distance from the beam spot to the phototube. C1 gives the 
results. LE means leading edge timing (Phillips 708) with pulse height corrections. CPO 
means constant fraction timing (Phillips 715). 

The results of the test measurements are summarized in Fig. 4J-9 for BC408 and 
Fig. 4J-l0 for BC420. From these figures we can estimate the behavior of the proposed 
2.6 em x 1.5 ern x 23 em shingle counters. The worst resolution, at L = 23 em, is 87 ps for 
BC420 and 103 ps for BC408. Near the photo tube the rms 0' is - 50 PSI These results have 
been corrected for the contribution to the resolution from the start detector. 

The transit time of the pulse is shown in Figs. 4J-l1 and 4J-12. The time is given 
by a linear relation to the length with constants of 74.7 ps/cm for BC408 and 80.2 ps/cm 
for BC420. The time delay for light in material with index of refraction 1.58 is 53 ps/cm 
for straight travel and 83 psi cm for rays traveling at the critical angle. Clearly the latter 
was more nearly the case for our tests. This suggests that by optimizing the gain of the 
phototube to efficiently detect the light traveling in a straight line, it may be possible to 
achieve further improvement in the resolution, if the number of photons traveling in a 
straight line is sufficient. 

Finally, in Figs. 4J-13 and 4J-14, we show the spread of the individual 
measurements around the transit time fit in Figs. 4J-11 and 4J-12. It should be noted that 
the worst deviation of 42 ps for BC420 represents a beam position error of only 0.5 cm. 
This is consistent with the uncertainty in the alignment of the detector. The worst case 
for BC40B is due to low pulse height. The difference between the results for pathlengths 
of 3 cm and 1.5 em is due to slewing, which is at most a correction of 125 ps for the 
25 en\ data . 

4J-9 
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Table 4/-3 Timing results. 

Type Cross Section X(cm) a(ps) DISC 
(em) 

BC408 1.5x3.0 5 85 LE 
1.5x3.0 25 113 LE 

BC420 1.5 x 3.0 5 55 LE 
1.5x 3.0 10 75 LE 
1.5 x 3.0 25 100 LE 
1.5 x 3.0 25 123 CPO 

Be 408 + R3432 • 
200 ' , I ' , , , I ' , • , r......-v-'Y 

)( 3.0 x 1.6 

150 • o 1.~ x 3.0 
o 1.6 x 1.5 

t .. - 19 pa 

~ 100 • 
~ 0 

60 

0 
0 2 .. «I 8 10 • SQRT(Lw/ft'reo2) 

Figure 4J-9 The time resolution measured as a function of position using the Hamamatsu R3432 
nlesh dynode tube and BC40B scintillation counters of varying geometry. The abscissa, 
VLw/n r2, 'i~ related lineatly to the resolution predicted empirically by the constant 'a', which is • 
dependent on the phot'oelectron density per unit time characterizing the leading edge of the 
photon pulse. In this instance L is the distance from the beam to the photomultiplier, w is the 
width of the scintillator through which the beam passes, and r is the radius of the photocathode. 
A linear fit to the experimental data yields a value of 'a' of 19 pSt 
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Figure 4J-10 A~ in 4J-9, but plotted for the BC420 and R343~\! combination. A linear fit to the 
dat:a yields a value for the constant 'a' of 16 pSt 
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Figure 4/ ... 11 Transit time of light through 
BC408. 
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Figure 4/ ... 12 TraJrlsit time of light through 
BC420 . 
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Figure 4J-13 The deviation of the data 
points from the fit of t'ransit time vs. 
position for BC408 in Fig. 4J-11. 

~Qllclusions and Further Tests 

Chapter 4J - Conceptual Design - TOF 
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Figure 4J-14 The detJiation of the data 
points from the fit of transit time 'os. 
position for BC402 in Fig. 4J-12. 

We have' evaluated the scintiliator perforxnance for BC408 and BC420 u.sing the 

• 

• 

• 

• 

• 

R3432 proxinlity mesh dynode photonlultiplier at zero field. Very good results were • 
obtained. A slew corrected resolution of better than 100 ps seents feasible'. Price quotes 
from BICRON indicate the BC404, which is faster than BC408, is actually cheaper. Price 
quotes from PolyCast indicate that acrylic based scintillators will be much cheaper, as 
little as one forth the cost of BC408. Salnples of these hvo scintillators have been 
obtained for evaluation. Tests in a 5 kG field are also planned. From the literature,6 the • 
field is n.ot expected to degrade the time resolution by more than 20%. 
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4.K. External Time Projection Chambers 

4.K.1. Specialized Physics Issues 

Chapter 4K - Conceptual Design .. XTPC 

!,...K.l.a. Enhan~d Particle Production in the Forward Region~ 

Nucleus-nucleus collisions at RHIC are exp(~cted to produce baryon-rich matter 
near beam rapidity and baryon-free matter at midrapidity. While the latter is the more 
interesting case for the study of the transition between hadronic matter and the QGP, 
understanding the transfer of energy from beam rapidity to nlidrapidity is essential for 
understanding the later development of the collision. Energy transfer can be studied by 
following the fate of the baryons brought into the collision, in particular by measuring 
the net baryon number at intermediate rapidities. If the baryon number flow can be 
determined on an event-by-event basis, events can be tagged by the energy deposi.tion 
at midrapidity and other observables can then be studied for unusual behavior. Simpler 
measures of the state of matter at intermediate rapidities are also very useful for taggin.g 
unusual events. Because the matter radiating at midrapidity and intermediate rapidity 
(11=3-5) are causally disconnected, the entropy densities (proportional to dN Id,,) at 
midrapidity and intermediate rapidity can be compared in order to label events with 
unusually high entropy generation at central rapidity, corresponding to a first order 
phase transition. 

The external time projection chambers (XTPCs) extend the kinematic range 
covered by the STAR spectrolneter. The central TPC covers the pseudorapidity (11) 
range fron\ +2 to -2 into which about 50% of the charged primary particle distribution 
from central gold on gold events is elnitted. The XTPCs increase the covered range to at 
least 11 from +4.0 to -4.0 with complete and uniform azimuthal (cp) coverage; an 
additional 40% of the charged primary particles are emitted into this range. The XTPCs 
therefore give STAR almost complete event characterization (see Fig. 4K-l). Note that 
the utilization of radial TPCs that are currently under development could extend the 
covered range as high as 1111 = 6.0, \vhich \vould give a total of 99% coverage of the 
production cross-section. The coverage of the central TPC extends across the Tl region 
where dN / dll is approximately constant. The additional coverage provided by the 
XTPCs at high 11 extends into the regions where the particle production is expected to be 
falling off rapidly as a function of increasing 11. In these regions, the dN I dl1 
distributions are qualitatively different in the two detection systems. The coverage 
added by the XTPCs allows an accurate measurerrlent of the width of the region of 
maximum dN/dTl, allows an accurate determination of where the production fall-off 
occurs, and enhances the ability to resolve regions of anolnalously high particle 
production. These regions of anomalously high particle production are expected to be 
associated with the decay of a quark gluon plasma bubble. As the plasma is 
transformed into normal nuclear matter,large numbers of particles should be produced 
in the rest frame of the bubble. If a bubble of plasm.a were to be moving in the 
laboratory frame, its products would be focused into small region of" space. These 
regions can be identified through analyses of the dN / dl1, the dN / dt;p, and the two
dimensional intermittency. 

4K-l 
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Figure 4K-l dN/dl1 distributions: a) primary particles, b) particles identified in the external 
TPCs, c) particles that would be detected in a radial TPC. 

4.K.1.b. The Fate of the Proj.ectile Remnants 

FRITIOF simulations suggest that the projectile nucleons fronl central collisions 
should be distributed at 111 I from 3.5 to 6.5. Coverage in these regions would permit 
studies of the nuclear stopping and of possible collective effects in the spectator ma.tter. 
These studies would be pursued through an analysis of the differences in the 
distributions of positively charged and negatively charged particles (plus ... minus) as a 
function of '11 (see Fig. 4K ... 2). Additionally the <p distribution could be studied to search 
for evidence of collective effects. There should be an excess of the positively charged 
particle distribution due to the proton.s from the projectiles. The distribution of the 
excess positive charge could be studied on an event-by-event basis and correlated with 
the particle distributions at nlid-rapidity. 

4.K.2. Description of Subsystem 

4.K.2.ih.Specifications_Required.!9 Achieve Ph.~jcs Goals 

In order to determine the primary particle distribution, it is necessary to be able 
both to detect all particles and to reject those which are the result of secondary 
interactions. The FRITIOF and GEANT simulations predict that in the forward regions, 
second.ary particles constitute a large part of the total charged particle flux. These 
secondary particles are the result of interactions in the materials of the beam pipe, the 
silicon vertex tracker, and the central TPC, and from the decay of short lived particles. 
Detection of all particles requires good two-track separation at high '11 where the particle 
densities are the highest. The ability of the detector system to resolve t\\'O close tracks i~ 
determined by the precision of the device and the diffusion of the signal from each 
track. 

Rejection of tracks fro.m secondary interaction products requires that tracking 
chambers, rather than detectors tha~· ~jmply measure the particle flux, be e:rftployed, so 
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Figure 4K-2 The difference between the distribution of positive charges and the distribution of 
negative charges as a function of 1111. a) Primary distribution from FRlTIOF, b) Signal 
detected in the external TPCs, c) Signal that would be seen in a radial TPC. 

that the point of closest approach to the interaction vertex can be determined. Tracks 
that are a result of particles created in secondary interaction with materials that make 
up the detector apparatus will not originate from the interaction vertex, therefore, a cut 
on the point of closest approach "\Till allow a rejection of most of these secondaries. For 
an XTPC at z = 7 m, an angular resolution of 0.6 degrees is needed to distinguish 
particles from the primary vertex from those which originated in the beam pipe, which 
is only 5 em away. 

In order to undertake an analysis of the residual baryonic matter it is necessary to 
identify the charge of the particle that created each track in the active region of the 
detector. This is done by determining whether the magnetic field bent a given track to 
either the left or the right. For the very rigid tracks that are left by the rernnants of the 
projectiles this bending is extremely slight. In order to determine the charge of a proton 
with a momentum of 20 GeV Ic, an angular resolution of 0.1 degrees would be needed 
(see Fig. 4K .. 3). 

A measurement of the amount of bending that a given particle experiences 
allows one to determine the momentum of that particle. The charge identification is a 
crude momentum measurement, however, it requires a resolution of only 50%. With 0 .. 1 
degree resolution, which is the best attainable with the current detector design, the 
momentum could be detennined to 10% for tracks of momentum less than 3 GeV Ie. 
The resolution rapidly deteriorates for higher momenta. 

The angular requirements for secondary rejection, charge identification, and 
mornentum measurenlent will determine the necessary spatial resolution and. detector 
depth. The key parameters for any detector systems in the high" region would be the 
two-track separation and the angular resolution. 

4K-3 
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o¢ 
Figure 4K .. 3 A histogram of the change in tfJ angle from the front to the back of the external TPC. 
This is a measure of the degree of deflection in the magnetic field for tracks that originate from 
the primary vertex. 

4.K.2.b. Detector Description 

The baseline design of the high 11 tracking chambers would 'Use a total of 4 
rectangular TPCs on each side of the interaction. The TPCs would be situated 7 m from 
the intersection region and would be arranged as shown in Fig. 4K-4. TPCs have been 
chosen for this region because they provide tracking, which is necessary for both 
secondary track rejection and charge identification. The drift direction is perpendicular 
to the beam axis and is indicated by the arrows on the figure. By employing drift 
perpendicular to the beam axis, the analog storage capabilities of a TI"'C are optimized 
allowing for a minimum in the required number of channels of electronics. 
Perpendicular drift does, however, require that the TPCs be situated external to the 
solenoidal magnetic field in a region where the fringe fields will not significantly distort 
the drifting of the ionization to the pad plane. The position of the XTPCs at 7 meters 
from the interaction region was a compromise between cost and performance. The 
electronics would be similar to that used in the r.entral TPC. However, since there will 
be no effort to identify particles through dE/dx a high gas gain could be used to reduce 
the effect of noise. This Illay allow the cost of the electronics to be reduced. Note that it 
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Figure 4K-4 A schernatic diaQram of the cnnfi<ruration oJ' the external TPCs. 
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is necessary to record the pulse height as a function of time for good spatial resolution 
and two-track separation. The current design has readout via cathode pads, each 0.5 em 
wide in the ~ direction. There are approximately 22K readout channels arranged in 8 
pad rows. The expected track density varies from O.Ol/cm2 at 11=2.0 to O.lO/cm2 at 
11=4.0 if the chambers are located 7 m from the intersection. 

4.K.3. Capabilities of Subsystem 

The capabilities of the XTPCs have been studied using FRITIOF and GEANT 
simulations for ""Snn = 200 GeV Au + Au central events.1 As the XTPCs are situated in a 
field free region, the tracks are all nearly straight line trajectories from the point that the 
particles leave the magnetic field. Vectoring to reject secondaries is extreInely 
important; of an estinlated 4200 particles in the XTPCs, 2200 are from the primary 
vertex, 1500 are the result of interactions with the beam pipe, SVT, central1'PC, or other 
associated equipment, and 500 are from decays of short-lived particle species. Figure 
4K-5 displays a scatter plot of primary and secondary tracks in a" and act> space. A 
cursory analysis reveals that the primaries tena to be stiff and display little deflection 
while the secondaries which do not originate from the region of the target display 
significant apparent deflection. 

A more sophisticated analysis employs a road finder pattern recognition routine 
to reconstruct tracks from space points. This routine is able to reconstruct 930/0 of the 
primary tracks and 78% of the secondary tracks that hit the XTPCs. The tracks that are 
not reconstructed are all low momentum particles that hit the detector at a shallo\\' 
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Figure 4K-5 Vectoring in the external TPCs is naturally done in 7]-l/> coordinants. A stiff 
primary track will show little deflection while secondaries will scatter across a wide range. 

---._._----
1 I. Stancu, submitted as STAR Notp. 
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angle and do not penetrate to the planes furthest back. Of the secondary tracks that are 
reconstructed, 65% are correctly identified as being not associated with the prinlary 
vertex. The remaining 35% are associated with decays of short lived particles. The 
charge identification is correct 99% of the tiu\e. The momentum reconstruction is 
accurate to 10% only for primary particles of less than 3 GeV /e, which does not 
constitute a large fraction of the cross-section at high 11. The track density gets too high 
for the present cluster finding and tracking algorithms at the inner edges of the detector 
( I" I >4.2). However, it may be possible to extend coverage to higher 11 through use of 
more sophisticated tracking routines such as U":.e elastic tracking techniques proposed by 
M. Gyulassy. This technique does not ernploy cluster finding, which is the algorithm 
primarily responsible for merging close hits. 

For the XTPCs as currently proposed, the drift distance will be 2.2 meters. Using 
a cool gas with a slow drift tiIne (2 cm/lls) will reduce diffusion and improve both 
position resolution and two-track separation. The overall drift time for these XTPCs 
would be 110 f.ls. For a beam luminosity of 2x1026 one expects 1000 events per second, of 
which 10% would be naively considered central. This will result in the superposition of 
two events within the ~rift volume in 23% of the triggers. This superposition means that 
tracks from a non-triggering event were created in the active region of the XTI)C from 
interactions that occurred within the window from 110 Ils before the trigger to 110 Jls 
after the trigger. However, tracks from events that occur more than 2.5 J.lS before or after 
the trigger event will not track back to the primary vertex and will thus be rejected just 
as secondary tracks are rejected. The 2.5 J..ls cut comes because a track that was caused 
by a particle which was created during an interaction rnore than 2.5 Jls before or after 
the triggering interaction will appear to be displaced by at least 5 cm and \\Vill therefore 
fail the vertex cut. Therefore, less than 1 % of triggers events will be contaminated with 
tracks from overlap events that can not be effectively removed. The trigger system will 
be able to reject any interactions that occurred outside of the selected beam crossing 
(±110 ns) which will reduce the potential event pileup to 0.1%. These events will have to 
be discarded for high 11 analyses. Thus, we conclude that the XTPCs will be able to 
operate without difficulty at the design luminosity of RHIC. 

4.K.4. R&D Issues and Technology Choices 

4.KA.a. GaS Selection and P~riQ!lDjl..ru:e Optimiz.d1:iQn 

The XlPCs attenlpt to extend into a region of extreme particle density, thus the 
two-track separation is a key parameter in the final design. Use of a slow cool gas 
mixtures such as Argon-Iso-Methylal or Argon-Iso-C02 will minimize the diffusion of 
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the electron cloud and thus provide the best two-track separation, however, a much • 
higher drift potential is needed to reach saturation velocity. Studies are currently 
underway using a test volume at Munich to measure the diffusion and drift velocity for 
several gas mixtures as a function of the drift potential. At LBL, studies are underway to 
determine the ability to stabilize the drift velocity using feedback circuity. This could 
allow operation below saturation velocity. These choices will then drive the • ~ 
specifications for the electronics for the XTPCs. The shaping time should be matched to 
the maximum diffusion. width of an ionization cloud, and the sampling frequency 
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should be high enough to acquire multiple measurements for all peaks in the time 
spectrum (the sampling frequency must also be an integral fraction of the accelerator 
frequency). These decisions will be made by the end of 1992. 

~.K.4.b. Radial Time PrQjection Chamhm 

4.K.4.b.l Justification 

FRITIOF simulations predict the particle distribution for central Au+Au 
collisions at RHIC. From the predicted dN/dll distribution we can estimate dN/dA as a 
function of z and e for small 9; dN/dA (hits/cm2)= (dN/dll)/21tz2e2• Figure 4K-6 plots 
the hit density vs. (8, 11, and ri) for z=7 m. The two-track density at high T1 tends to limit 
the range that can be effectively covered by conventional TPC technology, which can 
not effectively operate where track densities are above 0.1 per cm2• Unfortunately this 
limit occurs at 1111 =4.0 which is on. the lower end of the region in which the projectiles 
protons would be found (refer back to Fig. 4K-2). In order to handle this high hit density 
region, a different kind of TPC in which the drift field is radial, is being considered. 
Radial drift leads to smaller effective pixel sizes at the smaller radii which is where the 
highest hit densities and stiffest tracks would be. This addresses the key design 
parameters for any detector in the high 11 region; it achieves better two-track separation 
and spatial resolution the smaller the radii. The design also has the advantage of true 
azimuthal symmetry. The designs for radial TPCs envision complete detector barrels so 
that there are no edge effects. This reduces the effect of the magnetic field distortions 
and lost active area and allows the detectors to operate closer to the return yoke of the 
main solenoid. As this is a novel technology a certain amount of development work is in 
progress to verify that detectors of this sort will work as expected. 

4.K.4.b.2 Diffusion 

To demonstrate the advantage of a radial drift TPC consider the direction of drift 
and the diffusion of the ionization cloud. If the diffusion parameter a in the <p direction 
is constant then the width (standard deviation) of the electron cloud would be:2 

(4K-l) 

for a radial drift TPC with a negligible size of electron cloud. at the initial radius ri 
drifting radially outward to a collection radius R. We use cylindrical coordinates (r, q" 
z). For a rectangular TPC, Eq. 4K-l applies, but without the factor of v(R/ri). In the 
actual case, the diffusion parameter varies with the electric field. strength E 
(proportional to l/r). Then w~ can be calculated numerically by iterating 

(4K-2) 

4K-7 
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Figure 4K-6.Hit flux densities for the external TPCs as a function 0/1], 8, and rD. 

varying with r, and 0 = (rj+ 1 - rj) = const. When 0' is constant, Eq. 4K-2 gives Eq. 4K-l. 
Figure 4K-7 shows a comparison of the calculated results for Eq. 4K ... 2 for a argon-iso
dimethoxy mixture (80% Ar, 15% isobutane, 5% MethylaI). The dots in the figure are Eq. 
4K-2 for this mixture, and the curve is f01" Eq. 4K-1. An exact analytical solution to Eq. 
4K .. 2 is:3 

wcjI(r) = r (J~i (a(r)/r)2 dr y2 (4K-3) 

3 P. Brady and J. Romero, STAR Note #64. 
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Figure 4K-7 Azimuthal width of an ionization Cloud as a function of point of origin. 

which agrees with Eq. 4K-2. Diffusion of the ionization cloud in the z and r directions 
exhibi ts no expected difference between the radial and conventional geometries. 
Equation 4K-l without the factor of "'(R/ri) is then applicable, with the appropriate 
parameter 0' for the directions in question. 

Now consider two closely spaced clouds of initial ionization originating from 
two tracks which we wish to resolve. A Monte Carlo has been written to simulate 
diffusion and drift in a radial TPC4. Figure 4K-8 illustrates the effect of diffusion and 
drift on the ionization clouds created by particles which hit a detector with a 1 em 
separation. The figure displays the separation of the ionization clouds after 35 C.lll of 
drift and compares the effectiveness of a radial ... drift TPC to that of a conventional 
design. The advantage of the radial drift design relative to a conventional geOD\etry is 
that the track separation grows as r /ri while the cloud width grows only as "(r /ri). A 
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Figure 4K-8 Results of a Monte Carlo simulation to demonstrate the spreading of the ionization 
clouds in a conventional and radial TPC . 
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figure of merit (FOM) is the separation of the clouds at the collection radius R (after 
drift) divided by the width of each cloud at collection. This FOM is illustrated in Fig. 
4K-9 for both the radial and cOllventional design. For comparison, consider M, defined 
as the ratio of the FOM for the radial-drift TPC to that of a rectangular TPC. From Eq. 
4K-l, a good approximation isM = v<R/ri) for the cp direction. This demonsttates the 
clear advantage for' the radial-drift TPC for the highest" (smallest ri) region. 
Furthermore, the advantage increases as the ,ratio of R/ri increases. For example, for l'i = 
12.5 cm and R = 48 cm (the dimensions of the test radial-drift TPC now under 
construction), then M =2, which corresponds to a two-fold advantage for the radial TPC 
in resolving power. 

4.K.4.h.3 Nonlinearity of Time vs Radius 

It is not feasible to operate a radial-drift TPC with an electtic field of uniform 
strength a.s a function of radius. The strength of the field is E = (Vol r) 
[In(RinnerlRouter)r1. This l/r electric field makes the drift velocity vary with radius, so 
the collection time is not linear with the drift distance (R-ri). Figure 4K-IO displays the 
drift velocity as a function of radius for the prototype radial TPC for two different 
biasing options. An attempt has been Inade to have the electric field straddle the 
saturation potential. The effe·ct of this non-linear drift velocity has been calculated by 
integrating the velocity at each step in r along the drift length of the ionization and 
thereby calculating the collection time Ti for each fi. !'he values of Ti VS. rj were least 
square fitted to a straight line. The differences between each fi and the radius extract 
from comparing Ti to the fitted straight line are plotted in Fig. 4K-l1 for the Ar-Iso
Methylal gas mixture. The points (without the "error bars") are the calculated results for 
two differ'ent v\)ltages, 35 and 50 kV across a radial TPC with inner radius 12.5 em and 
outer radius 47.5 em. The different voltages produce different ranges of drift velocity vs 

" r Ii " 1 1 Ii 1 I • "'""'I"T"'II 1i"'T'1 T'TI 1"'-" 1i"'T" TI"T "T'T"T'TT"T'"""""'" 

• RadialTPC 

~ 0 Conventional TPC, sigma 1 • 280 ~ 
10 • 0_. 

o _. 
°0 0 •••••••••••• 

0 0 000 
0 0 00000 

- ~ - F(radlal)/F(conventional), slgma1 • 280 J.l. 

. --'* -. F(radlal)/F(conventional), slgma1 .. 240 ~ 

-- sqrt (R/rl) 
~.I.-L.lI •• "I'",I""I",!I,!!!I!! 

o 5 10 15 20 25 30 35 40 
Drift Distance (em) 

1 0 s:: 

.!! .., 
D) 
c. 
Pi' 
~ 

" 0-
0 
::1 

t.. 

Figure 4K-9 The figure of merit for a radial TPC as a function of drift length. The longer the 
drift distance the greater the advantage of the radial TPC over the conventional design at 
separating close tracks. 
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Figure 4K-l0 Drift velocity as a functiotl of position within the active volume of the prototype 
radial "fPC for an Ar-lso-Methylal gas mixture and for two biasing options. 

radius. The results displayed on this figure could be used to build a lookup table to 
convert the collection time T, for a given hit, into the radius rio A lookup table of this 
sort is not considered to be a problem. Also shown in Fig. 4K-l1 is the effect of the 
radial diffusion calculated by Eq. 4K-2 using the same diffusion parameter vs radius as 
for the q, calculations above. This effect is indicated by the tterror bars" which indicate 
the standard deviation (width) of the radial Gaussian shape of the cloud. 
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Figure 4K'Ml1 Deviation in extracted radius induced by the varying drift field. 
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Figure 4K-12 Azimuthal distortions induced if the XTPCs Wt~re to operate in the fringe field of 
the STAR solenoid. 

4.K.4.b.4 The Effect of Stray Magnetic field 

• 

• 
At the site of a drifting electron in the external TPCs, the stray magnetic field B 

froIn the main solenoid will, to high accuracy, be in the plane defined by the accelerator 
beam and the electric field vector experienced by khat cloud. The Langevin equation for 
the drift velocity VD of an electron is: • 

4K-4 

whe're co = Be/lne (cyclotron frequency of an electron), and the carat denotes a unit 
vector. 

Sin.ce ~B = rot, we can evaluate the drift velocity at a given E. The result is rot « 
1 ;or any B to be experienced by the X'fPCs. Thus the third term of Eq. 1K-4 ... is 
corrlpletely neglig~ble. "The second ternl produces drift at an a.ngl(~~ q,L = tan-1((t)'tIE x B t ) 
measured in the (E x B) or q, Jirection. from E. This is called the Lorentz angle v{hen 
IExBI = 1. 

For purposes of estimation, consider the case where JlB and E x Is are each 
constant. This is a closer approximation to the conventional rectangular TPCs, in which 
E is constant, then to the rad; ~l TPCs. The frin~e fi'?ld B is not con., ant in either case. 
The drift velOcity would then be at a constant angle <PL from E. The trajectory would 
then simply be a straight line for a rectangular TPC. 

The change in 4> in a radial TPC durir g the course of the drift to the outer radius 
is shown to be~ 

4>£ = $L In(R/ ru 4K-5 
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for drift from radius ri to R under the approxinlation that Jl and B are uniform. This 
trajectory has a spiral .. like quality. Thus the cloud at radius R.Ll:: displaced in the cp 
direction by the distance R<Pr from its location if B were zero. In the actual situation, the 
calculation must be numerical because neither Jl nor B is constant. The drift velocity 
saturates, and even over saturates, at small radii. The resulting spiral effect is actually 
not as strong as \vould be indicated by Eq. 4K-S. Figure 4K-12 sh()ws the calculated 
azimuthal shifts for two different fringe field strengths with the Ar-Iso-Methylal gas 
mixture and a 42 kV drift potential across the test radial TPC. The points are the 
calculated deflections in mm in the <p direction at the collection radius R, i.e. each 
accumulated cf> deflection multiplied by I{. The cloud starts drifting from radius ri as 
usual. There is little sign of the spiral-like effect because J..lB is smaller at smaller radii 
than at larger radii, so the deflection is nearly linear. The correction for this effect will 
require a lookup table for either the radial or conventional TPC. For reference, the 
standa,rd deviation associated with the Gaussian shape of the diffusion in the <p 
direction is shown by the Vlerror bars". The amount of the magnetic deflection is of the 
same order of magnitude as the Gaussian wi.dth caused by diffusion. 

4.KA.b.S Prototyping Effort 

A sector of a prototype radial drift TPC is being built cooperatively between 
BNL, UC 'Davis and LBL. TIle device is illustrated in Fig. 4K .. 13. It is a 45 degree wedge 
with an irmer radius of 12.5 CIn and an outer radius of 50 em. This prototype TPC will 
address aU the new te'chnology questions introduced by the radial geometry such as: 
what is the effect of the ratio of inner to outer radii? W'ill the ionization cloud. spread as 
expected through the non-uniform electric field? Will the use of only field wires in the 
anode wire plane effect the resolution? Is the two-track separation and spatial resolution 
as good as expected for tracks at the inner radius? How critical are the various 
structural specifications? Can a cylindrical pad plane be made to work? What sort of 
gain uniformity can be achieved? 

The construction of the prototype wedge has been shared by three institutions. 
BNL is manufacturing the readout region. This consists of the wire planes, pad plane, 
and electronics interface. UC Davis is making the filechanical support structure for the 
drift region. LBl is building the field cages" The front-end electronics will be bor.rowed 
from NA35 and the DAQ electronics from E810. The asselnbly and testing will take 
place at BNL, employing first bench tests with sources and lasers and later beam tests at 
theAGS. 

4.KA.b.6 Schedule of Tec1'mology Selection 

The manufacture of parts is currently underway at all three institution.s. 
Assembly at BNL will take place in June and testing in the summer. The analysis of the 
results will occur concurrently with the acquisition of the data and fin.al conclusions 
from the study will be available by the end of the SUIruner. 

4K-13 
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4.K .• S. Engineering 

!.K.5.a. Brief Technical Description & Specifications 

~.K.5.b. Descrjllti,Q!l...Qf.1vfajor ,.C.omppnent§ 

4.K.S.b.l Detector Hardware 

The XTPC detectors will use cathode pad readout, this being the least expensive 
option in terms of the number of electronics channels required to achieve the needed 
spatial resolution. This would be true either for the conventional or radial geometry. 
Above the pad plane will be an anode plane with field wires, a cathode wire plane and 
a gated grid. The field uniformity in the drift region will be achieved via copper strips 
on the sides and front and rear ends of the field cage walls. There will be double sided 
PC boards on the sides, and double sided Kapton for the entrance and exit windows. A 
resistor string will supply a uniform gradient. 

In an effort to control costs and maximize existing manpower, it is anticipated 
that the project will be broken down into smaller tasks with local testing o~ su~systems 
before being assembled into the final package at BNL. A test of this procedure is taking 
place in the construction of the prototype radial drift chamber, for which parts are being 
built at UC Davis, LBL, and BNL. 

4.K.S.b.2 Front End EleclTonics 

The front ~nd electronics consists of a preamplifier-shaper followed by an analog 
sampling memory such as the SeAl ASA chips which mayor may not contain data 
desparsification. At this point the FEE shifts to DAQ. Our concerns then are making low 
noise contact with either pad or anode electrodes, then delivering digitized data (10 
bits) to a local bus that receives this data. The bus may further compact the data and 
pass it to off-chanlber electronics. The principle elements in this FEE are: Amplifier .. 
shaper, SCAI ASA, ·readout logic, and physical mounting of the sub-assembly. 

Preliminary electronics block diagrams are shown in Fig. 4K .. 14. Figure 4K-15 
shows an artist's conception of a FEE module. As an integral part of the end cap and 
interconnection PC (sector) we will have an lID circuH (1'9000 board) that combines 
digital inputs from the 8 64 channe1 FEE modules onto a fiber optic channel. This sector 
configuration is shown in Fig. 4K-16. Thus the on-chamber electron.ics is part FEE and 
part DAQ with 45 links (for 22 k pads) going each way to external modules (probably 
FASTBUS). It should be noted that low pressure (leakless) water cooling is part of all 
plug in modules as well as the end cap structure . 

The 360 FEE modules will be assembled using mass assenlbl y techniques. The 
water cooling layer will be stamped front two pieces of bra.ss and soldered or glued 
together with appropriate jig structures, then glued to the heat producing layer of the 
FEE structure. The three layers of Ie will be on multilayer polyimide substrates. The 
chips will be glued to polyimide and wire bonded. 

4K-15 
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Figure 4K-15 XTPC electronics assembly . 

All electronic devices will be fully tested first at the \'\rafer level using automated 
test equipment, then tested again at the individual PC layer level, and finally tested as 
conlplete assemblies. This highly automated test and assem,bly process is expected to 
hold the XTPC FEE cost down well below that of previous r:;ysterns . 
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.5.. Integration Of EXl'erimmt 

S.A. Subsystems Integration 

Chapter 5 -Integration of Experiment 

Subsy~tem Integration tasks include the following: 

• Subsystem Dimension Control 
• Routing of cables, pipes, ducts, etc. from detector subsystems 
• Assembly and service scenario modeling 
• Conceptual design of detector supports, return iron, OIl ,.:f miscellaneous 

subsystems. ' 
• Determination of conventional facilities needs, which include assembly hall 

requirements and modifications and utility needs (power, HV AC, water, etc.) 

S.A.l. Subsystenl Dimension ControX 

, Engineering and design effort is being devoted to ensure that subsystems fit 
together, can be assembled and serviced, and have minimuln negative itllpact on other 
subsystem's performance. Subsystem overall dimensions have been defined along with 
assembly clearances. Figure 5-1 shows a cross-section of the STAR detector with some 
basic dimensions. The subsystem overall dimensions are shown in Table 5-1. 

It is important to note that these dimensions represent simple geometrical 
volumes and maximum subsystem dimensions. A subsystem's nominal dimensions will 
likely be different due to manufacturing and alignment tolerances. More detailed 
geometries will be defined as systems evolve. Three-D CAD solid modeling will be used 
to model these geometries in an unambiguous manner. 

S.A.2. Assembly 

Initial assembly and subsequent servicing of the detector has been modeled on 
both 2-D and 3-D CAD in order to determine the dimensions for the new assembly 
building and to insure adequate fit in the eXisting Wide Angle Hall. The detector will be 
assembled, fully cabled, and tested in the assembly building. Figure 5-2 shows the 
assembled detector with its electronics trailer in the proposed assembly building. The 
detector \vith its electronics trailer will then be rolled into place on the beam line, the 
beampipe will be installed, and the shielding wall/room erected around the electroniC's 
trailer. At this pOint, the detector is ready for testing and operation on the beamline. 
Figure 5-2 also shows the detector in its operating position. 

Assembly of the detector begins with erection of the detector supports onto the 
steel floor plates as shown in Figure 5-3. Temporary auxiliary supports are used to 
stabilize the structure against forces in the axial direction. The end iron rings are then 
Inounted onto these supports, and surveyed and aligned into proper position, The 
lower EMC/barrel return iron segments are then bolted to the end iron ring. They are 
brought in from the side, then picked up using special lifting fixtures by two cranes 
(shown con.ceptually in Figures 5-4 and 5-5) and inserted onto the nlounting studs. The 
mounting nuts are tightened evenly to pull the segm,ents up into final position on the 
end return iron rings. 
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Table 5-1 STAR subslIstem basic dimensions . .; 

SVT 
Inner Radius 50mm 
Outer Radius 107mm 
Half length 211mm 

TPC 

Inner Radius 500mm 
Outer Radius 2060mm 
Half length, Trackin~ Volume 2100mm 

Trigger Barrel (eTB) 

Inner Radius 2060mm 
Outer Radius 2170mm 
Half length 2280mrn 

Solenoid 

Inner Radius, cryostat 2200mm 
Outer Radius, cryostat 2500mm 
Half length, cryostat 3450mm 
Return Iron Inner Radius 2780mm 
Return Iron Outer Radius 3180mm 

EMC 

Inner Radius 2530mm 
Outer Radius 2780mm --Maximum Half Length 3430mm 

The coil is then lowered into the resulting cradle, mounted and aligned, as shown 
in Figure 5-6. The remaining upper half of the barrel return iron segments are then 
assembled onto the end iron rings. Once most of the barrel iron is assembled, the 
detector becomes self stabilized against axial forces, and the auxiliary detector supports 
may be removed. Coil mounts for the upper half are installed as the segments are 
installed. 

After the iron and coil are assembled, the detector is ready for field mapping, 
which must be done without the TPC in place. Field measurement equipment is 
installed in the magnetic volume, and the pole tips are then installed. The poletips have 
their own rolling supports. The supports may be left on when the detector is in the 
operating position or in the testing position in the assembly hall. They nlust be removed 
before the detector can be moved through the door of the wide angle hall, because of the 
limited WAH door width . 

After field mapping is complete, the poletips are removed while on their 
~upportsf and a TPC installation beani is ins tailed through the detector. this beam is 

5-3 



STAR Conceptual Design Report Chapter 5 - Integration of Experitnent 

STAR DETECTOR v.J····+···,············· .. ·····+····· .. ······ .. ·-·~ .. ·j· .... ·.y 

IN OPERATION 
! .................................... . , ........................................ . 

--~-t-----·E3-+-fI--*~I~~:Ha-~-R-t-~F-==f~-------t---

60 

r::::::::::::::;::::::::-::::::::::::~'t t\M~ 

STAR DETECTOR 
I N HA J OR SERV ICE 

OR TEST 
POSITION 

~~ 
ffJ~ 
: ... 1 l ... : 

DRIVEWAY 

Figure 5-2 STAR Detector in Wide Angle hall. 
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Figure 5-3 Barrel return irOll (BRI)/EMC module asse7nbly . 
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more than twice as long as the detector to allow three possible supporting points. Twin 
double-arm TPC supports roll along this beam. This allows the 'fPC, without Central 
Trigger Barrel (eTB) modules, to be installed onto the beanl. l'ne TPC can then (by 
removing the central beam support) be rolled along the bealn into place inside the 
magnet cryostat, where it is Inounted. The bealn is then withdrawn froIn the detector. 
This sequence is shown in Figures 5-7 through 5 .. 9. 

After the TPC is installed and roughly aligned, the CTB modules are installed. 
Figure 5-10 shows a eTB module being either installed or removed for servicing. The 
SVT can also be installed at this time. After installation, the SVT, TPC, and eTB cables 
are connected and. rou.ted bet~.veen the end return iron seglnents. The poletips are then 
replaced and the cabling to the electronics trail~r is completed. The cornplfte detector is 
then ready for testing. 

After testing of the assembled detector, the detector together with its electronics 
trailer can be rolled into the experimental hall, as noted above. This is accomplished by 
installing anchor blocks into the holes in the steel floor plateS' and ja\~ks between the 
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Figure 5-7 Installation of 'fPC, initial set-up . 
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blocks and detector supports. The detector is then nloved with the jacks, the jacks are 
retracted and the anchor blocks moved to the next set of holes, similar to the method 
used by the SLD, and DO detectors. 

S.D. Plumbing & Cabling Plans and Issues 

Cable and pipe routing, provision for electronics power and cooling and 
ventilation. ne·eds are being developed. Three .. D CAD solid modeling will be used to 
both visualize and check for interferences. A general concept has been developed for the 
routing of cables and pipes from the various subsystems to their respective electronics 
anel service connections. Cables and pipes which service the SVT, TPC, and eTB will be 
routed between the end return. iron segments, as shown in Figures 5-11 and 5 .. 12. EMC 
PMT cables are already external to the detector and will be collected and routed directly 
to the electronics. EMC Shower Max cabling will start at each end of each ElVie segment 
and be routed radi.ally outward through the gaps between each barrel return iron 
segtnent. Solenoid services will require one or more slots, on one end only, in the top 
EMC I barrel return iron segment. 

The slots between the end return iron (ERI) segments for the SVT, TPC, and eTB 
cables and pipes result in a loss of 25% of the iron circumferential flux return path at 
this radius. The remaining 750/0 iron area carries both higher overall field and a small 
alnount of localized lnagnetic saturation which is not thought to adversely affect the 
operating field in the TPC . Should more cable area be necessary, the ERI segments can 
be made non ... magnetic and coil current increased by about 1-2% to account for the 
resulting air gap. Again., it is felt that the field quality is not adversely affected. The ERI 
segments are designed to be removable, which allows eTB modules to be removed. 
These modules are removed by Sliding them axially outward after removing first the 
poletip, and then the obstructing E:RI segment. Figure 5-10 shows this concept. Some 
eTB modules will be blocked by cables and pipes as well. These pipes and cables will 
have to be made flexible enough to move laterally to the side after one or two ERI 
segment., are removed. 

After exiting the return iron, these cables will be routed along the ERI ring, as 
shown in Figure 5-12. The cables will collect at, and feed through the shielding w'all, 
perhaps in a dogleg fashion (into the paper) to reach the electronics. The majority of the 
DAQ and power supply electronics for all the subsystems are located on the electronics 
trailer which travels with the detector when it is rf)Ued off the beamline and into the 
assembly hall. The shielding wall and roof between the trailer and the detector allows 
safe access to the electronics d l .1ring operation. The magnet power supply and conh·ol 
dewar a.re located at the top level of this trailer for cryogenic flow stability and to 
minimize the length of the coil leads. 

S .. C. Access and Maintenance Requirements. 

There are three service scenarios which may occur. The first scenario requires the 
removal of the detector from the wide angle hall. This would be required in the case 
~vhere a subsystem needs major service, such as a coil failure, or for a time consuming 
upgrade. The beampipe is removed, the shielding disassembled, and the detector rolled 
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Figure 5··11 Cabling and piping through return iron. 
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into the assembly building. As soon as the detector is off the beamline, the beam pipe is 
replaced and the shielding rebuilt. It is estimated that the accelerator would be 
operational in 2-3 weeks. 

The second type of service scenario is where quick access is needed to service 
SVT, TPC, and CTB electronics, or for replacelnent of a TPC sector and/or CTB 
module(s). Table 5-2 summarizes the STAR detector's expected service and repair time 
estimates. 

Table 5-2 

Service Freque_ncy Repair Time 

1. TPC electrical biweekly hours 
2. EMC phototubes bimonthly hours-day 
3. CTB /TOF phototubes bimonthly days 
4. TPC pad planes annually daysoweek 
5. SVT Electronics bimonthly hours-day 

In this second scenario, the poletip(s) are retracted while the beampipe is left 
undisturbed. The Xl1'C's (if present) would first roll back on their own supports. Figure 
5-10 shows the detector in this configuration with a CTB nlodule being withdrawn for 
replacement. eTB segment renloval will first require removal of the corresponding ERI 
segment(s) and temporary relocation of cables or pipes which might be in the way. 

The third scenario is for removal and replacerr\ent of the (non-c1amshelled) SVT. 
For this case, the intermediate beampipe sections would be removed and then the 
XTPCvs and poletips would be moved off the bealnline out of the way. TIle SVT can then 
be removed and replaced. The center beampipe section remains mounted within the 
SVT during these hal'\dling operations. Figure 5-13 shows this operation. The baseline 
SVT desi.gn is clamshell, however, and does not require removal of any beampipe 
sections. . 

S.D. Miscellal\eous Subsystem Design 

The integration group is currently taking on the task of initial design of two 
components. These two components are the return iron structure, which is being 
designed in conjunction with the EMC and SOL subgroups, and the detector support 
system 'which is being designed in conjunction with ru-nc detector engineering. DeSign 
details for these subsystems are presented elsewhere in this report. 

5.D.t. Return Iron Mechanical I.>esign 

The return iron for the solenoid serves several magnetic functions: 

• Minimize solenoid electric current requirem.ents 
C,l Provide uniformity of the magnetic field (addition of pole tips) 
<J Provide hole in pole tip above" := ±2.0 for XTPC operation 
• Minimize stray field 
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The design of the return iro.n yo.ke n1ust take into acco.unt several mechanical 
functions in addi tio.n to. its magnetic ones: 

• Provide support for all the major subsystems, except the X.fPCls. 
• Allo'V{ the poletips to. be remo.ved easily for servicing o.r removal of internal 

components. 
• Accommodate cables and pipes fo.r internal subsystems. 
• Allo.w eTB segments to. be easily removed 
• Allow removal of individual EMC/BRI modules' f~om the fully assembled 

detector . 

The return iron is composed of three major subparts: the po.letip, the end return 
iron (ERI) ring, and the barrel return iro.n (BRI) segments. These are labeled in the 
detector cross-section illustration. The ERI rings are suppo.rted on the detecto.r supports. 
Each ERI ring has 60 machined flats around the circumference to which the EMC/BRI 
segments are bolted. Additionally, bo.lted to each ERI ring are twelve adjustable mounts 
which support the solenoid coil cryostat o.n its outer end flanges. The BRI segments, as 
an ensemble, are expected to provide sufficient rigidity against fo.rces in the axial and 
transverse directions, when bolted tightly to. the end iron rings, as shown in Figwre 5-14. 

EMC/BRI 
MODULE -.-~ 

ERI RING 

POlET I P ~IIIIIIIII~~ MOUNTING 
BLOCK 

-----ER I 
5EG~1ENT 

Figure 5-14 Barrel retu1'n iron (BRl) mounting concept. 
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These BRI segments can be connec.tedt·ogether with tie plates (not shown) to provide 
adclitionallateral stability, if necessary. 

(The mating surfaces of the po.}eti p and the ERI segn\en'ts are ta ?~red to allow 
insertion of the poletip vt/ithout binding. To preven.t the magnetic force (pulling the 
poletips inward) from loc.king- the tapers together, the. polenp will be mounted onto the 
ERI ring using mounting blocks w.hich hold the poletip in axial alignment and prevent 
it from being pulled tightly i.nto the taper. Th.e tapered surface of the ERI segments hold 
the p0letip i.n rad.ial alignment, with a very small gap (of the order of a millimeter or 
less). between the tapered surfaces. 

5.0.2 .. "etector Support Structure 

The detector is supported by a structural steel assembly that will provide a stable 
support-and will adequately dist.ribute the weight ()f the dete(ior on the floor. 

The detector support will be designed ~u allow the detector to be ass·ernbled in 
the proposed Widei Angle Hall Assembly Building. TIle com pIle ted detector will then be 
roned in~'~ the Wide Angle .Han and posi ti on ed on the beamlint" The detecto!' support 
structure w~ll have the capability of not (H)ly rolling the detector (estirna,ted weight of 
approxinl.ately 800 metric to! .... s) but also positioning the overall detector to an accuracy 
of several millimeters, taking into account potential floor settlement. The s·upports will 
also anow removal of individual BR.I/EMC· modules without n1.ajor detector 
d.isass·embl y. 

The support structure is shown in Figures 5-15 and .5-16. This structur~ will be a 
welded array of four-inch mild carbon steel plate. The approximate fWI::ight of the 
support will be 38 metric tons. The structural steel will rest on twelve 73 ton H.ilnlan 
type rollers. The rollers will allow horizontal nlotion of the detector duriing alignment. 
Located at each of the four corner posts of the detector lv-ill be a 30D-ton Enerpac type 
hydraulic jack assembly. They will be used to provide vertical adju.s;hnent for the 
detector. Since it is expected that there will be an initial settienlent of thf:! detector, this 
arrangement \villallow in situ vertical and horizontal adjustment of the fully assembled 
det.ector. 

Between the structura.1 steel and l-iilman type rollers there will be rotating 
turntable·s that wUl allow the rollers to move both in the z and x direction (i.e., parallel 
and pe~t\dicular to t.he accelerator beaxn line). With thi.s arrartgement the detector can 
be positioned very accurately. Lateral correctIons can also be made while r~,oving the 
detector int.o and out of the experimental hall. 

IIn'l.e detector and dete·ctor support structure will require two reinf;orced concrete 
pads to be added as an upgrade t.o the \VAH. They will provide a conti.nuous path from 
the intersecting re·gion of thE~ Wide JA.ngle Hall to the proposed Assembly Building. In 
order to roll the detector in and out of the intersecting region, there will be two 
horiz..ontally mounted lOO-ton hydraulic ran'lS attached to the detector basle plate . 

5-19 



, j I I II "~ I J I II " II", I I ~ I I , • III I ~I I 

STAR Conceptual Design Report Chapter 5 .. Integration of Experiment 

81 

TYPICAL ROLLER AS !>F. t'8L Y 

e. 

Figure 5-15 Detector support concept. 

e. 

5 .. 20 • 



• STAR Conceptual T.>esign Report Chapter 5 - Integration of Experiment 

• 

• 

• 

• 

• 

• 

• 

• 
Figure 5-16 Detector an.d poletip support concept. 

'. 
• 5 .. 21 



S'f AR Conceptual Design Report 

S.E. Detector Interface with Wide Angle Hall 

5.E.l. Building RequIrements 

Chapter 5 - Integration of Experiment 

The Wide Angle hall ha:; been selected by RHIC Management as the site for the 
STAR detector. Figures 5-17 and 5'-!~ ,·1...ow an "as is" layout of the hall and Table 5 .. 3 
lists the hall's majoTt parameters. The beamline crosses the hall at approximately mid 
length, leaving little room on either end for assembly and service. The hall width is 53 
ft, which limits the space needed to retract the pole tips for qUick detector subsystexlt 
access. This constraint may hnpact the design of the XTPC and the fixture required to 
remove TPC sectors. Other hall constraints that may impact the detector operation are 
the limited crane capac.ity, the floor loading capacity; the size of the entry door and the 
clearance between the crane hook and the top of the detector. Because the south wing of 
the halils too slnall for assembly / disassembly of 'che detector while +he RHIC machine 
is operating, the detector will be assembled and cabled f.n a new assembly building 
which will be constructed adjoining the wide angle hall. After the detector is cOlnpletely 
assembled, cabled, and tested, it 'rVill be rolled into position in the hall. 

Table 5-3 Wide angle hall parameters. 

Hall length and wid ih . 105 ft X 53 ft 
Total area covered by crane 83 ft X 37 ft -Distance from floor to beamline 14 ft 2 in - ,.. _ . 
.Assumed distance fro.m shield blocks to roll up door 47ft __ ~t 

Roll up door dimension 27 ft W X 25 it H -Hoor thickness/Load ca~adtl: 1.0 ft / 5000 psf 
Crane caQacity 20 ton _;1:_ -

At this Hille, the RHIC accelerator does not require any floor space in the hall to 
house machine-related equipn\ent. The southern end of the hall which is inaccessible 
during operation, cal' be used for storing STAR assembly and handHng fixtures and 
shielding blocks. The experiment requires power supplies and fast trigger electronic 
racks to be placed in the hall near the detector to minimize cable lengths. To facilitate 
assembly and testing of' the detector in the assembly building, the electronics racks will 
be placed on a platform which win move along w·ith the detector between the assembly 
building and the hall. I:igure 5-2 shows a schematic layout of the detector and the rack 
platform. To allow access to the electronic crates during operation, a radiation shield 
will be built around the 'Tates. The details of this shield are discussed in Section 6.A. 

TIle load capacity of the hall's floor must be assessed by ru .. ne's fadHty structural 
engineers. If required, the floor win be upgraded to handle the ~ 800 MT c.: etector and 
shielding weight. Steel rails will have to be in')talled on the floor to facilitate detector 
nloveme.nt between the assembly building and the hall. Other, more minor, 
modifications to the building will be discussed in a future document detailing the 
experimental facilHies user requirement. 
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S.E.2. Hall Utilities Requirements: 

The Wide Angle hall is equipped 'with basic utiHties such as tap water, 120 psi 
compressed air supply line and electric power for c~)nventional systems, such as 
lighting, crane and machine tools. 

lhe STAR experiment is not expected to add much hea.t to the hall space since all 
electronics will be cooled locally using,\nixed chilled w~ter loops. The maxinlum heat 
load added to the hall space air from electr()nics heat exchangers and PMT's is about 80 
kW. Since the STAR detector cannot tolerate ambient telnperature swing .. " of more than 
a few degrees Fahrenheit, an HV AC system will be required to handle the 80 kW plus 
any heat load added to the hall from the outside world. 

At the present time, only a humidity control system is available for the Wide 
Angle hall. This system must to be upgraded to include tenlperature control capability 
as well. 

S.F. Interface with RHle Accelerator 

The interface between the RHIC accelerator and the STAR detector is basically 
lirnited to the beam pipe and possibly the cryogenic system, i.e. helium supply and 
return lines. All other acc~lerator equipment is located "'ithin the tunnel. Figures 5-19 
and 5-20 show ~ layout of the beam pipe and the vacuum equipment near the beam 
pipe. 

The details of the beampipe and its support structure within the detector have 
not yet been engineered. Preliminary layouts suggest a three piece beampipe, with the 
center narrow section being approximately 4 meters long and made of beryllium. None 
of the detector's subsystems require the removal of the beam pipe for routine service, 
with the exception of a non-c1amshelled SVT. The impact on XTPC operatic~n has not yet 
been determ.ined. 

Final engineering drawings of accelerator cryogenic bypass transfer lines and 
power cables a.re not available at this time. However, it is expected that this equipment 
will be located outside the hall to avoid any potential interference with the detector. 
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Figure 5-20 RHJC vacuum equipment, at each end of bealnpipe. 
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6. Facility Requirements 

6.A. Assembly Areas 

The proposed assembly building mentioned above needs a usable floor width, in 
the North/South direction, of at least 60 feet in order to accommoda te the detector and 
its electronics trailer, as shown in Figure 5·2. This allows the detector to be fully cabled 
and tested inside the assembly hall before moving it into the wide angle halL The 
proposed assembly building length of 120 ft is based on the space rec.ruired to assemble 
the detector in the sequence described in Section S.A, keeping in mind the assembly hall 
will also be used for storage of lifting fixtures, pipes, cables, electronics racks, etc. as 
they arrive. It will also be used for minor subassembly, modification and repair of 
various items as they are fitted to the detector. The assembly area also includes a clean 
room for TPC sector and SVT work. It is desirable to have crane coverage for the clean 
room. 

Crane capacity requirements in the assembly building have not yet been 
finalized. However it 'will be necessary to have two separate bridge cranes, with the 
main rails for the bridges running along the length of the hall. This allows accurate 
positioning of long, large, components such as the coil, barrel return iron segments, and 
TPC installation beam(s), without building specialized lifting fixtures. It also allows 
lower capacity (20-30 MT) cranes to be used. 

6.B. Shop Requirements 

As the detector is built, many comp()nents/elements will need to be assembled, 
n\odified, repaired, re-fitted, etc. A mechanical shop located near or in the assembly 
building will be needed for this work. Similarly an electronics shop will be needed for 
ongoing work on the electronics. These are small shops, geared primarily for low
volume small fabrication/repair work. Each of these shops is estimated to require an 
area of approxinl.ately 400 sq. ft . 

6-1 
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6.C. Computing Facility Requirements 

Table 6-1 Design Parameters for STAR event analysis 

Raw Data Size 
TPC (140k X 512 X 10 bits) 90MB 

SVT ( 72k X 256 X 10 bits) 73MB 
Zero Suppressed Data Size -TPC (10% occupancy) 15MB 

SVT ( 1 % occupancy) 3MB 
Recording (Ta}?e limited) rate 1Hz 

m ....,... 

Estimated Reconstruction CPU time pet event 5 Gflop··seconds 
# tracks/ event 5000 

# 4-byte words/!!ack in DST 10 

DST event size O.2MB 
Data set 

running time 2000 hours 
ow-

# events 7.20E+06 

raw data size 108TB -- DST size 1.44 TB 
Data access bandwidth 

pr~cessing raw data (at record rate) 15 MB/sec 
search data set DST in 24 hours 17 MB/sec 
search 105 DST events/hour 

' - -5.56 MB/sec 
...-v 

Stora ge requ!Eements 
long term, archival for raw data ~?O TB I ~ear .. 
rapid access for DST data 3.6 TB/year 

The scale of cOlnputing required for timely analysis of a 1 Hz central Au-Au 
event rate is estimated to be 5 Gflops. Since this will involve processing thousands of 
equivalent events (both real data. and Monte Carlo simulations) the computing is 
efficiently partitioned as a farm of inexpensive RISe processors. At the present time 20 
Mflop workstations are comn10n, so that 250 such processors would be needed. These 
nodes would be networked to three or four event-server machines which would have 
high speed tape I/O and large disks. The need for computation other than the analysis 
of raw event data, incl uding especially event simulation, and the needs of other 
experiments sharing the offline facility could multiply the size by a factor of five or ten. 
By 1996, when acquisition of the .facility should take place, individual nodes should be 
substantially more powerful so fewer would be required. 

Equally as important as the magnitude of the processor power required is the 
need to move and rnanage a fevv tin-les 1014 bytes of raw data per year and to provide 

6-2 

III11 III 

•• 

• 

•• 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

STAR Conceptual Design Report Chapter 6 - Facility Requirments 

the databases and access to manage the processed data and extract the physics results. 
The raw data recording medium will be determined by the more critical rate 
requirements of the DAQ syst~m. The data handling will mean massive amounts of 
conventional disk storage and 8 mm tape technology as well as newer storage media 
such as optical disks. 

The aggregate data access bandwidth required for offline physics analysis is 
greater than the requirement for online recording. The offline system should be capable 
of supporting several physicists searching the central DST database at the rate of 105 
events/hour. This sets the scale of the bandwidth at tens of MBI sec. 

It is presently envisioned that a team of approximately 15 people will staff the 
STAR detector during running periods. These people will be responsible for monitoring 
the operation of the detector, the control and monitoring of data acquisition, and for 
quality assu~ance of the data. To accommodate these functions it is thought that 
approximately one workstation per person will be required in addition to a small 
number of electronics racks and communications equipment. Given'these assumptions, 
the amount of space required is estimated to be approximately 3,000 sq. ft. at the 
detector site. The HVAC requirement to support these operations has not yet been 
calculated. 

Given the experience of CDP and SLD, it will also be necessary to provide 
workspace for as many as 50 other physicists who travel to RHIC to participate during 
running periods. A conferenc~ room adequate for group meetin&s required to distribute 
infomlation, results, and run plans will also be necessary. At present, the space 
necessary to accommodate these additional people has not been identified and requires 
additional discussion with RHIC/BNL management. 

6.D .. Utility Requirements (HV AC, water, power, gas, cryogenic, etc.) 

6.0.1. Detector Cooling Requirement: 

Cooling of electronics and computer systems will be done using mixed chilled 
water (CHW) @ 60°F. Table 6 .. 2 shows the location and amount of the heat load in and 
around the detector. Approximately 350 kW (90% of the total heat load) will be 
removed from the electronics by the mixed chilled water. The mixed chilled water inlet 
temperature is 60°F or slightly higher than dew point temperature in the hall. 
EJ~ctronics racks will have main supply and return manifolds located on the c"ltector 
and the electronics trailer. The manifolds will be connected to the main chilled water 
production plant via an independent circulation system to avoid dalnage from pressure 
surges . 

The STAR air conditioning (HV AC) load is about 80 k.W. This estimate is based 
on the sum of EMC PMT heat load plus 10% of the-electronics heat load. 

Industrial water (leW) at about 1000 P inlet temperature win be ne'2ded to cool 
the helium compressors. The capacity of this system is approximately 235 kW . 
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Table 6-3 summarizes the detector's total cooling requirement. 

Table 6-3 Summary of detector cooling requirement. 

Total CHW @ 60°F 350kW 
Total lew @ 1000 P 235kW 
Total HVAC BOkW 

6.0.2. Refrigeration requirements for the STAR solenoid Magnet 

Several magnet cooling concepts were considered for the STAR detector1,2. The 
refrigeration requirements, assuming that STAR taps into the RI-IIC refrigeration 
capacity, are stated below. 

During normal operation when the STAR solenoid is cold: 

.' TIle operating temperature is 4.7 K or below. 

• TI\e two phase heliuDl should be delivered by the refrigerator J-T circuit to the 
STAR magnet control dewar at a rate of 15 grams per second. 

• The refrigerator should deliver refrigeration as a refrigerator (with helium gas 
rerurning to it on the saturated vapor line at a temperature of 4.5 K or less) at 
a rate of 200 watts or more, and the refrigerator should provide liquefaction 
(where the helium gas is returned to the refrigerator compressor at a 
temperature of 2.73 K or higher) at the rate of 0.8 grams per second or more. 

• In the event of a STAR solenoid quench, the quench gas should be exhausted 
to the atmosphere through a vent provided by RHIC which meets the 
Brookhaven safety standards. A schematic layout of the magnet cryogenic 
system i.s shown in Section 4.B. 

During cool-down frOIn room temperature to its normal operating temperature 
of 4.7 K or less: 

III The RHIC refrigerator should be capable of delivering cold helium gas at a 
tenlperature of 4.7 K or less at a rate of 10 grams per second or more during 
the cool do·w.n of the STAR solenoid. During the early phases of the STAR 
magnet cool down, when the n'\agnet cold mass temperature exceeds 100 K, 
the temperature of the gas leaving the RI-IIC refrigerator can be as high as 90 
K. 

• 'The pressure of the cold helium gas delivered by the Rifle reftigerator during 
the cool down should be as high as 1 MPa (about 10 bar). 

1 M. A. Green, "STAR Refrigeration Requirements," STAR Note-0058, 21 April 1992. 
2 ?v1. A. Green, "Clyogenic System Options for the STAR SuperconducUng Thin Solenoid/I STAR Note-
0013, LBL Internal Report LBID-1841, 20 April 1992. 
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• The RHIC refrigeration system should be capable of delivering pure warm 
helium gas at a temperature of 273 K or above from the compressor at a 
pressure of 1 MPa (about 10 bar) or above. This warm heliu.m can be mixed 
with the cold helium from the refrigerator so that helium gas at a controlled 
temperature can be delivered to the STAR solenoid during its cool down. The 
wann helium can also be used to warm up the STAR magnet. 

• During the cool down and warm up, the STAR solenoid cryogenic system will 
deliv¢r pure helium gas back to the compressor intake at a temperature of 273 
K ~1!' higher. 

• RHrc should provide an impure helium return line so that impure helium 
coming from STAR during the pump and purge phase before the cool down. 
of the STAR solenoid can be returned to the RIile helium system. If an 
impure helium return line is not provided by RHIC, it is assumed that the 
STAR experiment will dispose of the pump and purge helium by venting it to 
the atmosphere. RHIC should provide the vent line so that this venting can be 
done in accordance to Brookhaven safety requirenlen ts . 

6.D.3. Electrical Power Requirement 

For the purposes of this doculllent, electrical power for the STAR Detector is 
divided into two parts; Facility Electrical Power (PEP) and Experiment Electrical Power 
(EEP) . 

FEP for the STAR detector will be provided by RHIC. PEP is defined as the 
supply and distribution network extending from the main feeder lines down to and 
including distribution panels and wall outlets. The network will supply both 
conventional power and isolated clean power for experiment electrical and electronic 
systems . 

EEP for the STAR, detector will be provided by the detector project. EEP is 
defined as the supply and distribution network extending fr()m the FEP distribution 
panels and wall outlets down to and including electrical units and electronics systems 
power distribution centers. The EEP network will supply both conventional and 
isolated clean power to experiment systems . 

The requirements described in this section are for the fully implemented detector 
including all future upgrades. 

6. D .3.a •. J:Q..n vgntional POw:.~I 

• Conventional power loads and their general location are presented in Table 6-4 
and Figure 6 ... 1. There are a number of items in the list which are not yet completely 
defined. Consequently, the total load estimate shown in the table is low. A reasonable 
assumption is that the final total load will be about 500 KVA, including a small amount 
of contingency . 

• 

• 6-9 

:::;; 

- ~_~-"""'~ __ ""~"""""'''''''''''''''''''''''1l~f'.'''''''''''''~ ____ ."''-~'' . 



STAR COl'\ceptual Design Report Chapter 6 ~ Facility Requinnents 

6.D.3.h. Isolated Clean Power 

The electronics systems used to collect experimental data are adversely affected • I 
by the electrical noise generated by conventional electrical equipment and by 
equipment which employ high power AC to DC converters. Therefore, an isolated, 
clean power distribution network will be required to supply power to these system.c;. 
Distribution panels will be located in the Experiment Hall and in the D.AQ and 
Electronics Building. The loads for this network are described in Table 6-4. • I 

Figure 6-1 shows a schematic layout of electrical power network. 

• 
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Table 6-4 STAR electrical power requirements. 

~li:an !:anl!.. 

.L.aiul111~g"ltign Load Spare Total Load Spare Total 
KWatt Frac KWatt KWatt KWatt KWatt 

INSIDE R.ETURN IRON 
SVTPreamps 7.2 0.25 9 

TPCEndCaps 30 0.25 37.5 
TOF PMT /Elec 8.1 0.25 10.1 

TOTAL 45.3 56.6 

OUTSIDE RETURN IRON 
EM Calorimeter 

PMTBases 0.24 0.25 0.3 

Laser System 1 0 1 
Source System 1 0 1 --EM Cal Total 0.24 0.3 2 0 2 

TPC Trigger 12 0.25 15 
XTPC . 

Electronics 4 0.25 5 
XTPCPS 24 0.25 30 
XTPC Electronics 24 0.25 30 

.1 
XTPC FE Electronics 24 0.25 30 

XTPCTotal 76 9S --"Laser Syste~s, etc." 
TPC Laser 9.2 0 9.2 
XTPC Laser 9.2 0 9.2 -

..... Mag Vacuum PUlnps 4 2 6 
Laser Systems Total 22.4 2 24.4 

TOTA.L 88.2 110 24.4 2 26.4 • 
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Table 6-4 (continued) 

• Clean .c.o.nL. 

LoadLLg,atian Load Spare Total Load Spare Total 

KWatt Frac KWatt KWatt KWatt KWatt 

• Bulldings 
Electronic Cart 

SVTPS 20 0.25 25 
SVTMisc. 12 0.25 15 

• TPCPS 60 0.25 75 
TPCGGD 18 0.25 22.5 

TPC Misc. 12 0.25 15 
T()FPS 16 0.25 20 
TOF Electronics 6 0.25 7.5 
Solenoid Mag PS 32 8 40 • 
Solenoid Mag Elec 6 0.25 7.5 
EMPS 4.8 0.3 6.24 
EM Electronics 6.6 0.3 8.58 

• EM FE Electronics 2 0.3 2.6 
Trigger Electronics 4 0.25 5 

Total Electronic Cart 167 210 32 8 40 
DAQRoom -DAQ Levels 2 & 3 • 

SVT 4 0.25 5 
TPC 18 0.25 22.5 

TOF 4 0.25 5 

• XTPC 6 0.25 7.5 
EM 4 0.25 5 
DAQGeneral 4 0.25 5 

Computer Systeot TBD 

• Work Stations TBO 

Total DAQ Building 40 50 

• 
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Table 6-4 (continued) 

Clean CQn~. 

LaadlLg,,,UaD Load Spare Total Load Spare Total 
KWatt Frac KWatt KWatt KWatt I<Watt 

Assembly Building_ 

Cryozenic System 
~ 

Control/Cold Box 2 2 4 
AuxilIary 2 2 4 

Crane TBO 

Safety TBO 

Total AsseInbly 'Building 4 4 8 

Utilities Building 
Non-interrupt. Pwr TBO 81 

Helium Compressors 150 50 200 -Water Pumps TBD 
Air Compressors TBD 
HVACSystem TBD e r 

effif\! Prod/Cire TaD -AirCircFan TBD --~--
Uti!!!~ Water Pumps TBD 
Safety_ TBD 

Total Utilities Building 150 50 200 
.! 

Buildings Total 207 260 186 62 248 

Total 296 370 210 64 274 .' 
• 
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STAR Conceptual Design Report Chapter 7 - Safety and Environmental Protection Issues 

7. Safety and EnyirQnmental PrJl.lectiQn IssU~5 

The safety issues at STAR are the same as any other RI-llC detector and have to 
be addressed in a RHIC-wide fashion. They include shielding requirements, access 
control, fire protection, laser's, cryogen's, electrical and Inechanical hazards. 

7.A. Shielding 

There is a need for access during operation to an area as close to the detector as 
possible. Presently there is a proposal to build a shielded room for electronic racks that 
reaches from a few meters from the detector to the outside of the interaction hall. Exact 
distances from the detector and shield wall requirements will be determined by RHIC 
management. All other areas that are to be occupied during operation meet the 
standards for a low radiation environment . 

7.B. Access Control 

The major questions about access are ho'w difficult it will be to gain access during 
short shut downs and what level of training and supervision will be required. STAR 
service scenarios call for retracting the pole tips 2.5 meters to allow for unrestricted 
access to the confined space within the detector. It is noted that there is a distinct danger 
of low levels of oxygen in parts of the hall and wi thin the detector interior. Oxygen 
monitors will be placed in and around the detector to help ensure that safe operating 
conditions prevail dw·ing maintenance . 

7.C. Hazardous Materials and Systems 

7.C.l. Flammable Gas Systems 

Fire Protection 

There are n\any sources of ignition and a large supply of fuel in an experiment of 
this size and cOlnplexity including plastic construction materials, electronic circuits and 
large volumes of flammable gases [= 10,000 liters J. There are two experiment areas that 
require special fire protection: the detector and the gas handling facility. Since the 
detector will be enclosed to provide a controlled envirorunent and will not be occupied 
during operation, it will be filled with dry nitrogen gas supplied from a liquid source. It 
is assumed that the system required to fill the central detector with nitrogen gas is a 
small modification to the environmental control system. The central detector systems 
are located in a Inagnetic field and th~refore require special detection equipment that 
will need to be reviewed by the fire and safety engineers. This area will require oxygen 
deficiency hazard (DDH) monitors, alarms, and an access procedure whi.ch utilizes the 
information provided by these elements. 

Major portions of the gas handling facility will be isolated from the rest of the 
buildings and will be protecfed with flammable gas detectors, emergency ventilation 
and sprinklers. Distribution will be done at the detector ,.vhere flammable gas detection 
will be provided. All exhaust gases will be vented outside the building using an 
approved system. Presently, existing requirements of the BNL ES&H standards are 
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incorporated in the design and any additional requirements of the RI-nC SEAPPM will 
be satisfied. This area will be supervised by a.senior member of the BNL staff associated 
with STAR. 

Lasers and Radioactive Sources 

There will be at least one pulsed UV laser used for calibration and monitoring 
purposes. The laser will be supervised by a senior member of the collaboration and will 
have the optical path totally .enclosed. Operation of the laser system will be in 
accordance with the BNL-ES&H Standards and the RHIC-SEAPPM. 

TIlere will be radioactive sources used for calibration, monitoring and setup 
purposes throughout the experiment. Many of these will be installed into ind.ividual 
detectors and will be supervised by a senior collaborator. General use sources will be 
secured in a storage area supervised by the STAR safety coordinator. 

7. C.2. Cryogenics 

Cryogenic Fluids 

There will be at least three significant stores of cryogenic fluids associated with 
STAR. The first is the helium used to cool the Inagnet and will involve several hundred 
liters and 'Will involve interaction with the machine system. The operation of this system 
will be done by experienced cryogenic technicians in accordance with the accepted 
Cryogenics Safety Codes; There will also be a several hundred liters of liquid argon and 
nitrogen used in the TPC gas supply system and for fire protection. These supplies will 
be located next to the gas mixing area and will be supervised by a senior member of the 
BNL staff associated with STARin accordance with the applicable safety codes. 

7.C.3. High Voltagel High Current Power 

,Electrical and Mechanical Hazards 

There are many low voltage high current supplies used to power the detector 
electronics. The output of these supplies is distributed to many individual circuit 
boards. Designs will include fuses or other devices that will liInit the current in each 
lead to well \.vithin its rating. The main magnet uses a low voltage very high current 
supply and large bus bar conductors. All high current conductors will be covered to 
prevent accidental contact independent of the voltage. There are many high voltage 
power supply and distribution systems in use that will be built with devices that 
prevent accidental contact with live conductors. All electrical systems will be designed, 
built and operated in accordance with NEe, BNL-ES&H Standards and RHIC·SEAPPM. 

The major mechanical hazards are associated with heavy objects and require that 
all people involved with handling them. be properly trained and be provided with the 
required equipment. There are no large volumes of high pressure gases or liquids. 
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STAR Conceptual Design Report Chapter 7 - Safety and Environnlental Protection Issues 

General Comnlent 

It is assumed that general safety systems in the halls (such as the hall sprinkler 
system, ODH monitors and smoke alarnls) will be provided by the RHIC project. 

There will be an internal STAR Safety Committee that will review all systems 
froIll initial design to final operation to ensure that the system conforms to all applicable 
safety standards. 

It will also be required that systems that have been disassembled for repair be 
inspected prior to operation in order to ensure that the safety related components are 
full y functional. 

7-3 



• 

• 

'. 
• 

• 

• 

• 

• 

• 

• 

8. 
Management 
Structure 
of STAR 

• : ~ , 1\" ! I ." ,I' ' I I, ",.: 1 I .' ", ~\ • '., : :1. ~I, I, ., • I, 1,1;, '; '\ I "/~ I 'II • ; I,' I" I ,: II \, J, I" ,I ,I I, ! I I, ',' 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

STAR Conceptual Design Report Cllapter 8 ... Managenlent Structure of STAR 

8....Manaaement Stmcture,gf STAR 

Displayed in Fig. 8-1 is the STAR management structure for the conceptual 
design phase. The STAR Council consists of representatives from each institution in 
STAR. A set of bylaws for governing the STAR Collaboration has been drawn up and 
ratified by the Council. A spokesman has been appointed to represent the Collaboration 
in all matters. It is expected that the structure on the teclmical side will evolve towards 
that shown in Fig. 8 .. 2, which is expected to be in place for the construction project . 
Details of this plan will be presented in, the STAR Project Plan. 
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Th~R Collaboration 

Spokesperson 
Council 

Harris 

Deputy ; I 
Spokespersons 

. PlatnerlHallman I 
- -

Acting Technical Comml 
Project Manager 

ttes 

Harris 

I I I I 
MainTPC SVT T~ Calorimeter External TPC 
Wieman Odyniec Bonner . Underwood Foley 

-- _._-
compU:J 

D~,QI Electronics Magnet 
Trigger Software 
LeVine Platner/Ritter Love Foley/Green 

- --
Conceptual Design Project 

Fig. 8-1. Management structure of STAR for the conceptual design phase of the project. 
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• Th= R Collaboration
, ,, . _ : i i, ,

Spokesperson .-----.---- Council

g
Deputy _.___.._......

Spokespersons

Technical
Director

Project f

Management "----'--"

I Magnet & Software Integration
Main TPC Detector Electronics Trigger & &

Support Simulations Installation

i i I 1
___._.L___.__ ..._.- i L-----_-- I

SVT EM Cal Ext. ]"PC TOF

Q STAR Construction Project

Fig. 8-2. Anticipated management structure of STAR for the construction project.
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STAR Conceptual Design Report 

~Cost, Schedule, Manpower a.nd Furullng 

9.A. Detector Scope 

Chapt.er 9 - CIS, Man-Power and Funding 

The STAR Phase 1 detector includes the following detector subsystems and other 
necessary elements: Time Projection Chamber, Superconducting Solenoid and return 
iron, electroniCS, DAQ, trigger, slow controls, and computing for these detector 
subsystems, structure and utilities needed to support the detector in the Wide Angle 
Hall, installation and testing of the detector in the hall, systems integration and project 
management. Accounted for separately, but assumed to be constructed on a time scale 
coincident with STAR Phase 1, are the SVT and EM Calorimeter and their associated 
incremental electronics, DAQ, computing, and installation. The list of potential 
upgrades to Phase 1 include two stages of Time of Flight (TOF) detector (a patch and a 
full 7776 plus channel system), and an External TPC (XTP) . 

The cost estimate presented in the following section is based on the detector 
described above and throughout this CDR document. The cost is based on a point 
design, the scope of which is defined in the STAR Parameters Notebook. In a strict 
sense, modification of the detector scope ,.vould result in a different cost estimate based 
on a different point design. The funds set aside in contingency are not meant to take 
scope changes into account. In a more practical sense, some minor changes in scope on a 
subsystem level can be expected to be accounted for in the contingency. (This is because 
a factor has been added in the contingency analysis called design state which boosts the 
contingency percent early in the design process.) The addition or subtraction of an 
entire detector subsystem, or a major change in the dimensions or electronics channel 
count, cannot be expected to be taken into account in the contingency. 

The cost estimate for the superconducting (SC) coil and cryostat is based on a 
budgetary quote received froIn a SC magnet vendor. Additional ven.dor budgetary 
quotes are expected in the near future and the estimate will continue to be updated 
based on this new information. A report will be issued when the first stage of this 
budgetary quote effort is completed, explaining the basis of our cost estimate 
assumptions. 

9.B. Detector Summary Cost and Schedule Estimates 

A cost estin1ating effort for the STAR detector was begun early in calendar year 
1992. Formal cost and schedule (CIS) estimating guidelines1 ",rere published prior to 
beginning this effort. These guidelines have been reviewed by a subset of Rl-IIC Project 
Managelnent, and a favorable response has been received2 , but the guidelines have not 
yet been forlnally approved. The Phase 1 detector cost estimate presented in this CDR 
represents the 4th formal iteration of the estimate and has thus received a fair amount of 
internal review. In section 9.B.I, the costs for constructing the Phase 1 detector are 
SUnlITlarized by major subsystem (WBS level 2). Further details of the cost estinlate can 
be found in the STAR Cost/Schedule Book, where each subsystem is presented to level 

1 STAR Cost & Schedule Procedure M.anual, Draft Rev 1, March 20, 1992, W.R. Edwards and C. R. Barney. 
2 Tom Ludlam, private comn'\unication, May I, 1992. 
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4 (5 in some cases). A detailed description of the individual WBS elements can be found 
in the STAR WBS Dictionary. 

The cost estimate for the upgrade detector subsystems did not receive the same 
amount of review as the Phase 1 detector. Section 9.B.1 also includes discussion of the 
upgrade detector costs and presents these costs in terms of the detector, it's front end 
electronics, and incremental DAQ, computing, and installation. The Cost/Schedule 
Book presents further details on these upgrades. These cost estimates should be viewed 
as more preliminary than the Phase 1 detector cost esti,mate. 

The schedule development effort was begun more recently. The schedule 
presented in section 9.B.2 is a high level sumrnary only and is supported by detailed 
PERT3 chart schedules for some subsystems, and summary level GAN1T4 charts for 
other subsystems. Schedule refinement and review will continue over the next several 
months until each subsystems' n1i1estone/ decision points, as well as their resource 
requirernents by fiscal year, are well understood. Current subsystem summary level 
schedules are presented in the Cost/Schedule Book for each of the WBS level 2 
subsystems (level 3 in the electronics areas). 

9.B.1. Level 2 Cost Summary 

A cost estimate summary for the STAR Phase 1 detector is presented in Table 
9-1a. All estimates are in fiscal year 1992, US dollars, as defined in the CIS Procedure 
Manual. The estimates include materials, labor, EDIA and contingency, and are based 
on a variety of inputs including vendor quotes, estilnates from comparable systems, and 
engineering estin1ates. The TPC, solenoid magnet, electronics, data acquisition, trigger 
system, controls, on-line computing, detector conventional systelns, detector testing, 
detector installation, systems integration and project management will be funded 
prilnarily by the RHIC construction project. Funding for TOF, EMC, and external TPC 
systems will be sought from other sources. The SVf-wruch is especially important to 
the initial physics program-will be supported through the prototype phase by RI .. nc 
R&D funds and constructed thereafter using other resources. 

The cost estimates for the portion of the detector to be funded from RHIC 
construction funds includes a detailed contingency analysis leading to an average 
contingency of 30%. Since the RHIC management will maintain $2M in reserves for the 
two large RI-IIC detectors, it has been agreed that the STAR contingency for the RHIC
funded part of the detector be reduced to 25%. 

The estimated cost of the STAR Phase 1 detector, including an overall 
contingency of 25%

, is $35.9M in FY92 dollars. 

The STAI~ collaboration is investigating a warm-coil option for the solenoid 
magnet. Preliminary cost estimates of this option (without the iterations and reviews 
that characteri.ze the superconducting"'coil option) indicates that the warm-coil option 
could reduce the cost of the n\agnet by $2.1M in FY92 dollars provided that necessary 

3PERT refers to a task logic chart format using task boxes and showing precessor /predecessol" 
relationships of tasks. 
4 GANTT refers to a bar chart fomlat showing dates and duration's only (not task logic). 
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facility/utility upgrades required by the warm-coil option are supplied by RHIC/BNL. 
Table 9-1b presents a comparison of conventional vs SC magnet costs. More refined 
estimates, and a decision between coil options will be completed in the near future. 

The STAR collaboration has also evaluated the level of resources available within 
the collaboration to offset costs associated with the RIDe funded portion of the detector 
and found it to be approximately $2.5M. Therefore, assuming that the cost savings of 
the normal-coil option are confirmed with additional estimates and vendor quotes, the 
amount of capital funding required from the RHIC construction project for the STAR 
Phase 1 detector is $31.3M in FY92 dollars. In addition, an R&D budget of 
approximately $4.0M in the years FY93-95 is necessary and is expected to be provided 
by the RHIC project. 

Presented in Table 9-1c are the cost estimates for the additions to the STAR Phase 
1 detector. The total cost for the SVT in FY '92 capital equipment dollars is $4.84 M 
including $1.11 M in contingency. The total cost for the TOF patch upgrade is $1.0 M 
including $0.23 M in contingency, while the cost for the full TOF system upgrade is 
$10.4 M including $1.91 M held in contingency. For the EM Calorimeter, the total cost is 
$9.1 M including $2.02 M in contingency. The total cost of the XTP upgrade is $2.6 M 
including $0.72 M in contingency. Additionally, a portion of the $4.0 M in FY '93-95, 
discussed above, will go towards continuing the R&D activities on these upgrades. 
Construction efforts on these upgrades will begin as money becomes available. 

The column headings in Table 9-1a (thru c) require some definition. The material 
column represents the sum of all costs associated with materials used in fabrication, 
procured items and expenses. The next column, Manufacturing Labor, represents all 
skilled (technician, machinist, and crafts) and tmskilled labor used in the fabrication, 
assembly, test and installation efforts. The EDIA (Engineering, Design, Inspection and 
Administration) column represents the costs associated. with engineering and design 
efforts, as well as the management and administrative efforts, for the life of the project. 
The next column, Subtotal, is the sum of the previous three columns. Contingency % is 
the weighted average value of contingency, and is presented as a percentage of the 
subtotal. When the dollar value of contingency is added to the Subtotal column, the 
resul t is the Total col Ulnn. 
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W-SS DESCR!PTlON MATERIAL MFGLABOR EDIA SUBTOTAL CON"ft'k TOTAL 

4.2 Time Projection Chamber 3,267 2,029 1 ,368 6,664 32.3 8,819 
4.4 Solenoidal Magnet 5,597 258 828 6,682 32.4 8,848 
4.7 Electronics 4,678 419 1 ,766 6,863 25.7 8,627 
4.7.1 Front end electronics 2.170 123 751 3,044 23.0 3,745 
4.7.2 DAQ System 1,271 92 735 2,098 24.5 2,611 

\I:> 
4.7.3 Trigger Systems 1,137 204 280 1,621 32.1 2,141 

I 4.7.4 Controls 100 100 30.0 130 
*~ 

4.8 Computing 1,058 398 515 1,971 35.6 2,673 
4.9 Detector Conventional Systems 1,144 99 531 1,774 29.7 2,302 

4.11 Detector insta!!a~ion & Test 474 764 426 1,663 45.3 2,418 
4.12 Project Management 258 1,281 1,539 13.0 1,738 
4.13 Systems Integration 289 1,270 1.559 24.0 1,932 

TOTALS 16,764 3,966 7,984 28,715 30.1 37,357 

TOTAL WITH 25% CONTINGENCY 28,715 25.0 35,893 

Table 9-1a STAR Phase 1 Detector cost summary (numbers in $K unless otherwise noted). 
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was 

4.4 
4.4.1 

4.4.2 
4.4.3 
4.4.4 
4.11.1.4 
4.11.2.4 

WBS 

\!) 4.4 
I 4.4.1 CJl 

4.4.2 
4.4.3 
4,4.4 

4.11.1.4 
4.11.2.4 

111,,
111 III'IIII1 
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Warm Solenoid Option 

DESCRIPTION MATERIAL MFGLABOA EDIA SUBTOTAL CONT% 

Solenoid Magnet 
Conventional Solenoid Coil 1,870 150 2,020 30.0 
Return Iron 2,050 150 2,200 36.0 
Cooling and Electrical Systems 350 45 395 36.0 
Magnetic Field Measurement System 213 79 153 445 47.3 
Solenoid Magnet Installation 15 64 23 102 40.0 
Solenoid Magnet Test 100 20 28 148 34.0 

TOTALS 4 s598 163 549 5,310 34.7 

Superconducting Solenoid Option 

DESCRIPTION MATERIAL MFGLABOR EDIA SUBTOTAL CONT% 

Solenoid Magnet 
Superconducting Coil & Cryostat 4,000 301 4,301 30.0 
Return fron 1,187 150 1,337 36.0 
Cryogenic and Electrical Systems 257 179 224 660 32.2 
Magnetic Field Measurement System 153 79 153 385 47.3 
Solenoid Magnet Instailation 15 64 23 102 39.7 
Solenoid Magnet Test 100 30 38 168 34.0 

TOTALS 5,712 352 889 6,953 32.6 

Table 9-1 b Comparison of warm and superconducting solenoid COS is for STAR Phase 1 Detector 
(numbers in $K unless otherwise noted). 
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was DESCRIPTION MATERIAL MFGLABOR EDIA SUBTOTAL CONl% TOTAL 0 
=' a 

4.1 Silicon Vertex Tracker 797 241 383 1,421 33.1 1,891 "'0 -c 
4.7.1.1 SVT Front End Electronics 1.136 81 632 1,849 26.1 2,332 e 
4.7.2.1 SVTDAQ 218 49 29 296 28.4 380 ~ 
4.8.1 SVT Computing 20 34 45 100 42.3 142 (J) 

4.11.1 SVT Installation & Test 25 18 20 63 47.S 94 
C§. 
~ 
Cl) 

TOTALS 2,196 423 1,109 3,729 29.8 4,839 "g 
:.:J. 

4.3 TOF Subsystem Upgrade- Option A 166 65 21 252 17.9 297 
4.7.1.3 Time of Flight Electronics 100 25 125 250 31.1 328 
4.7.2.3 TOFDAQ 58 7 18 82 25.S 104 
4.B.3 TOF Computing 20 34 25 80 40.4 112 
4.11.3 TOF Installation & Test 25 41 30 96 58.1 152 

\0 
&. TOTALS 369 172 220 760 30.5 992 

4.3 rOF Subsystem Upgrade- Option B 4,174 850 24 5,048 16.5 5,883 
4.7.1.3 Time of Flight Eiectronics 2.510 515 137 3,162 30.7 4,132 9 
4.7.2.3 TOFDAQ 58 7 18 82 25.6 104 

Co) 

"'0 

4.8.3 TOF Computing 20 34 25 80 40.4 112 ;-... 
4.11.3 TOF Installation & Test 25 41 30 96 58.1 152 \0 

I 

(") 

TOTALS 6,787 1,447 235 8,469 22.6 10,382 
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Table 9-1c Additions to the STAR Phase 1 Detector (numbers in $K unless othervyise noted). 
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WBS DESCRIPTION MATERIAL MFGLABOR 

4.5.1 Barrel EM Calorimeter 3,583 811 
4.7.1.5 EWCFEE 1,047 203 
4.7.2.5 EMC DAQ 40 5 
4.8.5 EMC Computing 20 39 
4.11.5 EMC Installation & Test 30 103 

TOTALS 4,720 1 t 160 

'P 
~ 4.6 XTP Upgrade 522 389 

4.7.1.6 XTP Front End Electronics FEE 268 55 
4.7.2.6 XTP DAQ 117 13 
4.8.6 XTP Computing 40 37 
4.11.6 XTP Installation & Test 31 39 

TOTALS 918 533 

Table 9-1c con't 

I ~III' , 'I' jill' '~ 

• • 

EDIA SUBTOTAL CONT% 

972 5,365 27.0 
100 1,349 32.5 
37 82 11.4 
54 114 - 43.3 
20 152 48.8 

1,183 7,063 28.6 

156 1,066 38.3 
90 413 41.0 
18 148 27.8 
62 139 84.0 
18 88 88.0 

344 1,854 38.7 

• 

TOTAL 

6,8i2 
1,787 

92 
163 
226 

9,080 

.1,475 
582 
189 
197 
128 

2,571 
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9.B.2. STAR Schedule Summary 

An overall project summary schedule is shown in Figure 9 .. 1. Each of the lines in 
this project schedule show the full duration of each of the activities listed. In other 
words, the duration depicted in the design line, for example, is from the beginning of 
the earliest starting design task to the end of the latest finishing design task. A more 
det~iled schedule for each subsystem is presented in the STAR (~ost/Schedu1e Book. 

The relatively aggressive schedule for STAR construction is based upon success 
and the receipt of funding necessary to support R&D, design and construction activities. 
Given the above assumptions, the schedule is possible but aggressive. It goes almost 
without saying then that delays in funding for any reason, will result in a corresponding 
delay in the completion date fo~ STAR . 

. Recently, a slight slip in the commissioning complete date for the RHIC machine 
was announced. The new completion date is August 1997. This has been taken into 
account in the majority of the schedules presented in the Cost/Schedule Book and 
summarized here, but only by allowing an additional 4 months of testing and repairs to 
the completed detector. In other words, the delivery dates for individual elements of the 
detector have not changed since before the an.louncement. Bluntly, this serves as 
breathing room for final detector shakedown or schedule contingency for a late arriving 
cri tical element. 

9.C Project Manpower Resources by Subsystem 

Presently there are 24 institutions and 170 physicists and engineers in the STAR 
Collabora tion. From this it is expected some amount of existing resources for 
constructing and operating the STAR detector will be. available. A survey of 
collaboration resources has shown possible contributions in the areas of engineering, 
techrlical support, and cOInputing. A precise accounting of the collaboration resources 
however, is complicated by the fact that for the resources to be effective they must be 
carefully matched with the projects outlined in the STAR Work Breakdown Structure 
(WBS). 

The matching of resources and projects is a complex process. Account n1ust be 
taken of institutional capabilities, thne constraints, funding constraints, communications 
difficulties, and project scope. Additionally, it is necessary to account for the 
assumptions made in costing a given element of the STAR WBS in order to correctly 
credit resources which nlay be applied to that element. 
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The resources accounted for in the STAR Collaboration thus far sum to approximately 
$2.5 M. Areas in which the matching of resources has been possible include: 

• Testing of TPC electronics 
• Mapping of the STAR magnetic field 
• Construction of a laser c.alibration system for the Ti'e 
• Testi.ng of the TPC pad plane sectors 
• Professional softvvare support 
• Construction of the STAR lTigger system 

The process of identifying and applying resources will continue thrl~\ughout the life of 
the project. It is expected that as details of the Project Plan for STAr~. are worked out, 
further areas will be identified where significant contributionsl from within the 
collaboration can be made, and the effort to apply resources to the STAR project 'will be 
accelerated. It is also expected that some resources will become availl~blt~ from the IunC 
project through the operational support normally given to detector projects of this 
scope. The degree of support which may be expected from ru-nc is pr.esently under 
discussion. 

9.0. Funding Profile 

The current estimated funding profile for the STAR Detecto:r is shown in Figu.re 
9 ... 2. This funding profile assumes that the detector is complete in August of 1997 .. 
Assembly of the detector ,vill, for all intents and purposes, be completed in April of 
1997, the following 4 months being spent perforrning tests at boH, the subsystem and 
system level and making last minute repairs. 

As can bt~ seen in Figure 9-2, the shape of the suggested RfUC Det.:ctor funding 
profiles is not completely inappropriate for STAR. How'ever, if this proposed profile is 
flattened and drawn out beca,use of DOE iInposed RHlC project funding constraints, as 
stated previously, the STAR detector schedule will slip out beyond Au.gust of '97. In 
other words'l there is very little leeway in this proposed funding plan. Table 9··2 presents 
a mOl'e detailed breakdown on a major subsystem level of the funding requirements. 

In taking a more detailed look at Figure 9-2, the funding for the rir:;t 2 years is in 
excess of what we currently think we require; this is obviously not a problem. l-Iowever, 
in years :1 & 4 (FY's '94 &. '95), we see a discrepancy in proposed vs, required funding. 
The reserve from the previous 2 fiscal years does not m.ake up for this discrepancy. Note 
also that hnplicit in these funding profile estirna'tes is the assumption that large 
prOCu.renlent contracts, which spread out over 2 01' more fiscell years, can be paid for 
over the same period; in other words that progress payn\en.ts cain be negotiated between 
all involved parties. If this is an inappropriate assumption, the leffect willloe to move the 
profile forward to pay for thf~se items in the fiscal year that the contract is initiated. This 
wou.ld most likely result in a need for a more forward loaded funding profile. 

-.. --,-.. -.---.. ~.--.-
5 As pres.ented in the detector project CDR Guidelines frOln T. Ludlam. 
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Figure 9-2 RHIC planned and STAR preferred funding profiles by fiscal year. 
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PREUMINARY DRAFT Proposed Funding Profile for the STAR Detector 
I (Assuming August '97 Completion) 

Super Task or Subproject Fiscal Year ($K) 
'92 '93 '94 '95 '96 

Pro). Management 50 300 350 350 325 
Detector Integration 60 450 340' 300 250 
SC Magnet con Procurement 20 900 2500 1500 400 
Return Yoke Design 15 75 50 10 
Return Yoke Fabrication 700 485 
Supp·t Str" & Alignment Sys Dsgn 10 100 100 80 
Supp't Str. & Alignment Sys Fab 600 150 
TPC Mech Design 100 525- 450 225 100 
TPC Mech Fabrication I 300 1500 3000 500 
TPC Elecironlcs DesIgn I 50 200 200 200 100 
TPC Elect,. Fabrlcatlon 200 500 1200 400 
DAQ Dsgn " Fabrlcatfon 150 400 1000 550 
Trigger Detector Design 50 90 90 50 
Trigger Del. Fabrication 60 300 700 2S0 
Controls System Fab. 100 
Utilities/Safety Systems Design 50- 50 60 20 
Utilities/Safety Systems Fab 100 250 1 !iO 
Computing Software Effort I 150 200 175 125 
Computing Hardw8ie Procurement 100 150 550 470' 
STAR Detector Installation 600 760 
Contingency (25%) 100 500 2200 25001 1500 

'92 '93 '94 '95 '96 

I Total $ by Fiscal Year: 405 4110 10780 13525 5980 
Free Resources by Fiscal Year: I 0 200 600 sao 650 
Net Funding Req'd by Ascal Year: 405 3910 10180 12725 5330 
Total Planned $ by Fiscal Year: 624 5304 9048 8424 7800 

Percent of Project Total: 1.21 11.70 30.41 38.08 15 .. 95 
RHIC Planned Proflle: 2 - 17 29 27 2S 

- -- -- -- - -

Table 9-2 The STAR prefwed funding profile (all numbers in $K). 
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Appendix 1; Hit .. findins A1&Qrithms in the Simulated TPC 

The 'IPe response was simulated using the event generator FRITIOF for the case 
of central Au-Au collisions at -Vsnn=200 Ge V. Tracking of the particle trajectories was 
done using GEANT. A detailed study was carried out for one sector of the TPC, 
including all effects thought to be important; eog., energy-loss fluctuations, diffusion, 
wire-crossing angle, dip angle, electronic shaping, amplitude bin.ning. The pad 
geometry was 8x20 Inn\2. 

Figures AI-l and Al-2 are linear plots of the pad response, in a restricted range 
of time bin (250-300) and pad nUlnber (40-80), for an Au-Au central collision, for 
padrows 20 and 22. Pad row 20 occurs at radius -90 cln. Exa.mination of these 
histograms produces the following observations: 

1) Even at this small radius, rnost of the tracks produce hits which are cleanly 
separated from their neighbors. 

2) Using the labels to aid in identifying hits, one notices that tracks which produce 
hits which are not cleanly separated in one padrow become detached within two 
padrows. 

These observations provide a basis for optimism that, even in densely populated 
padrows, algorithms can be developed which can either ignore unresolved hits or use 
the inforn\ation in neighboring padrows to unravel these compound clusters. 

An attempt was rnade to find space points using the sirnulated pad response. The 
results shown in Fig. Al-2 represent pad row 50 (radius -150 em), also for the Au-Au 
central collision. Here the entire pad row is depicted. The rectangles represent peaks 
found by the candidate hit finder, in this case one adapted from the CERN NA35 TPC 
analysis program. These early results are encouraging; in particular, the success rate for 
finding space points at this outer radius is probably sufficiently good so that it can be 
used in a trigger decision application. 

A.-l 
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PAD RESPONSE 

280 
i4 . 

270 '2 
2&0 

250 
40 45 !SO 55 60 65 70 75 80 

tim. bin VI pod number 

PAD R£SPONSE 

29(.l 

i1 
280 

3 

270 

2&0 

lime bin 11'1 fXld number 

Figure Al-1 Linear plots of pad response for a portion of pad r0UJ5 20 and 22 for the case ~f a 
simulated A,u-Au central collision. 
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Figure Al-2 Responses on pad row 50 for a simulated Au-Au central event. Hits found by the 
algorithnz described in the text are shown as superimposed rectangles. 
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Aw.mdix 2: Alternate Technology Choices for the DAQ Architecture 

Use of Fibre Channel Gigabit Networks in STAR DAQS 

Appendices 

This investigation of appropriate technologies for STAR DAQS has been based 
on the following principle: the larger the application base for a particular technology, 
the more robust and cost-effective its implementations will be. Therefore, provided that 
technology choices meet STAR DAQS performance and cost goals, DAQS design should 
strive to maximize the use of commercially built and supported components. 

Fibre Channel Gigabit Networks 

Fibre Channel1,2,3 is a new bi-directional serial data communications standard 
available at speeds of 132, 266, 531, and 1063 Mbits per second. In many respects, Fibre 
Channel can be viewed as logical outgrowth of the HIPPI (High Performance Parallel 
Interface) standard. Like the I-llPPI standard, Fibre Channel provides a high .. speed 110 
channel between processors and/or peripherals. However, in addition to providing 
near-HIPPI performance, Fibre Channel also eliminates the reliability and length 
problems associated with parallel copper interconnects and bulky, expensive cable 
plants. 

Early Fibre Channel connection topologies will be in the form of high 
performance cross point switches. These switches are based on multi-stage CLOS
switch designs (sirnilar to telephone exchange designs) and can be configured to be 
completely non-blocking (e.g. all available inputs routable to all available outputs). A 
key feature of these switches is the ability to provide simultaneous full bandwidth 
communications channels between all connected input and output ports. Thus a 64 
node s'witch has a bandwidth of 1 to 4 C~Byte/sec. These individual and aggregate 
channel rates make this standard a natural choice for exchanging large volumes of data 
between closely-coupled, high performance computers. 

The switching time required to "~ake-up" or "tear-down" these connections is 
currently in the 100 Jlsec range and is expected to approach 10 Jlsec within several years. 
Note that the actual rnaking and breaking of these connections is accomplished by the 
fabric itself as implied by the packet header inionnation supplied by the sender. These 
fast switching times, combined with the high data transfer rates described above, make 
Fibre Channel an excellent comlnercial technology for distributing experimental data 
from a series of front-end processors to one or more event builder processors. The rapid 
connect times make it possible to "scale up" the available event builder processor 
bandwidth by the cOIUlection of additional processors to the Fibre Channel switch. The 
only architectural restriction on these additional processors is the amount of space 

1 "Effects of Various Event Building Techniques on Data Acquisition System Architectures", Ed Barsotti, 
Alexander Booth and Mark Bowden. In proceedings of CHEP 90, Santa Fe, April 90. 
2 "High~Performance Switching with Pibre Channel", Terry M. Anderson and Rob(~rt S. Cornelius. In 
froceedings of IEEE Spring Compeon 92, San Francisco, Feb. 92. 

"Distributed Computing with Fibre Channel Fabric", Kumar Malavalli and Bent Stovhase. In 
proceedings of IEEE Spring CompCon 92, San Francisco, Feb. 92. 
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required. Thus, event building capacity can be added as experiment requirements 
dictate by the addition of the latest, most cost-effective computing technology available. 

Fibre Channel Performance 

As with HIPPI, Fibre Channel design has been driven by the requirements of a 
very high speed I/O channel. The Fibre Channel protocol is based on variable length 
packets of up to 2148 bytes with a data payload of up to 2112 bytes. At; this is a 
dedicated medium standard, packets can be sent almost back-ta-back (6 intervening 
byte times required) to obtain data throughput rates very close to the medium's actual 
bit rate. 

The protocol provides effective flow control based on the exchange of buffer 
availability information at the interface level and transmission sequences are only 
begun when sufficient receiver buffer memory is guaranteed to be available. Moreover, 
the requirements of such high data transfer rates has led to the inclusion of smart 
"scatter/gather" memory controllers in current Fibre Channel interface designs. The 
resulting designs are able to perform fully flow-controlled high speed data transfers 
from sender task memory directly to receiver task melllory with no intervening data 
copy operations--exactly the kind of high performance data transfer design required for 
STARDAQS. 

DAQS Design 

The Fig. A2-1 shows one possible implementation of a Fibre Channel-based 
I)AQS. In this design, compressed data is sent from TPC readout boards over non-Fibre 
Channel optical links to a small set of sub-event builder systems. These sub ... event 
builders would contain a readout board interface, a Fibre Channel interface, and 
sufficient buffer memory to contain the appropriate portion of a complete event. Within 
these sub-event builder systems, the readout board interfaces would receive event data 
fronl a number of readout boards and collect it into a single buffer memory (i.e. a sub
event). This sub-event would then be sent over the Fibre Channel interface to an event 
builder that had been selected to collect the entire event. The actual transfer from sub
event builder to event builder could be "pushed" (i.e. written) by the sub-event builder 
systems or "pulled" (i.e. read) by the particular event builder constructing a particular 
event. Several programming mechanisms could serve to insure the upushing" or 
"pulling" of appropriate sub-event pieces during the event construction process. For 
event rejection purposes, readout boards containing TPC trigger information can be 
routed to a single sub-event builder, and that portion of the event can be sent to a 
dedicated trigger processor in addition to being sent to the event builder. Queues of 
accepted event id's can then be distTibuted to all event builders so that appropriate sub
events can be discarded or kept for complete event building and logging. 

If Fibre Channel component costs fall quickly enough, it may be feasible to 
embed Fibre Channel interfaces in the chamber-mounted electronics. In this case, by 
collecting together data from a number of readout boards, data would flow off the 
chamber via Fibre Channel directly into a Fibre Channel switch ("fabric") and then to a 
number of commercial j high"'performance compute servers that will function as event 
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Figure A2-1 STAR Fiber Channel event builder. 
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builders. Once assembled, events will flow over the same fabric to workstations for • 
further on-line analysis and to storage devices either attached directly to the fabric or 
attached to standard interfaces on other fabric nodes (see Fig. A2-2). Such a design 
would probably require a switch with a greater number of cross connects and design 
decisions would be based on implementation costs. 

A Fibre Channel Testbed 
Since the key architectural use of Fibre Channel in a high performance DAQ system is 
that of data transport to and from the event builder, our initial efforts will center on the 
design of a Fibre Channel event builder. We will begin by investigating the performance 
and reliability of a simple two front-end, one event builder system utilizing a 16 port 
Fibre Channel communications switch provided by Ancor Communications (see Fig. 
A2-3). Test front-ends will be VME ... based systems with commercially built VME/Fibre 
Channel comrrlunications interfaces. This testbed will allow us to evaluate various 
techniques for buffering front-end data and performing event building during front-end 
readout. As we view the ability of scaling up event builder processor bandwidth as 
critical to the DAQS architecture design, we will follow these initial tests with an 
implementation of a n1ulti-processor event builder system. 
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Figure A2-2 Fibre Channel based DAQ . 
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Since we believe that the STAR data acquisition system will benefit from the use 
of commercial computer standards and products, it is critical to have real "hands-on" 
experience prior to making technology choices . 

DAQSCosts 

Design of a Fibre Channel-based DAQS will be heavily driven by the degree of 
Fibre Channel's commercial acceptance. It appears that there will be strong initial 
interest in the 266 Mbit version of the standard. This will be based on the wide range of 
applications that. will benefit from 25 Mbyte transfer rates (disk farms, imaging 
applications, etc.) and the relatively low cost of the 266 Mbit optical components. 
Further study will determine whether this version.of Fibre Channel proves fast enough 
for most (or all) STAR data transport needs . 
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Using current prices, Fibre Channel switch port connections are priced at about 
$1.5K per port. Approximately $l.lK of this cost is in the Fibre Channel controller 
interface with the remaining $400 for 266 Mbit optics parts. l.Gbit optics are currently 
priced at about $lK but reductions can be expected. Chamber-mounted embedded 
interfaces will be of the same order in cost. 
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Appendix 3 .. SVI: Iranspo.Il..Code in Silicon 

Simulations of Si Drift Detector Response 

Appendices 

In order to optimize the design of the SVT and to interpret the results of 
laboratory tests it is necessary to have a software package which reproduces the 
expected response of the ,SDD. The development of this software will proceed in three 
steps. First, the current on the anodes of the SDD due to the passage of charged particles 
will be calculated using a simple simulation of electron transport in the detector. This 
simulation will include the detailed field due to the applied voltage, the field due to the 
charges thelnselves, the Inagnetic field of the solenoid, Landau fluctuations in the 
created charge, diffusion, and the anode geometry. Next, the anodecu!rent will be 
parameterized in terms of the position, angle, energy, and charge of the i~cident 
particle. Finally, this parameterization will be put through a software representation of 
the SDD electronics. "TIle first step of the process is nearly complete, and will be outlined 
in this section. 

The evolution of the electron cloud with dme can be found by converting the 
continuity equation into a difference equation and using it to propagate the electron 
density on a 3 dimensional grid. We have rejected this approach due to the prohibitively 
large arrays needed to represent a SDn chip, and because the solution of the second 
order non-linear difference equation is unstable. Instead, we individually track the 
motions of the electrons, separating the drift due to the electric field and the diffusion 
into separate steps . 

The electron cloud p produced by an ionizing particle in silicon evolves 
according to the following equations: 

iJp ---=-V·J 
at 

1 = 1 dtift + 1 diffusion 

I drift = vp = J.LEp 

1 diffusion = DV P 

Instead of following the evolution of p with time, we follow the trajectories of the 
individual electrons. The drift equation for an electron at r is simple: 

df -
d"t=J.lE 

Therefore we only need to solve first order orditlary differential equations. The effects 
of diffusion over each time step can be added on at the end of each step using Monte 
Carlo techniques. 
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A sample simulation is shown in Fig. A3-1 for a 6 Ilm/ns drift velocity. The 
electron cloud is rapidly compressed into the central plane of the detector and 
transported towards the anodes on the right (not shown). 

The expansion of the electron cloud due to its own Coulomb field can be added 
by applying Coulomb's law for the E field due to a point charge. For each electron, we 
can calculate the E field looping over all the other charges, and combine the result with 
the applied field before stepping to the next point. Unfortunately, this very CPU 
intensive operation goes as the square of the number of electrons. It is not feasible to 
carry out this calculation on the 25k electrons expected due to a minimum ionizing 
particle. However, instead of looping over all of the electrons, vve can loop over a 
representative sample and increase the elementary charge to compensate for the smaller 
sample size. We have found that 100 sample electrons can be used to accurately 
represent the field. 

Figure A3-2 shows the rms radius in the SOD plane for an initial track of 25,000 
electrons as a function of time. The track was assumed to have normal incidence, and to 
produce a cylinder of electrons 1 Ilm in radius. The curve is the analytic result due to 
diffusion only, and closely matches the diffusion only simulation. 

We have studied the influence of the angle of incidence on the width of the 
electron cloud. Tracks whose angle with respect to normal incidence exceeds 40° have 
significantly extended widths. Thus, it may be possible to actually recover the angle of 
incidence for some tracks using the deviation of its width from that expected due to 
normal ir..cidence. 
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Figure A3-1 Sample SDD simulation for 6 j.1m/ns drift. 
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,-------------, 

o 25k electrons 

150 .. 

100 
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o E!r-'---L.--'--'--..J.......&-....L..-.L.......L. • .1..--'-, .-..L.-...L..' ~..J 
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Figure A3-2 RMS radius for initial track of 25,000 electrons as a functi011 of time. 

The SDD will be placed in.a 0.5 T field. The field will bll! parallel to the drift 
direction .. causi.ng the electrons to be deflected by the ~orentz a,ngle only when they 
nlove perpendicular to the beam axis. Such movement occurs during the earliest stages 
of the drift, as can be seen in Figure A3-!. The effect on the final it.dectron distribution 
collected at the anodes would be a slight broadening of the distribution. Our simulation 
shows the effect on the width of the distribution after 1 ~s to be! muLh less than the 
broadening due to diffusion. Non-perpendicular tracks are a nU,lch more significant 
source of broadening. The effects of Landau fluctuations along thcle ionization trail will 
be added before conclusions are drawn from the simulations. 

The next step is to use the simulations to pa;ametel'ize the current induced on the 
anode pads due to tracks at different distances from the pad royi'S and different angles 
of incirlence. These calculations will provide a detailed understanding of the position 
resolution of the SOD chips. Thus we will be able to set the sarnpling frequency, drift 
voltage, and chip overlap (if any) to meet the resolution dictated by the STAR physics 
objectives. 
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Appendix 4 

Table 4-1 Table of Materials at 11:: 0 in STAR. 

Length Density Lr L*p L*p/Lr 
Structu.re Material (em) (g/cm3) (g/cm2) (g/cm2) (%) 

Beam pipe Be 0.025 1.850 65.200 0.047 0.07 • 
SVT Silicon 0.090 2.330 21.820 0.210 0.96 

SVTtube Graphite 0.14 1.68 42.00 0.235 0.56 

e~oxy • TotalSVT 1.52 -
I 

InsulatiI~.a gas I'~2 30.000 0.001 37.99 0.038 0.10 -TPCIFC Alwninum 0.009 2.70 24.01 0.024 0.10 . • Kapton 0.015 1.42 40.30 0.021 0.05 

Kevlar 0.061 1.44 41.30 0.088 0.21. 
Nomex 0.635 0.05 40.00 0.030 0.08 

Adhesive 0.010 1.20 40.00 0.012 0.03 

TotalIFC 0.,57 • 
1---

TPCGas , PI0 150.00 0.00178 19.55 0.267 1.37 
TPCOFC Copp~ 0.007 8.91 12.90 0.062 0.48 

Kapton 0.008 1.42 40.30 0.011 0.03 • 
Ml'lar 0.315 1.39 39.95 0.438 1.10 - .. 
Aluminull'l 0.4 2.59 24.01 1.036 4.31 

1"'-

Honeycomb 4.8 0.037 24.01 0.178 0.74 
Adhesive 0.1143 1.20 40.00 0.137 0.34 --- • Total TPC 8.37 
I~- -

-.. 
Solenoid Aluminuln 6.3 2.59 24.01 16.317 6/.96 - --

-" 
Total 78.49 • - --

• 
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