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1.0 INTRODUCTION AND DETECTOR OVERVIEW

A new internationaicollaborationhas beenformedto proposethe designandconstructionof a
largedetectorfor the SSC. Building on the previouswork of the L and EMPACT/TEXAS
collaborationswe were able to form a strongcore for a new collaboration,which intendsto
proposea major detectorcombining precision measurementsof leptons and photons, androbust
muondetectionfor the SSC. This collaborationincludesalmosttheentiresetof U.S. groupsfrom
both the L* and EMPACT/TEXAS Lettersof Intent aswell asseveralimportantnew groupswho
havenot beenpreviouslyinvolved in SSCproposals.This representsa strongcorearoundwhich
to build the plans for this detector. We intend to have an open policy both with respectto
individualsandnewgroupsbeingadded,at leastthroughtheperiod of preparationof the L0I. At
the time of this submission,our collaborationcontains over 300 collaboratorsfrom over
50 institutions. Each individual collaboratorhas made a specific commitment to devote a
significantfractionof time to this project.

It is our full intention to form a broad international collaboration, and we already have
collaborating groups from Brazil, China, Germany, India, Japan, Romania, and the SovietUnion,
and are carryingon preliminarydiscussionswith severalother groups.

We will negotiatemajor responsibilities within the collaboration,and define the commitments
from non-USgroups once this experimenthas receivedpreliminary approvals to proceedtowards a
Technical Proposal. The process of obtaining and expanding foreign participation will be
facilitatedby 1 the preliminary approvals and 2 a clearly establishedframework in which this
experimentmay move forwardon an equal basiswith SDC. Despitethe extremely short time for
formation of the collaboration, evenprior to thesesteps,the clear physicsprinciples which are at
the basisof our new collaboration have enabledus to awact a number of non-U.S.groups, despite
the present asymmetric status of this experiment vis a vis SDC, and the series of previous
rejections of proposals.

This new collaboration was formed in June of 1991, with the first collaboration meeting on
June 18, 1991. Therefore this document, submitted in early July of 1991 is very preliminary. The
fact that we are able to submit an E0I at this early stageis due both to the quick convergenceand
dedication of the new group, and to the fact that we were able to build on the hard work and
expertisedevelopedin preparing the the L , TexasandEMPACTEo!’s, the reports to the PAC in
responseto detailedphysicsquestionsin mid-1990,and the l.. and EMPACT/IEXAS LoPs. We
note that the collaboration is so new that we have not yet facedwhat may be the most difficult
decision,i.e., naming the detector, but we hope to make someprogress on this issuein the near
future.

I. 1 Physics Goals

The physics goalsof a large high pr detectorfor the SSC are centeredon the topics that form
the main justification of the construction of the SSC-namelythe elucidation of the physicsbehind
the electroweaksymmetry breaking that is expectedto explain the massspectrumof the physically
observedgaugebosonsand fermions. This implies the search for the Higgs boson,technicolor,
supersymmetry,as well as the search for new quarks, leptons, is andW’s, as discussedin more
detail in Chapter 2 of this E0I. In addition to these topics one has always to prepare for the
unpredicted or unknown new phenomena that nature might have in store for us. These



considerations,as well as the realization that someof thesesearchesmight necessitatethe highest
luminosities attainable at the SSC, lead to the desirability of two large high p.r. 4ir detectorswith
complementarycapabilities.

1.2 Design Philosophy and Detector Parameters

The SDC collaboration has receivedencouragementfrom the SSC to developa design for a
large general purpose detector for the SSC. It is our intent to design a complementary detector,
with a compact tracker, precision calorimeters and an extensivemuon system, to cover new
physics ground necessarilyleft uncoveredby SDC. This implies severalthings. First, the design
of the detector will emphasize the precision measurementof electrons, muons and gammas.
Second,there should be a substantial overlap in the capabilities of the two detectors at the SSC
design luminosity of l0 cm-2 sec1 to provide competition andcrosscheckson the hopefully
numerous new discoveriesat the SSC. To achievethese goals, we believe the detector should
have hermetic electromagneticand hadronic calorimetry andcentral tracking in a magnetic field.
Another important designconsideration is to preserveas much of these capabilities as possibleup
to the highest luminositieseventually attainable at the SSC.

The aboveconsiderationslead to the following detector parameters:

1. Precision muon momentum measurementoutsideof the calorimeter. The main reasonfor
this is that making the muon momentum measurementsoutside of 10 to 12 interaction
lengths of absorber gives us robustnessto the highest luminosities. Ourdesigngoal is a
precision of - 5% for 0.5 TeV muons at a luminosity of 1O or higher. We believe that
the most economicalway to achievethis goal is to have high precision muon chambersin a
largemagnetic field free of iron.

2. High precision electromagnetic calorimeterswithout a magnet coil in front of them. The
designgoal is a resolution of EsEiE = 1.5 or 7%/rE ® 0.5%. The high precision of
1.5%/’rE is characteristic of totally absorbing crystal calorimeters while 7%/4r is
about the best that one canachievewith sampling calorimeterssuch as lead-liquid argon or
lead-scintillator calorimeters. We are presentlystudying the performancevs. costof these
two basic designgoalsandplan to make the choicebetween them in the near future.

3. Hermetic, projectivetower geometry hadron calorimetrywith energyresolution of the order
of AEIE = 50%/il!’ G 2%. The total thickness of the EM and hadronic calorimeters
should be 10 to 12 interaction lengths. We are considering performance vs. cost
optimization both with respectto different technologiesand other possibilities such as a
finely segmentedfront end, where most of the energy is deposited,with a more coarsely
segmentedtail end, whosemain purpose is to detect large fluctuations in the depth of
energy deposition.

4. Central tracking in a magnetic field. The goals of our tracker are more modest than for
SDC, and we expectthe radius of the central tracking to be 1 meter or less.The detailed
goals and technologieswill be definedby studies in the comingmonths.
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L3 DetectorArchitecture

An illustrativeexampleof how theaboveparameterscanberealizedin a self-consistentdetector
architectureis shown in Figs. 1-1 and 1-2. In this example, an 8 to 10Kg magnetic field for both
the muon momentum measurementandthe centraltracking is provided by a large superconducting
solenoid. This baselinemagnet hasbeenthe basisof our initial cost and technicalconsiderations.
The coil has iron poles at the two ends but no flux return coils or iron in the barrel region.
Preliminary studies of the effect of such fringe fields, from the standpoint of the accelerator,
safety, and logistics of the experiment, are encouraging. Further study is clearly necessary;
however, this possibility representsa substantial savings$50M in iron or coil costs.

The length of the magnet is driven by the desire to keep goodmuon momentum resolution in
the small angle region in the rapidityrange of- 1:5 to 2.5. Possiblewaysof reducingthe length
of the magnet by either shaping the field in the forward region or by the use of externalmuon
chambersare under study.

The outsidedimensionsof this magnet are the largestwe envision.Furtheroptimizationstudies
will possibly reduce the sizesomewhat but not increaseit significantly. Such a magnet will fit
conveniently into the hail that hasbeendesignedat interaction region WI, wherethis detectorwill
presumably be located. Thus the detailed design andconstruction of the experimentalhall can
proceedas presently envisioned. This is an important consideration since a redesignof the hall
would causean unacceptabledelay in its timely completion.

Our general strategyis to evolvethe final magnet from this base-line magnet, after doing an
integratedoptimization with the various subsystemsperformanceandcosts. The magnet and
structurewill beaframeworkfor building the detector, in which we plan to include somepossible
stagingof detector systemas well as the ability to add capability in responseto early SSCphysics.

1.4 Preliminary Cost Estimate

In the short time available, a detailed engineeringdesign and an accompanyingbottoms-up cost
estimate, especiallyof some new ideas, were not possible. However, a lot is known about the
costsfor both L* and E/’F proposed subsystems;therefore to get an indication of the cost of a
detector with the parametersdiscussedabove, we have used the L* and EMPACT/TEXAS
engineeringdesignsanddetailed costestimateswith a "straw-man" detectorusing a configuration
that can be reliably costed from that work. Both the L* and SDC cost estimateshave been
reviewedby an SSCcost review panel the Theriot panel. They found the basic cost estimates
generally sound, but increasedthe EDIA costsandcontingencyestimates. The increaseamounted
to an overall increaseof - 40% of the basecostsestimatedby L seeChapter5.0for moredetail.
We have therefore multiplied the costsscaledfrom L.* and El!’ by this factor of 1.4 to bring our
estimatesto the level suggestedby the Theriot panel. We havealso included an amountfor R&D
costsscaledfrom theL* R&D numbersestimatedby the Theriot panel.
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Figure 1-1 Quadrant View of the Detector Concept

Figure 1-2 End View of the Detector Concept
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In this way we arrive at the following range of estimatesfor two calorimeteroptions discussed
above.

1. Option with precision homogeneousEM calorimetry using Barium Fluoride crystals
followed by a sampling hadroniccalorimeter.

EM resolution EJFJE-1.5%IrE,0.5 %

SM dollars
Baseestimate 332
Increasefor Theriot panel estimate 133
Total 465
R&D costs 33

Totaldetector cost 498

2. Option with lead-fiberscintillatorreadout EM andhadroniccalorimeter.

EM resolution SE’E-7%/1E, 0.5 %

SM dollars
Baseestimate 290
Increasefor Theriot panel estimate 120
Total 410
R&D costs 29
Total detectorcost 439

Theseestimatesart discussedin moredetailin Chapter 5.0of this document.

For the purpose of obtaining these cost estimates, we have assumed the L* and El’!’
technologiesfor the various subsystemsand scaled them to our parameters. This should not be
taken as a decision to use these technologies. This exercise has been done in the spirit of
establishinga "proof of principle" that a detector with our parameters can be built for between
$400Mand $500M. Over the next yearor two we will pursue a vigorous R&D program to find
the most desirable and cost-effectivetechnologiesto achieve the desireddetectorparameters
discussedabove,designingto or below thecostspresentedhere.

1.S Expected Time and Design Milestones

If this Expression of Interest is favorably received and appropriate R&D funds are made
available to this collaboration,we expectto submit a Letter of Intent by late 1991 and an
EngineeringDesignReportby late 1992. Ourpresentplan is to make the choice betweenprecision
homogeneousEM calorimetry Barium Fluorideor Liquid Xenon or a sampling type calorimeter
Lead scintillator or Lead-LiquidArgon by the time of writing of the Letter of Intent. For the
Letterof Intent we plan to have narrowed the basic choice of technologiesto at most two options
for eachof the major subsystems.We expectthat by the time of writing of theEngineeringDesign
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Report most of the subsystemswill have been narrowed down to a single option, although,
dependingon the availability of test beams,somefinal choicesmay have to be delayedto 1993.

1.6 Management of the Collaboration

An interim organization for the collaboration, consisting of a CollaborationCouncil ledby two
co-chairmen, has been set up for the purposeof generating this Expression of InterestEOI. If
this EOI is favorably received we envision a more elaborate organization, consisting of a
CollaborationCouncil, a Steering Committee,an International Finance Committee,and a Project
Manager. Our present thinking on such an organization is described in Chapter 6.0 of this
document. This management structure will be discussedin detail with the SSC Laboratory
managementandwill be modified andevolvedto takeinto accountthe needsof the laboratory. We
hope that the evolution from the interim organization to the final managementstructurewill be
achievedby thetimeof writing of the Letterof Intentorsoonafter.

1.7 R & D Funds Requested

In order to be able to carry out the R&d and the engineering design neededfor writing the
Letter ofIntent and later the Engineering Design Report, approximately $IOM for R&D and $4M
for Engineeringwill be required. for FiscalYear 1992. Our presentexpectationfor theseneedsare
discussedin Chapter 7.0 of this document. Specialcareand planning will have to be exercisedto
reorient someof the previously fundedR&D which wasmotivated by the L and ElF Letters of
Intent toward those problems which are the most crucial for our current vision for the detector.
Early reductionof the number of technologiespursuedwill be required.
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2.0 PHYSICS WITH THE PROPOSED DETECTOR

2.1 Introduction

2. 1. 1. Physicsat the 1 TeV Energy Scale

Over twenty years ago, the basic structure of the standard model of electroweak
interactions was formulated and given a firm theoretical foundation. This model is based
on the gaugesymmetry SU2 0 Ul with gaugebosonsthat we identify as the photon,
W and Z°. The model provides a phenomenologicaldescription of eleciroweaksymmetry

breaking, manifested by Mw andMz 0; accommodatesan arbitrarynumber of quark and

lepton flavors, which we now believe to be six; and incorporates their flavor symmetry

breaking,manifested by the generation of different quark and lepton massesand mixing

angles.Thesefour art the fundamentalingredients of elecwowealcinteractions - the gauge
symmetry, its spontaneousbreakdown, quark and lepton flavors, and the breakingof
flavor symmetry. Despitetwenty yearsof the most probing experimentsand theoretical
effort, we really understandonly the first. Thus, there is widespread conviction that the
standardmodel is not the whole story.

In the standardmodel, electroweaksymmetry breaking and fennion massgeneration
but no: flavor symmetrybreakingare implemented with a complex doublet of elementary
scalar bosons.Three of thesescalarsappearasthe longitudinal componentsof the massive

W and Z°. The fourth scalar-the Higgs boson, H0-remains undiscovered. Its
couplings to ordinarymatter are completely specified,but its mass cannot be predicted by
the model. Experiments at LEP indicate that Mar,, 40 GeV. Either M, 51 TeV or the
interactionsof weak bosonsbecomestrong at subprocessenergiesexceedingabout 1 TeV.

The standard model provides no clue to the underlying dynamics of electroweak
symmetry breaking. Its description of this phenomenonin termsof the Higgs doublet is
incomplete, if not seriously flawed. Furthermore,thereis no reasonfor MR to be much
lessthan the Planck scale,10190eV;this is the famous "naturalness" problem. What the
standardmodeldoestell us about electroweakbreakingis that its energy scale is known to
be lessthan about 1 TeV. This scaleis set in the model by the vacuum expectationvalueof
theHiggs field, v = 2-1MGy" = 246GeV the analogof the pion decayconstantof QCD, f,
=93 MeV. Whatever may be the origin of electroweaksymmetry breaking, this fact will
survive, and preciseexperimentation at or below the 1 TeV scaleis bound to uncover its
nature.



The meaning of flavors and the origin of their symmetry breaking are not addressedin

the standardmodel. Theseessentialelementsare put in by hand: an arbitrary number of

quark/lepton generations and arbitrary couplings of the Riggs boson to the fermions. In

particular, the model says nothing about the energy scaleof flavor breaking. In some

scenariosthat attempt to address the flavor problem - e.g., technicolor and compositeness

- hints to the answermay come from experimentsnear the 1 TeV scale. In others - e.g.,

the standard model and its supersymmeiric extensions- the answermay not become
apparent without ultra-high energies.Nevertheless,it is important to search for cluesto the
mysteryof flavor in theI TeV region.

Until the mysteriesof electroweakandflavor symmetrybreakingareresolved,progress
in understanding physics at still higher energy scalesis impossible. Thus, the primary
scientific missionof the SSCis to seek, discover and study thu physics. The most basic
designparameters of the SSC- its energy and luminosity - have been chosento meet these
fundamental physicsgoals. It is crucial now to designthe experimental program to exploit
fully the SSCspotential andto do this physics.

Table 2-1 lists mostof the popular proposalsfor new physics in the TeV energy region
as well as their principalsignatures. This tabledemonstratesseveralkeypoints:

* While we are confidentof newphysics in this region,much of it beyond the
standardmodel, we do notknowwhatthatphysicsit! The SSCexperimental
program must cover this full range of ideas,with the flexibility to go beyondthemas
the sciencedictates.

* All proposednew physics signatures involve photons, electrons,muons,jets, heavy
flavors andior missingenergy. The SSCexperimentalprogrammust measureall
these signatures with precision and goodbackgroundrejection.

* Last,we notethatall the physics possibilitiesin the tablewereproposedtenor more
yearsago. Therehavebeenno really new ideassincethen. Despite the great
experimentalachievementsin W, Z andheavyflavor physicsof thepastdecade,they
havegiven no insight to thefundamentalmysteriesof the standardmodelnorany
hints how to proceedbeyondit. The next big stepin particlephysicsrequiresthe
high energyand luminosity of theSSC.
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Table 2-1 New Physics Possibilities and Signatures at 0 lTev

Physics Signatures

Standard!!0 yy,Zlfr1l

ZZ-÷ll-ll--,ll--jj, 1lVv

Extended!f. J0, Ift Sameasabove
Heavy/7 flavor tags, isolatedI , W

-4fl, etc.

HeavyQQ Wq-*jets+isolatedl

W’, 2’ mass,width, asymmetry l ± + tr, 1fl, dijets

StrongW scattering WW. WZ, ZZ - 1 ± + jets

Technicolor -* dijets, WZ-il ± jets, ltTltr

ItT -4 heavy .17.dijets

Supersymmeuy multi-isolatedI , jets, 4

q Substructure high-massduets

qil Subsnucture high-massdileptons,4

Noneof the Above! All of the Above!

2.1.2 The Needfor Two ComplementaryDetectors

In 1990 three large detector collaborations submitted Lettersof Intent to the SSC
Laboratoryandits Program Advisory Committee. ThesethreeLOIs representedmany
thousandsof man- andCPU-hoursof researchand development,physicssimulations, and
designwork and choices. The performance of the three detectorswasmeasuredagainsta
widerangeof "standardbenchmarks"aswell asmorespecific testsproposedby the PAC.
The threeLOIs demonstratethat,despitethedetectors’enormoussizeandcost,nonealone
cancoverwith precisionall the physicspossibilitiesandrealities in the TeV energyregion.
While eachdetectorhas its areasof strength,it is also tr’.ie thateachhas weaknesses,
including: degradedEM energy measurementat lower energiesandmuch reduced
capability at L> fl3 cnr2s for SDC, limited innertracking at highermomentafor i7,
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and lack of magnetic tracking for EMPACTTFEXAS. Thesedeficienciesarea direct

consequenceof aparticulardetector’sdesignemphasis.SDCsare dueto its largetracking

volume and surroundingsolenoid with interveningmaterial. Our proposeddetector,

emphasizingan opengeometryand precision lepton andphoton measurement,hasreduced

central trackingabilities. In view of our almostcompleteignoranceof the dynamicsof

electroweakand flavor symmetrybreakings,it is entirelypossiblethat any singledetector

couldbe blind to thesignalsof newphysics.

A second danger arisesfrom the likelihood that new physics signals will be only

marginally significantanddifficult to extract. The ability to verify discoverieshas always

beenessentialto progressin physics. A look back at the physicsof the past decade- the

discoveriesof the WandZ, thefalse indications of monojet signalsfor supersymmeny,the

discoveryof B-B mixing, and now the tantalizingprospectsfor neutrinomassandmixing

- all showtheimportanceof beingable to checkandconfinnmeasurements.

As the SSCL Director and the PAC have emphasizedrepeatedly, two detectors are

necessaryfor the initial experimental programof the SSC.Given the scopeof the potential
physics,thecomplexityof thedetectors,andthe limited rangeof a singleexperiment,the
two mustbe complementary.For the other SSCdetector,this implies:

* It must be significantly better thanSDC in certain areas,allowing a broaderrangeof
discoveries;

* It must have signWcantoverlapwith SDC in other areas,to providecross-checks.

Two complementarydetectorshaveadditionaladvantagesover one very largeone.Two

collaborationspromotea variety of styles and approaches to technical problems. Two
detectorshavedifferentsystematicerrors.Two collaborations provide a healthyspirit of
competitivenessthat will help obtainthe physicsin a timely fashion. Finally, as illustrated
in thisdocument,it is entirely feasibleto build a detectorwith the desiredcomplementarity
to SDC and correspondinglyincreasedphysics coverage that is within the guidelines
establishedby theLaboratoryandthe PAC.

2.1.3. PhysicsGoalsofthe Detector

The detectordescribedin this documentwill emphasizevery precisemeasurementof
photons, electronsand muons at all energies,coupled with excellenthadronicjet energy
measurementsas well as heavyflavor tagging. In addition,precisionmuonmeasurement
and otherrobustfeatureswill be maintainedat ultra-high luminosities L lO cm2re.
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Table 2-2 shows that our basic design goals define a detector whoseperformance
characteristicsaremfly complementaryto SDC: significantly betterthan SDC in the areas
of muon momentummeasurementat nominal and high luminositiesand electromagnetic
energymeasuremenucomparableto SDC in hadronicenergymeasurementand heavy
flavor identification, andhavingusefultrackingcapability.

Table 2-2 Complementarityof This Detector and SDCt

Subsystem/ Feature This Detectorvs. SDC

Muon System better

psign better

L>lO" better

EM Calorimeter better

HadronCalorimeter comparable

Compensation comparable

4 comparable

CentralTracking worse

b, t - tagging comparable

I - tagging comparable

e sign worse

Jet Fragmentation worse

t ComparisonsbetweenSDCandthisdetectorartbasedon the SDCLOt
andthe designparametersof Section I, andalwaysassumethe most
conservativeoption we are considering.

Thesedesigngoals must be justified on physicsdiscoverygrounds.Although, our
inability to forecastthenewphysicsmakesthis taskdifficult, it is preciselythis uncertainty
that is the prime justification for two detectorswith complementaryareasof strength,
overlapandweakness.FromTables2-1 and2-2, then,we list a few of theobvioussearch
processeswhereour detectorwill havecapabilitiessuperiorto SDC.

* NeutralHiggs-like scalars-, yy, Zt for Mff c 2M1

* Z’-, e’r pfrjr mass andwidth.
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* Z-* p+p asymmetry.

* r or Wr3 rrT; X-* r whertf,f’ = heavy flavors.

- ‘-* like-sign pt ;zt+ X.

* quark/leptonsubstructure-+ee-,per energyscaleA.

* quark/leptonsubstructure-* p4r asymmetry.

The detector’sundiminishedmuon measurementat ultra-high luminosity gives it a

considerablygreaterreach in Z’and quark/lepton substructuremassscalesthan SDC will
have.

Together,ourproposeddetectorandSDC ensurethattheentirerangeof I TeV physics

will be well covered.Whatevertheorigin of electroweaksymmetrybreaking,at leastone
of thesedetectorswill discoverit. Together, both detectorsshould be able to map out all its

aspects.Together, both detectors will discover or sharply limit the origin of flavor
symmetry breaking.And, together,both detectorswill discover all other new physics
possibilitiesthatmay be lurking in the I TeV energyregion.To illustratethis, we turn now
to a discussionof our detector’scapabilities. We discuss its expectedperformancefor a
rangeof physics both within andbeyondthe standardmodel.

2.2 Selected Physics Processes

The design of our detector emphasizessuperb measurementsboth of electromagnetic
energyin a high-resolution calorimeterarid of muonmomentum in a large magnetic volume
with B 1 Tesla. It alsohasgoodmeasurementof hadronicenergy for I i’I S 3 andas yet
unspecifiedcalorimetryfor 3<1 ‘71 55 to measuremissingtransverseenergy ET. There is

adequatecentral trackingto distinguish high-pparticles. The calculationspresentedthe

following sectionsassumesubsystemmeasurementprecisionsandcoveragesas follows:

* The electromagneticenergyresolution is takento be

L.J2.O%or7.5% eos

with segmentationÀØ x 6i7 = 0.04 x 0.04, for I ‘ I S 2.5. The smaller sampling

term correspondsto the total absorption options BaF/LXe/LKr, and the largerone
to the samplingoptions LAr/SPACAL.
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* The jet energyresolution is assumedto be

EE

with segmentationA4’ x all = 0.05 x 0.05, I77 I 3. In many cases,however, the

jet resolution is limited moreby clusteringeffectsthan by the intrinsiccalorimeter

resolution.

* The centraltrackercoversthepseudorapidityrange I tjl 3 and hasthe resolution

=50%. forp=35OGeVat9O°.

A silicon vertexdetectoridentifiessecondaryverticesand contributesto the

resolution.

* The muon systemcovers Inl £2.7andhas the resolution

25%, forp=500GeVat9O°.

Sincemuonsaremeasuredoutsidethecalorimeter,themuonsystemis robustat high

luminosity.

We haveconsideredthereachof sucha detectorfor severalphysicsprocessestaken

from thoserequestedby the PAC:

* Searchfor thestandardmodelHiggs boson,H0, over theentiremassrangeMy 80
GeVto 800GeV.

* Searchfor aheavytop-quarkwith m, = 250GeV. We assumethat £ haseitherthe

standard-modeldecay,t -, Wb, or thenonstandarddecayt -, HTh wherethe

chargedscalarJfl - ci or t’ v.

* SearchforaheavyZ’gaugebosonwithM=4TeVandF.01M.We
assume1000eventsof Z’ - 11t- where= e, p. randdiscussthemeasurementof
its mass,width anddecayasymmetry.

In addition we briefly discussour detector’scapability for threesignaturesof major
extensionsof thestandardmodel:

* Searchfor gluinopairproduction in all-leptonfinal states.
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* Searchfor a color-octettechnirhop1- in its decayto a pair of decaytechnipionsit.

which decayin turn to aheavyquark-antiquarkpair or to a heavyquarkplusheavy

lepton.

* Searchfor quarkandlepton substructurein the productionof high invariantmass

dijets anddileptons.

Most of our calculations are based on the ISAJET 6.36 and PYTHIA 5.5 event

generatorsandappropriatedetectorsimulation.Unless statedotherwise,the top-quark
massis assumedto be 140 GeV. One standardSSCyear contspondsto JLdt = 100cm2.

Detailsof event selectionand background rejectionfor thesearchesmay be found in the

EOIs [1, responsesto thePAC 2], andLOIs 3] submittedby theL*, EMPACT,TEXAS

andEMPACT/TEXAS Collaborations.

2.3 Search for the Standard Higgs Boson

Experimentsat theSSC mustbe ableto discoverorexcludethe standardmodelHiggs

boson,H°, in the massrangeMy = 80- 800 0eV. LEP experimentsshouldshouldbe
able to cover the rangebelow 80 3eV, while a Higgs heavier than about8003eVis so
broadthat it may not be recognizableasaresonance.Theoreticalstudiesindicatethat new,
unspecified physics must occur if My 650 - 1000 0eV. In any case, special
experimentaltechniquesandextendedrunningat high luminositywill be requiredto search
for a very heavy Higgs boson. This detector will rely on its excellent measurementof
photons,electrons,muonsandjets to ensurethat the massrange80 - 800 0eV is well-
covered.

80GeV My 180GeV

All studiesof the11° searchfor MH c 2Mz agreethat the only modesin which it may be
found are the rare decaysy0 - yyandH° -+ -* lj’iflflj where 1 = e, p. The
powerof our electromagneticandmuon systemsare well-matched to searchingfor these
modes.

H° -+ yy

Two large sourcesof background to the yy signal must be severelyreduced.The first

is the irreducible background from q k-, yy and qq -+ ‘y’y. The second background
comes from copious QCD production of it0s and single photons. The irreducible
backgroundis suppressedwith thefollowing rapidity,energyand angularcuts:
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2.5, 7i < 3.0

E7>2OGeV, cosolc0.8.

SincetheRiggs is very narrow, the signalis then observableprovided that theyymass
resolution EiM/M 5 1%. This requiresnot only the precision measurementof the photon
energiesprovided by theEM calorimeter,but alsospatial resolutionsof 5 1mm on the
photonvertex andtheshowerpositions. Sufficient energyresolutioncanbe achieved,for
example,with the BaF2, LXe or LKr calorimeters13,3] assumingthat the 0.5% constant
term can be achieved.Indeed, the needto achievehigh resolution in EM energy
measurementssuchastheseis thestrongmotivation for this calorimetry.Sufficient energy
resolution may also be achievablefor asamplingcalorimeterwith 7.5% / ‘ft S 0.5%, and
we are studying the feasibility of this. This 1mm vertex resolution is achievable by
measuringchargedtracksassociatedwith the H0 -47y event.

Suppressingthen0 backgroundfrom jets requiresay/jet rejection of somewhatbetter
than l0. This can be achievedthrough isolationcuts on the photons. A particle P P =

e, p is said to be isolatedif

R

where the sum is over the transverseenergy,E found in the calorimeter in a coneof size

R = *‘J Ar2 + AØ2 Er, is the transverseenergy of particle P; and E is the energy
cut. In our isolation requirementsfor photons,we use R = 0.6 andE = 5 GeV. This
analysiswas donefor the BaF2 calorimeteroption. Suppressionof thejet background
would be enhancedby the ability to separatenO , yy from single y’s. We are currently
investigatingtechniquesto do this.

The signalandirreducibleyy backgroundareshownin Fig. 2-1 for thetwo EM energy
resolutionsunderconsiderationand for Riggs boson massesof 80, 100, 120 and 150

GeV. The signals correspondto 4.6, 8.6, 14 and 13 3.2, 6.3, 11 and 10 standard
deviations for tiE / E = 2.0% 5 0.5% 7.5% 9 0.5% in onestandardSSC year. The
correspondingbackground-subtractedsignalsarealsoshownin Fig. 2-1. Note that there
are hundredsof signal eventsper SSC yearin this channel. The EM calorimeterand
photon position resolutionsareessentialfor theextractionof thesesignals.

One might also be able to observei-P -4 yy in the associatedproductionchannelsqq
- HW and gg -, Rn. The rates are small, about 20 events produced per
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SSCyearin theHamode,but the real yy backgroundsarelessof a problem. Rejectionof

thejet backgroundsin thesemorecomplexeventsrequiresfurther study.

H°-*Z2"--÷ iticifli where 1= e ory

In the rangeM 140 - 180 GeV, the bestsignal-to-noiseratio is obtainedfrom the
four-lepton decaychannelof F/ - zt. Leptonsarerequiredto have Pr> 5 GeV and

I’ll <2.5. The principal backgrounds, from Z°bE, Z0:i andhadronicjets aresuppressed
by requiring that the leptons are isolated R = 0.3 and E = 5 0eV fli One of the UI -

pairs is requiredto have I Mg +j - - Mz I <2 GeV. To suppress background from Z° ‘f
withf-*I+I-,thecutonthesecondpairistakentobe1OGeVcMg+g-<Mz+2GeV.

The Riggsmass spectraobtainedin one SSCyear,togetherwith their backgrounds,are
shown in Fig. 2-2 for Mg = 140, 150, 160 and 170 GeV and for variouselectronand
muon resolutions. Clearly, a signalcan be extracted in the total four-lepton channel from
140 GeV up to about 170 GeV. While the statistics are adequatefor discovery,they would
not allow such detailedmeasurementsas theZ° decaydistributions.Sinceour detector
measureselectronscalorimetricallyand muons outsidethecalorimeter,thesemoreprobing
measurementscouldbe madeat ultra-highluminosity, SUIt? l0 cm-2.

180 GeV <Mg 5600 0eV

In this mass rangewe can focus our attention on the "gold-plated"signalsH° -9

ZZ0 - I j’1 ‘I tI2 wherel = e, p. The backgroundswe have investigatedcome
from hadronicjets, heavyquarkdecaysandW and Z0 production. Thesearebrought
down to the in-educibleq -t Z°Z° processlevel by the following cuts:

Pi> 10GeV;

lijA <2.5, Iflpl <23;

R=0.3, E=5GeV;

IM,+1- -MzI ‘c2,5,5GeVforMH=200,400,6000eV.

The results for the sum of lepton channelsare shown in Figs. 2-3a-c for MN = 200,

400 and 600GeV. The EM resolution used for these figures is tiE / E = 2.0% ‘ft
0.5%. At Mg = 200GeV, the resolution has little effecton the 4-lepton massdistribution
if the Z0 massconstraintcan be successfullyused. At 400 0eV andhighermasses,the
Riggs boson’snaturalwidth makesthe two EM resolutions indistinguishable.
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Mg 800 0eV

For the upper end of the Riggs mass range, and more generally for the study of WW

interactions at the TeV scale, the rates are very small. Thus, in this case, it is especially

importantto be able to exploit severaldifferent modes.

The cleanestmoderemainsIF -* 2°2°- I t If/p Ij . The same curs axe usedas
for MH = 400 and 6000eV. The signal and background in the sum of the four-lepton

channels is shown in Fig. 2-3d. The background is entirely due to the irreducible 22

production process. In the Riggs region, 600 to 1000 0eV, there are 40 eventsin the
signal above 13 backgroundevents.

The number of eventsis potentially doubled if the mode H° - Zt1Z - I l r’ is
added. According to the Eli’ WI, the background from a high-p20with recoil jets faking
Pr appearsto be very small evenwith limited tracking3J Positive identification of one or

both x-leptonswith the vertex detector would reduce the background even more.

A much larger signal is observable in the mode H° -* Z°Z° - I fl - + jet jet, where I
= e, p. The width of an 800 0eV Riggs boson is 250 0eV, so resolution on the Riggs
massis not an issue. But, hadronic resolution is neededtoreconstruct the Z° -+ jets mode
and to reject the very large background from 20+jets. The L analysis made cuts IM1 + -

- Mz I cS GeV and I 14ff - M2 I <7 GeV. A detailed description of the other cuts is
given in 121* The dijet mass distribution in the 2° region from the signal and background
processesis shownin Fig. 2-4a. The H0 -* Z°Z° -9 lfl - + jet jet signal andbackground

yields in oneSSC yearareshownin Fig. 2-4b. Thereare155 eventsin thesignaland460
eventsin the background- which comesalmost entirely from 20 + jets.

Partof the Riggs signalcomesfrom WWfusion and producesjets at large 77 with p1. -

mw. An Eli’ analysisfound an improvementin signal-to-noiseof 1.25while retaining36%
of the signal. This might help confirm the natureof the signal, but theimprovementis
modestenoughthatit will not be amajorconstrainton the forward calorimetry.

Finally, one can look for H° -‘ Z°Z0 - I fl - v’. Again there is a large background
from Z + jets in which thejets aremissedby the detector.Observationof this signal
requirescoverageto at least17 5 and avoidingcracksorothernon-Gaussiantails in the
calorimetry. This appearsto be possible,but a detailed engineeringdesignof the entire
calorimeteris necessary.Thereis alsoa backgroundfrom the2020continuum,which must
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be known to be about 30%. In anycase,while this modeprovides a useful confirmation
- for the signal, the four-lepton and lepton-jet modes are betterways to discoverthe Riggs.

2.4 Search for a Heavy Top Quark

The precision lepton and jet measurementsystemsof the detector we proposegive it the
ability to discoverrapidly and to study a 2500eV top quark in both standard0 -9 W4h
and nonstandard t -p Hb, Ifl -+ c 1, ‘rv decay modes. The background rejection
techniques describedhere rely on identifying isolated electronsand muons as well as
muons inside jets. This searchfor the top quark also providesa good example of the
reconstruction of high-pW-bosons in their dijet decaymodes. The detector’s ability to
discriminatebetweenhigh-pWsand2’s is illustrated by comparing Figs. 2-4a and 2-Sb.
With suitable modification, the techniques describedhere should work well for a heavy,
fourth-generationquark,Q, producedin the process qg- Q.

StandardTop Quark: : -Wfl

Thecleanestdiscoverymodefor thestandardt-quark is cc-+tT jz-1 + X with
isolatedet and j P1* L* and E,rF consideredthe decaychain

r-*Wb, W-+ev, T-*Wff, W-*jrv
To overcome backgrounds, it is necessaryto tag at least one of the b-quarks in this
process. In our detector b-quarks are tagged by observation of a muon inside the b-jet.
Suitable cuts then reducethe backgrounds from W+X, Z+X and b if production to about
10% of the signal of 2 x 10 eventsperSSC year. For L*, e.g., the cuts were E = 5

0eV in R = 0.3 andp-1.,> 30GeV.3] The e modeallows discoveryof the 2500eV:
quarkin a matterof days. A measurementof theinvariantmassof the isolatede± p4 or of
the isolated 1 andthe taggedb-jet givesan accuracyof 5% in one SSCyear.

A moredirectandprecisemeasurementof in, usesthe decaychain

t -+Wtb, W-+L’vI=e,p, b- grX;

T- W-b, W---+jetjet, E-*jet.

Then, m1 is obtainedby reconstructingthe dijet decayof the Wand measuringMjjj = MWb.
With the sameisolationcutsas above to identify high-pr leptons from the W, with b
taggingthroughthe inclusive muon, and requiring

pv>400eV, PT> 200GeV,
ARjj< 1.0, Iøjj-øeI > 100°,
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top quark mass distributions as shown in Fig. 2-5a were obtained by L* 3]* The central
value of in, is determined to about 2%. Since the W is alsoobserved, the systematicsof

the hadroncalorimetryandof the clusteringalgorithmcan be studied using the knownW

mass.

Non-standard Top Quark: r -,Wb and t -*Hb

If thereexistsachargedHiggs or technipionlighter than thetop quark,then thedecay:
-+ Hb canbe comparableto thestandardmode:-. Wt. In considering this possibility,
we assumethat fifg+ = 1500eV andthatIf’ decaysexclusively to ci and r4v. The decay
it. -* Wh0 would be large if kinematically allowed. The backgroundswould then be
different,but the detectorrequirementsare not dissimilar. The cimodeobviously yields a
moreprecisemassmeasurementof !/ and:. Using lepronandjet cutssimilar to those in
the caseof standardt-decayand assumingBt -* Wb = Br -4 HTh = 50% andBH
-4 d = 100%, L* obtainedthe W" andH dijet mass spectra shown in Fig. 2-5b. The
combinatoric background waseliminatedby requiring that the candidatedijets from the W
satisfy I 1- J2 c 60° and that the W-jets and the b-candidate jet satisfy I ,, - I
<1000.The reconstructedtwo- andthree-jetmassesallow M11+ andin, to be determined to
about 2% in one SSCyear so long asB: -iHbBH-- Cl 2 1%.

If BH -* r v - 100%, then one must look for a violation of c/p/vuniversality by
measuringtherates for each,detecting the tin its hadronicmodes. L selectedeventsby
requiringone isolated lepton,oneinclusivemuon from : 1 - WI,; b -, p + X and a r
jetfrom i:-* tEl,; !F- tv. Thetjet wasrequiredto havep>70GeV, lqI
<1.7, more than 300eVdepositedin the hadroncalorimeter, less than four charged tracks
insideaconeof R = 0.3 aroundthejet axis,andan acoplanarityangle 54> 100°relativeto
theisolatedlepton. The massesarenotpreciselydeterminedbut canbe estimatedfrom the
kinematic distributions.

To summarize, basedon the simulations by the ElF and U’ collaborations, we are
confident thatourdetectorcan discovera heavy top quarkin a few daysandmeasureits
massto about2% in oneSSC year.The detectorcan determinewhether: decaysare
standardor involve a charged scalarand, if they do, measurethe charged scalar’s mass
with comparableprecision.This exampleagain demonstratesthe detector’s powerto find
physicssignals involving isolated leptonsand muonswithin jets andto reconstructparticle
massesin multi-jet modes.
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2.5 Discovery and Properties of a Heavy V

We consider the search for a new heavy neutral gauge boson,Z’, with massMz =

4 TeV and width rz* .01 - .02 Mz. We assume 1000 events in each of the three

channelser, ptjr and rr. our projectedleptonresolutions,themass andwidth

ai-e very well determinedin the ee-modeand, for a variety of models,the forward-

backward asymmetry is well-measuredin the muon channel. It is worth noting that, if

such a heavyZ’ has couplings of 0e to quarksandleptons, it will take 10- 30 yearsat

the nominal SSC luminosity to produce1000 ifl - events.Thus,our detector’sability to

maintainprecisionmeasurementof high energymuonsandelectrons at L 1O’cm2 r1

makestheseresultspossible in 1-3 years. Put another way, in one yearat £ l0 cm

2 s-1, our detectorcan discovera 10 TeV Z’ with nominal couplings to quarks and

leptons.

The detectoracceptancefor Z’ - e+r is about 88% for our rapidity coverageof

P P <2.5. The Drell-Yan backgroundto Z’ - in - at Mz’ t4 TeV is five orders of

magnitude below the signal. The cross section for dijets in a 1% mass bin at this mass is

about2pb. Thesejets typically have AR - 0.7 and very high multiplicity, so isolation cuts

for the electronshowerseasilyeliminatethem. Similarly, at thesemass scalespile-up is

not significant, even at ultra-high luminosity. At such large energiesin the e + e - mode,

only the 0.5% constantterm in the energy resolution matters.Figure2-6 shows the mass

spectrumfor the Z’ asdeterminedby the E/i’ collaboration.J The massis determinedby

fitting to a Breit-Wigner plus a smoothcontinuum. The statistical error on the mass is

0.07%; we estimate that non-linearityeffects are about 0.25%. The error on the width is
about3%. Assuming 5 Left 1041 -2, theseprecisionsare comparable to thoseobtained

at LEE’ for the2° in aboutthesamerunningperiod.

The detectoracceptancefor Z’ -+gz p - is similar to that for electrons. With 1Sp/pp

=5% atp =500GeV,taking into accountgapsandmuon energylossin the calorimeter,
andwith the standardisolationcut on the muons,L* found a massresolutionof 16% for
the resistivecoil option. [31 A similar result shouldapply for the smaller superconducting
coil in this detector. ElF studiedthe forward-backwardasymmetrymeasurementfor a
varietyof modelsandfound thatit canbe measuredto ±3%,sufficient to help to determine
the nature of the Z’ P1. L* concludedthat lessthan 1% of the Z’ -+pjr hadthemuon
signs incorrectly determined. These capabilities apply, as well, to our detector. The
forwardmuon coverageis improvedin the newdetectorbecausethe aspectratioof the coil
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is longer, andwe are investigating a variety of ways to improve the resolution in the

forwarddirection to furtherimprove theforward muon performance.

For Z’ -+ ‘v +r L* requiredone t to decay into a muon and the other into hadrons,

giving a very narrowjet with less than four resolved tracks.This should work well in our

detectorand give a sufficient signalabovebackgroundsto checke-p-’r universality. At a

luminosityof order l0 cm-2 sec-1thecalorimethcidentification of the v-jet is probably

adequate,althoughthis needsmore study. Measurement of the v-jet multiplicity seems

possible,but may dependon the technologychoicesmade.

Most detectorswould discovera Z’ if it were producedat a large rate.Our detector

offers significantadvantagesin that it candiscover a 10 TeV Z’ in about one yearusing

ultra-high luminosityand, in thesameperiod,measurethe massand width of a4 TeV Z’

‘with greatprecisionin the e -‘-e - channelandits leptonasymmetryin the pjr channel.

2.6 Super-symmetry

Supersymmetryis a theoreticallyattractiveextensionof the standardmodelbecauseit

providesa naturalsettingfor elementaryscalars. It is alsoquite useful for the study of

detectordesignbecauseit providesa scenariowith complexsignatures.We considerhere

theminimal supersymmetricextensionof the SU3 ® SU20 Ul standardmodel: two

Higgs doublets,supersymmethcpartnersfor all the knownparticlesandthe Higgs bosons,
an exactR-parity to eliminate unacceptableprotondecay,andsomeplausibleunification

conditions at the GUT scale. In this scheme,thereare four neutralinos, and two
charginos,, which are mixtures of the supersymmetricpartnersof the gaugeand Higgs
bosons.The conservedR-parity forcesall supersymmetricparticlesto bepair-produced
and to decayinto the lightest one, , which is absolutely stable and escapesfrom the
detector.Thus,the basicsignaturefor much of minimal supersymmetryis 2,- plus multiple

jets.

An ElFanalysisof gluinopairproductionexaminedthe2,- signatureandbackgrounds
for a varietyof masses,including all the predicteddecaysIM Eventswereselectedhaving
at least4 jets with p- > 50 GeV anda sphericitySr> 0.2 in the transverseplane. The
dominantbackgroundscome from QCDjets containingheavyquarksand from W andz0
production at high PT- Thesewere calculatedincluding Gaussiandetectorresolutions
obtainedfrom a detailed engineeringmodelof a liquid argon calorimetertaking dead
material into account. A signal a few times the QCI[ andelectroweakbackgroundswas
obtainedfor all masses; Fig. 2-7 shows typical results for a 750 GeV gluino. The
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effects of the transition at t - 3 between the endcapand forward calorimeters were
investigated separately and seemto be acceptable.The lessonof this study is that the
contributionsto the K,- crosssectionfrom detector effectsshould be kept less than those
from real neutrinosforK,- ? 100 GeV. This probably requirescoveringdown to rj - 5.

If supersymmetrywereto be discovered,then the massesanddecaymodesof all the
supersymmetricparticleswould haveto be determined.This is avery complex task,sincea
singlegluino caneasilydecaythroughseveralintermediate, giving jets, leptons,W and
Z° bosons,andeven Higgs bosons.Understandingsuchdecayswould require studying

the eventswith large2,- in greatdetail. It would surely be a multi-year and multi-detector

task.

Not all supersymmeffysignaturesdependon E. Since the gluino is a Majorana

fermion, it decaysequally into 1 X and 1 X, giving isolatedlike-sign dileptons. The

backgrounds for such events seem to be small. Observing this signature requires

measurementof lepton signs with momenta that dependon the assumedmassesbut are

typicallyp? 100 GeV. Our detectorwould do this mainly in thepj.ichannel. Since
gluinos are strongly produced,the rates art quite largeevenfor massesin the 1 TeV range.
An EdT analysis found about 170 like-sign dimuon eventswith I n. 1<2.5 for a 15000eV
gluino with particularchoicesof the other parameters.Hence,it doesnot appearessentialto

measureet signsover the relevant massrange.

2.7. Technicolor

In the technicolorscheme,there are no elementaryscalarbosons.Rather, electroweak
symmetryis brokendynamically through new strong gaugeinteractions of technifermions.
This eliminates the naturalness andhierarchyproblems of elementary scalarsand is the
prime motivation for technicolor. Unlike elementary Higgs models and their
supcrsymmetricextensions,technicolor addressesthe flavor question head-on, and this
givesrisetoits flavor-changing neutral current problem. However, recent developmentsin
technicolordynamicsknownas "walking technicolor" seemto amelioratethis problem
and, so, retaintechnicoloras a viable scenario for solving both the electroweak andflavor
symmetryproblems.

In minimal technicolor models - thosewith a single doublet of technifermions- the
primary signature at the SSCis the production of chargedandneutral technirhovector
mesons,p2., of mass1-2 TeV. Thesealways decayas -, WW andp - W Z°.
The subprocesscross sectionsare very small,0a2, and it is fairly clear thatsuch a heavy
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p7. requiresL 10 cm-2 for its discovery4. The obvioussearchmodefor p4 is Z0 -.

I l -, Wt -* 1± + 8T These lepton measurementsshould be possible at ultra-high

luminosity in ourdetector. The K,- will be - 250-5000eV. Measuring just the charged

leptonsmay be sufficient, but measurementof 2,- at high luminosity will be investigated.

The searchfor both heavyp,. in mixed lepton plus duetmodesmay alsobe feasibleat £z
10M cm-2 s-1, but this certainly requiresmuch derailedstudy.

Non-minimal technicolor models - those with severaldoublets of techniferrnions -

have a rich assortment of signals: several sets of Pr vector mesons,each decaying into

spinless technipions, ItT. The icr, in turn, are expected to decay into heavy fermion

antifermionpairs, but this is a technicolor-model-dependentissue. In nonminimal models,

the massesof the p7. probably are less than 1 TeV. At least someof the technifermions

may carry ordinary color, transforming as triplets like quarks. In that case,therewill be

color-octet p7. producedwith large rates 0a52, roughly comparable to dijet production

at the same massscale. Thesep7. decayinto pairsof color-octet and triplet [5, whose
signatureswe now discuss.

The pair-producedcolor-octeticr will be very narrow,decayinginto q pairs. If the

quarks are heavy, the four heavy-flavor signal will be largerthan any standardphysics
background.The detector’s heavy-flavor tagging and lepton identification capabilities
should allow their discovery,if the flavors are light, there is a potentially largebackground
from four-jet production. Figure 2-8 showsthe signaland QCD backgroundat theparton
level for MEn = 200 0eV 5. The figure shows the dijet massdistribution for jet pairs
whosemassesare equal to within 25 0eV. Reasonableparton-jet energy resolution of
50%/4re5% and perfectangular resolution were assumed.For this Mi,-, all four signal
and background jets were requiredto have PTt> 100 GeV, I ml <2, M> 1.0. We
believe thatthis signalcan be seenclearly in our detector,but moredetailedsimulationswill
be neededto confirm this.

Color-triplet icy’, "leptoquarks",decayinto aquarkplus a lepton. If thesedecays

predominantlyinvolve heavy flavors, then the most accessibleleptoquark signals will
involve pairs of br or n. This provides a test of detector performancebecause
reconstructionof the‘t-momentadependson good 2,- resolution, not just on the ability to
veto eventswithout large4. Thus, this signatureis sensitiveto the global resolution of the
hadroncalorimetry.
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2.8. Quark and Lepton Substructure

The profusion of quark and lepton generations and the desire to make senseof the flavor

problemlong agoled to thehypothesisthat quarksand leptonsare composite,built out of

morefundamentalfermionswhosecharacteristicstrong-interactionbinding scaleis A. For

A much larger than the parton subprocessenergy, ‘1i this substructureshows itself

througheffective four-fermion"contact"interactionsof quarksandleptonswith strengthof

order4ic/A2. Thesecontactinteractionsmodify standardmodelpredictions.Specifically,

dijet andDrell-Yan crosssectionsflattenout at largep7.andinvariantmass,M = 1

Searchesfor theseeffectsin Cr and pp colliders indicatethat A 1 TeV. Parton-level

calculations, which do not takereal detectorcharacteristicsinto account,indicatethat the

SSCshould be able to reachA = 15 TeV in dijet production and A 25 TeV in the Drell

Yan processfor I = 10 cm-2. This expectation has been largely supported by the

detector collaborations’ more detailed simulations.12’3’41 Here, again, this detector’s
robusmessat ultra-high luminositygivesit extendedreach.

Some of the main experimental problems associated with the search for quark
substructurein high-p7.and M have beenconsideredby the detector collaborations 12.3.4

andaresummarizedhere.Thejet energyflow into afixed cone is calculable in perturbative

QCD, andCDF hasshownthat thedatafollow theperturbativepredictionsquite well. This
means that clustering and fragmentation effects are not important.Thus, the high-pr
measurementis limited only by statistics and by the resolution of the calorimeter. The p7.
resolution will alsobe degradedif el/i 1. While it is desirablethat el/i be closeto one,
this may conflict with the design goal of very goodelectromagneticresolution.The lack of
compensationmay be overcomeby calibratingat appropriateenergiesandby weighting the
longitudinal samples.Another possibility is that effective compensationmay be achieved
with a high resolutionEM calorimeterfollowed by acompensatinghadroncalorimeter.A
GEANT simulationof this arrangementfor L gavea constantterm of 4.7% in the single
chargedpion energyresolutionand of 2% in thejet energyresolution. The jet energy
resolutionwill be degradedif thecalorimeteris not thick enoughto contain the shower.
Theseand many other considerationswill be carefully studiedandweighedin formulating
the final designchoicesfor the detector.

Finally, the problems associatedwith the searchfor lepton substructuresignalsin the
Drell-Yan processarethe sameasthoseencounteredfor the high-massZ’. Our detector
will be most precisein the Cr mode.But important information on the chinA structure of
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the contact interactions may comefrom measuring the asymmenyin the pr channel if a
significant excessof high-massU! - is observed.

The design philosophy ofour detectoremphasizesan opengeometrywith very precise
EM and muon measurementsat standardandultra-high luminosities, as well as quite good
determination of hadronicenergyandadequatecentral tracking. Thesegoals and their
implementation are very similar to thoserealizedin the L* and FIT designs.Thus, we have
beenable to usemany of their extensivestudiesof physicssignalsand backgrounds.We
conclude that our detectorwill discover - or rule out - a very broad range of new
physicspossibilities that will be within reachofthe SSC. In a numberofsignificant areas,
our detector will surpassSDC: Our much better electromagnetic resolution allows the
searchfor H0 .- yy and moreprecisemeasurementsof a V width andmass-fundamental

parametersof a new gauge interaction. Our detectormeasuresmuons outside the
calorimeter, so it is betterable to tagheavyquarksusing muons and to measurethe heavy

flavor contentof high-p,.jets. Our detectoris lessdependanton centraltrackingandso

able to exploit ultra-high luminosities. In manyotherareas- H0 -÷ t’i-Ifl--, 110
..+

andheavyquarkphysics,to namethree- ourdetectorwill beat leastcomparable to SDC.

Thesetwo detectors,then,providethecomplementaritycrucial for the broadestpossible
probesof electroweakandflavor physicsat theSSCwhilemaintainingtheessentialability
to checkandto confirm measurements.
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3.0 DETECTOR SUBSYSTEMS

3.1 Magnet

3. 1.1 Introduction

The magnet system consists of a 17.25 meter bore 0.8 Tesla single coil unshielded
superconducting solenoidoriented parallel to the beamaxes. Steel polescover each end of the
solenoidto improve field uniformity. The systemincludesthecryogeniccooling systemof the
magnetpowersupply andrelatedcontrolsand instrumentation.

The general-designphilosophy, performance characteristics, materials of construction and
manufacturingtechnologiesare derived directly from the design presentedin theL* WI Proposal.
Key U.S. technicalpersonnelhaveremainedaspartof the newly formedcollaboration.

Substantialreductionsin both costandmanufacturingtime havebeenachievedby removalof
the outer shield winding, eliminationof approximately75%of the poJeweightand by relaxingto
the 5% resolution performance. As mentionedelsewherein this report, the forward/backward
magnetsare no longer a partof the detector system.

3.1.2 DesignConsiderations

The design is driven by the need to achieve substantial cost reduction, the need to achieve
reasonableresolution over the angularrange of 1O°-170° and to provide a minimum of 0.8 Tesla
requiredfor the central tracker. The operating parametersalsorepresenta minimum cost for the
combinedmagnetandmuonchambersystemfor a 5% resolutionwhile accommodatingthe largest
expecteddimensionsfor thecentraldetectorcomponents.The requiredschedulefor completion
and its potential vulnerability to slippage in the experimental hall schedule have also been
specificallyconsideredin thedesignandmanufacturingschemeproposed.

The largeexternalfringe fields and related issuesof safetyand overall systemfacility and machine
operationarediscussedin below.

3.1.3 DesignDescription

The superconductingmagnet is shown in Figure 3.1-1; designandoperatingparametersare
shownin Table 3.1-1,andFigure3.1-2 showstheresolutionversusT for the muon system. The
magnetwill be fabricatedinto independenthalves,thuspermitting full assemblyand teston the
surfaceprior to installationin theexperimentalhall.

The unshielded solenoid configuration represents the simplest and most reliable design
possible. It savesan enormousamountof money,time and spacein the experimentalhall. The
winding consistsof a single layerof niobium titanium cablcin conduitsuperconductorwoundon
the insideof an aluminum support element

The unshieldeddesignalsopermits a very largereductionin theweight andcostof themagnet
polesbecausethereis no longerany needfor themto carry thetotal flux in theboreof themagnet.



The polesarethussizedto keepthe flux densityin the steellow at small radiusandthus improve
uniformity and low angle bendingpower. At larger radiuswhere most of the pole masswould be

Table 3.1-1 Superconducting Magnet Parameters

Centralinduction, B 0.823

Meanradiusof windings,Rw in 8.617

Outer radius,cryostatvessel,Rv,O m 9.417

Innerradius,cryostatvessel,Rv,i in 8.317

Radiusof innermostmuonchamber,Ru,i m 4.400

Radiusof outermost muon chamber,Ru,om 7.847

Intercoil length, L m 28.00

Externalcoil length,Lem 29.00

Conductorlength 1cm 23

Total massof windings.Mw t 364

Total massof cold structure,M4 t 258

Total massofcryostatvessel,Mv t 593

Total massof iron endshields,Ms t 2.400

Radialpressureon windings, r kPa 274

Operatingcurrent,kA 40

StoredEnergy01 1.429

InductionH 1.78

In a conventionaldesign,the steelcanbe driven far beyondsaturationwithout seriouseffecton
overall systemperformance,ascanbe seenin thefield mapof Figure3.1-3. The field distribution
shownis for a uniform currentdistribution in thewinding. The field disthbutionin thevolume
nearthe endof the solenoidwinding can be effectivelycontrolledby endcompensationin the
winding. It is alsoworth noting that theavailablebendingpowerat theseanglesis inherentlylarge
and a small loss resultingfrom less than optimal field distribution would not be serious. The
primary purposeof the pole steel at largeradiusis structural supportandcan, therefore,easily
accommodatesubstantialaccessfor muon chambersupport,alignment,etc.

Both the ALEPH andDELPHI magnetat CERN, and the MFLF-B magnetat theLawrence
LivermoreLaboratory, have used the thermosiphon-cooling method, while many other fusion
magnetsuseforced-flowcooling of theconductor. In thepresentdesign,both methodsareusedto
combinetheirrespectiveadvantagesto offer redundancyfor higher reliability. The first cooling
systemusesthe therrnosiphontechniqueto cool the aluminum supportcylinders to which the
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Fig 3.1-1 Elevation view of the baseline magnet

Fig 3.1-2 Muon Momentum resolution at 500 GeV1c as a function of i

Fig 3.1-3 Field map of the solenoid with a typical pole treatment
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conductoris bonded. The coil support cylinder has tubing attachedto the outsidewhich is
connectedto headerson the top and bottom to promote free convection. This loop handlesall heat
loads to the magnet, including thermalradiation, cold mass support conduction,and joint heating.
The coolingsystemis a very reliablepassivesystemthat doesnotrely on pumpsor therefrigerator
to maintainoperation.

The detailsof the conductor can be seenin Figure 3.1-4. It consistsof a standardniobium
titaniumcablecontainedinside of a heavy-walledconduit. A small volumeof helium, which is in
intimate contact with the superconductingcable, flows within the conduit. To greatlyincreasethe
thermalcapacityadjacentto the current-carryingsuperconductor,a secondcircuit from the liquefier
usesa straightforwardforcedflow cooling systemthat circulatessinglephasehelium. The forcel
circulationloop is recommendedin additionto the naturalconvectionloop for two reasons:

* It providesthermalcapacityadjacentto the superconductor.Metals have extremely low
thermalcapacityat4.5 K. Without thehigherthermalcapacityof thehelium, theconductor
would be extremely sensitiveto thermalperturbationsassociatedwith conductor motion, and
the risk of a quench would be high. The helium in the conductor increasesthe critical
energy margin up to 3.9 Joulesperpoint perturbation.

* The slight flow in the forced flow channelis in directcontactwith conductorjointsand
distributesjoint heatingover largeareassoit can bemore readily carriedaway by the natural
convectionloop. The forcedflow loop eliminatesany possibilityof hot spotsin the
conductor,andthe naturalioop removesall theheat. This designcombinesall of the
benefitsof winding andimprovedthermodynamicstability of cableandconduitconductors,
which offer energymarginsthatareone to two ordersof magnitudegreaterthan those
associatedwith theindirectly cooledwindingsof the abovereferenceddevices.

Theheat leak for thesuperconductingmagnetis estimatedat approximatelyl190 watts whici
includes thevapor cooledlead flow. The thermosiphoncooling systemwill function until the
liquid helium volumeof thestoragedewarfeedingthesystemis depleted.This makesthe system
reliablesinceit is independentof refrigeratorinterruptionsorshutdowns.A largesurfacestorage
Dewar can be usedto provideup to forty hoursof operationwithout powerwhich is more than
adequatetime to makemajorrepairsto therefrigerator.

A 12 x 24 squaremeterbuilding containsall thecryogenicsupportequipmentandhousestI.e
controlsfor thecryogenicandotherdetectormagnetsupportsystems.The only componentsin tie
detectorhail are thetransferlinesanda small thermalsiphondewarmountedabovethedetector.

For therefrigeratorplant,screwcompressorswill beinstalled. Theyareofprovenreliability tn
helium operation andcapableof continuousserviceover periodsup to 8000 hours without
maintenance.To preventair infiltration into thehelium gasstream,thesuctionpressureis kept
aboveatnosphericpressure.

For thecold process,theplant hasacold box placedin the surfacebuilding. The refrigeraior
cold box is equippedwith gasbearingturbines. The turbinesareappropriatefor reliablelong term
service,with minimum downtime for maintenance.They arereadily accessiblefor maintenance
andrepair. A surfacedewaris in placedstrategicallyto minimize thelengthof line from thedewar
to a local thermalsiphondewarjust abovethedetectorin theundergroundhail. The local thermal
siphondewarsubcoolsthe helium before it flows to the superconductingcoil andseparateshe
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Fig 3.1-4 Coil end section
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return warm helium and allows only helium gas to return to the surface to the refrigeratorlow
pressureside.

A 40,000ampere1.5 megawatt power supply could energize the magnet to full field in
approximately4 to 8 hours, limited only by structural heating. The energy dumping systemcan
dischargethe magnetin approximately 10 minutes.

3.1.4 Magnet Manufacturer andSchedule

The major magnetcomponentsconsistof large, but simple,cylindrical shells. Manufacturing
must be on site but is in most respectsstraightforward. The method of coil winding is shown in
Figure 3.1-5. The single layer winding will enable manufacture with simple tooling and a
minimumof manufacturingengineeringdevelopmenteffort.

The coil will be manufacturedinto completeindependentsectionsand the force containment
and cold masssupportstructureswill be designedto permittesting to full currentwithout the
magnetpoles.

3.1.5 Fringe Field Effects - SafetyandInterfaceIssues

Stray fields areexpecteddue to the absenceof controlledflux return paths. The predicted
spreadof the field is shown in Figure3.1-6 andwill requirea careful surveyto ensurethat all
componentsin theundergroundhall andsomesurfaceequipmentareeither suitably shieldedor
designedto avoid the influence of the field. The magnetic fusion community hasa long recordof
successfullyoperatinglargehigh field u-shieldedmagnetssurroundedby technicalcomponents.

It is assumed,at this moment, thatan interlock systemwould ensurethat themagnetwould be
turnedoff when personneldescendto theundergroundexperimentalhall and that therewould be
patrolsbeforeturning themagneton again to ensureall small, loosemagneticmaterialstools,etc.
are removed, There are existing similar environments where cranes,electronic equipment and
other actuatingcomponentsfunction normally whencorrectlyspecified,positionedorshielded.

The surface operations building maybe themain concerndueto the presenceof monitors and
computersbut, iron shieldingor field shapingcoils cancompensatefor this situationandwhilst
this may induce a cost factor, this cannot be compared to the cost of iron or another large coil to
return the flux.

3.1.6 ResearchandDevelopment

All elementsof the designhavebeendemonstratedat adequatescaleto reduce the required
R&D effort to modest scale verification tests and simulated surface demonstrations. The
manufacturingengineeringeffort will alsobe quite modestdueto the simplicity of theproposed
designandmanufacturingtechnique.

Parallelpath engineeringsstudieswill continueto exploretechniquesby which performanceat
low anglescan be improved. Basedon existing work, it is reasonableto expectthatthe low radius
field shape can be modified to increase the radial componentto achieve5% resolution
approximately10 teslam2 downto 5. The methodsandcostsby which this canbe achievedand
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Figure 3.1-5 Coil Winding Scheme

Figure 3.14 Stray fleld of the Unshielded Solenoid
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their impact on calorimetryand the ways in which they might be stagedfor future upgradewill
continue to be studied. The size, simplicity, andextremeconservativismnof theproposedbaseline
will offer considerableflexibility and adaptabilityfor future modification and/or upgrade. This
flexibility should be of considerablevalue.
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3.2 Muon System

Precisionmuon systemsfor SSC experimentsset the scale for sizeand weight and therefore
have a major impacton the overall cost of the experiment. Onemust therefore carefullyspecify this
systemto optimize andbalancephysicsperformanceof the overall detector.As a complementary
experimentto the SDC, this experimentintends to provide a muon system with enhanced
capabilities-betterresolution,betteracceptancein rapidity, andbetterhigh luminosity capability.
The justification for this comesfrom considerationof thephysicsgoalsandopportunitiesat the
SSC.Precisemeasurementsof muonsenhancethe discoverypotentialof this detector.This comes
about through the statistical enhancementof the lepton signals,and throughthe uniquely clean
environmentfor measuringmuon momentumwith high precisionin the low rate environment
outside of the calorimeter. At high luminosities, it will be easierto makeprecisionmomentum
measurementswith this muon system,comparedto measurementsmadeinsideof a calorimeter.
Precisionmuonandelectronmeasurementsenableaphysicscross-checkin thesetwo channelsbut
with different systematicerrors. Since muons can be measuredin close proximity to jets,
measurementsof suchchannelswill alsobe very importantfor the study of signalsof new heavy
flavors. And most importantly, precisionmomentummeasurementsof muonsoutsideof the
calorimetermay very we’d be the most reliable and robust way of identifying unexpected
phenomenaat the SSC.

Our intent is to design a system taking advantage of the work done to design the L*
experiment. Basedon theconceptsthathavebeendevelopedin L3 and othersegmentsof our
collaboration,we areconfidentthatan outstandingmuon system and magnetcan be designedand
built for an acceptablecost.Oneexampleof sucha systemis describedin Chapter5.

Our starting point for thinking aboutthe muonsystemfor the seconddetectoris to utilize a
magnetsuchasthat shownin Fig 3.1-1 which eliminatestheflux returnandretainsonly sufficient
iron in the poles to shapeandisolatethefield from the surroundings.This design,describedin the
magnetsection,is significantly lessexpensivethana magnetwith a flux return. Much engineering
effort hasbeenexpendedon magnetdesign,on costparamenizations,andon chambersupportand
alignmentthat will be incorporatedandretainedin thedesignwork for the new experiment.

The muon momentumresolutionfor this magnetis shownin Fig 3.1-2 which providesa 5%
momentumresolutionat r =0 and500 GeV/c momentumutilizing high precisiondrift chambers.
The z-coordinatesareprovided by separatechambersandnigger information is provided by
ResistivePlate chambersRPC.

The muon systemgroupfor theseconddetectorconsistsof over 30 physicists.Supportingthis
group is a strong engineering team from nationallaboratories,magnet laboratoriesandindustry.
The major engineeringefforts areon magnetconfigurationsaswell ason detectorplacementand
technology.There is a consensuswithin the group that improvements in costeffectivenessand
performancecan be achievedby tuning the designparameterssuch as the number of tracking
layers, themagneticfield, theshapeof themagneticfield, the resolution per trackinglayer,andthe
lever arm. There is generalagreementthat the basic designphilosophy, namely that of tracking
with preciselyalignedmuonchambersin alargemagneticvolume, shouldbe preserved.

To improve the momentum resolutionin the forwaid regions,wewill considervariationsof the
designby shapingthe field with iron poles or additional coils, andwill explorethe optimum
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placement of chambers inside and outside the field regions. Initial studies indicate that
redistributionof chambersto takeadvantageof availableexternal lever arm canprovide improved
resolution. A more radical departureis the employmentofa high field compact solenoid.

Several detector technologiesare being consideredby this group. We intend to narrow the
choicesin the near future to husband the limited resources-financial,engineering and intellectual.
Selection will be basedon performance, viability, cost effectivenessand R&D progress. The
system chosenwill be affordable, will measuremomentum precisely andreliably over a wide i

range, will have sufficient pattern recognition and z-coordinatedetermination capabilities, andwill
providea fast trigger which can tagbeam crossingsreliably.

Representativetechnologiesinclude the baselineL* system; a system basedon high precision
drift tubes augmóntedwith streamer tubes;a systemutilizing streamer tubes with wire andstrip
readout; and a systemof high precision interpolating padchamber which provideunambiguous
spacepoints.

The baseline system rests on proven technologyalreadydeveloped.Our confidencein this
system is basedon the experience of costing algorithms, and of performance both in terms of
alignment and resolution perwire.

The hybrid drift tube/streamertubesystem builds on extensiveexperiencein drift tubes for
high precision measurements.Drift tubes are robust, inexpensiveand relatively insensitive to
magnetic field strength. Systems employing drift tubes have demonstrated high-resolution
performancein both muon and centaltracking systemsevenunder the hostile conditions of space
and varying magnetic fields. A system is proposedto measure sagittas utilizing 24 layers of
pressurized4 cm diameterstainless steeltubes providing 100 jun resolution per tube layer. The
drift tubes would be augmented by larocci tubeswith wires providing a fast trigger, and stereo
strips providing the z-coordinateand resolvingambiguities to enable good pattern recognition.

A slight variation of this systemwould use only larocci tubes.R&D efforts have demonstrated
high inthnsic resolution for streamertubesutilizing either wires or cathode strips. Reading wires
and strips in the samegas gap provides strong correlations for sorting multiple hits with either
charge or time measurements.Thesetubes have beenproducedinexpensivelyand reliably in large
quantities while providing large fast pulsesimpervious to ambient noise.An SSCsupported test
beam effort is ready to takedata at FNAL now, to study performancewith high energy muons.

A different approach proposesusing interpolating padchambers, originally developedfor the
high multiplicity environmentof heavy ion physics.Thesechambers providehigh resolution space
points lessthan 100 pm, andcan alsoprovidefast pickoffs for trigger purposes.They are robust
and relatively insensitive to magnetic field, but are sensitivein the wire direction to angleof
incidence,which thereforerequiresa high multiplicity of wire segmentsin azimuth. The aim of this
schemeis to reducethe number of detector planes by providinghigh resolution andgranularity in
eachplane. The readout lendsitself to a high degreeof multiplexing.

Independent of the final technology choice, uniform requirements will be imposed for
alignment and support of the chamber superlayersand will utilize the extensivework alreadydone.
Simulation efforts are now underwayto providean objective comparison betweentechnologies,as

Page 3-16



well as betweenmagnetanddetectordeploymentoptions.Given the limited funding, we expectto
prioritize ourchoicesbeforethe beginningof the fiscal year.

In summary, the original designprovides a strong basefor our muon chamber system that has
been demonstratedto meetthe necessaryphysicsgoals. In light of the strengths available in the
new collaboration, we are reevaluating the designconsiderations.This reevaluation is aimed at
providing a lower costand a technically superior system.

Page 3-17



3.3 Calorimetry

The calorimeteris a crucial elementof the proposeddetector. Calorimetry identifies and
measuresthe energyof photons,electrons,muons,jets, and neutrinosby missingp,. The
calorimeter also provides fast triggering capability in responseto energeticparticles. The
performancespecificationsof the calorimeter are driven by the requirementthat this detectorbe
complementary to the SDC detector. Consequently, the calorimeter must be hermetic and have
excellentenergy resolution for electronsand photons, as well as goodresolution and linearity for
hadrons through either realor effective compehsation. The calorimeter must be capableof fast
response,have adequatesegmentationfor good position resolution and for isolation cuts, provide
precision over a large dynamic range, determine single-photonvertex, providetwo-y separation to
high energy, and be capable of surving in the high radiation environment of the SSC. These
requirements aje summarized in Table 3.3-1.

The energy resolution of the electromagneticEM portionof the calorimeter is an important
issue. Superior resolution is requiredfor the searchfor the Higgsin the low massrange80 to 180
0eV through its yy or ZZ decaymodes.The resolution is characterized by GE = A / ‘IE e B,

where the "e" indicates that the terms addin quadrature. For a viable Higgs discovery in a two-
year period at .1. = l0 cnr2 s-1’ simulations show thatA needsto be smaller than 7.5% and B
about 0.5%. This performancecan probably be achievedwith fine-sampling calorimeters, but it is
near the limit of what can reasonablybe expectedfrom thesedevices.Significantly better energy
resolution A-1.3% might be possiblewith total absorption homogeneouscalorimeters, such as
BaP2 or liquid xenon. In addition to enhancingthe discoverypotential for the Higgs, such high
resolution may add substantially to our capability to discover unpredicted phenomenae.g. narrow
resonances.On the other hand, a homogeneousEM calorimetercombinedwith a sampling hadron
calorimeter may not be sufficiently compensatingsincethe first - 1.7 absorption lengthsare in the
non-compensatingEM section. Furthermore, homogeneouscalorimeters have beencostedto be
more expensivethan sampling calorimeters.

A high-resolution calorimeter system requires uniformity, precise in situ calibration and
monitoring, stability to c 0.5% in a strong magnetic field, and a high degreeof resistanceto
radiation damage.For the physics goals of a high-energy, high-p.1 detector, it is the constant term
B in the energyresolution which dominates the calorimeter performance. This is particularly true
for electromagneticcalorimetry for which the desired precision is high and the sampling term is
small. To choosebetween competing calorimeter technologies,demonstration of radiation
hardness,calibration, robustness and uniformity with an existing testedsystem will be very
important.

As a high-energy, high-luminosity hadroncollider, the SSCplacesextreme demandson the speed,
dynamicrange, segmentation,andtotal depth absorption lengthsof electromagneticand hadronic
calorimetry. Speedis particularly importantfor the identification and precise measurementof
isolatedelectrons and muons,which is essentialfor our physicsgoals. Speedis alsoessentialfor
the first-level trigger systems. A dynamic range extending from minimum-ionizing muons through
the decayproducts of multi-Tev Z’ bosonsis very challenging for calorimeter systemresponse.
Lateral and longitudinal segmentationhas important consequencesfor particle identification and
precision measurement,and will be optimized as part of the overalidetector design. As with

Page 3-18



resolution and calibration, we place a premium on demonstrated system performance in rate
capability,dynamic range, particle identification, and limitation ofpunch-through.

Table 3.3-1 Calorimeter Requirements

Awibute
Survivability

Physics Requirements
io cm-2 sec’year1

Specification

EM .cloMrad
HAD ci Mad

Forward <3 Grad
DynamicRange

EM Low-50 MeV ShowerTails iO

j’.Afl

High-S TeV Z’
Low-3.5 GeV g
High-15 TcV Jets

10’s

EnergyResolution EM H - 3t. 90.5% or

HAD

r’z
z-jj

Compositeness

il
-91%-Jt
G2%

2%
4

rimeResolution
mt

HAD jet,p.

cl6ns
<lóns

Noise
EM ely Isolation SET <5 GeV

in A R = 0.2
Depth

EM
HAD

Resolution
Punchthrough

25-30Xo
12-15?.

Hnictidty H-+llvv Ap<vBkgnd

TI -5.5
Segmentation

EM
HAD

Ax-lmm,n±/yOverlap
Z-jj
muonenergycorrection

Ai=Atp0.O5
Ai=Aç0.1
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Another important issueis hermeticity. Its specificationis set by the magnitudeof the missing
ET from neutrinos;thecalorimetermustcoverout to Ii I = 5.5. Many of the physics signatures
relying on v detection require a hermetic calorimeter throughout this range. While the need for
forward calorimetry with 3 < TI I <.5 is clear, the forward region presents some formidable
rate and radiation problems.

The forward calorimeter has the largest rapidity coverageper unit areaand pershowersize. It
must withstand a radiation doseof - 1 Grad/year andmeasureenergiesapproaching the 20 TeV
beam energy. Our calorimetry choice is also guided by the overall requirement to provide fast
responsetime and goodenergyresolution.

A high resolution preradiatorin front of the calorimeter adds considerably to identification and
position and angle measurementfor electronsandphotons. A preradiatordetermines the point of
initiation of an electromagneticshowerwithin one radiationlength in radialposition and0.5 mm in
both transverse coordinates.Up to - 100 GeV it can discriminatebetweensingles andic0s by
observingthe origin of both gammashowersfrom a it0. This discrimination, calculated to be
about a factor of - 20 on the basis of beam tests at FNAL, is essentialto the trigger for H - yy
and the elimination of it0 background. The preradiator measurementof the initiation point of?
induced showers, in conjunction with the shower centroid location from the calorimeter,
determines the direction of the7. This y "pointing" is essential. A calorimeter with longitudial
segmentation may alsoprovide this "pointing". A preradiator alsounambiguously associatesa
shower with an interaction point, a feature that is valuable if the calorimeter is slow. By
discriminationagainstchargedtracks which deposit very little energy in the preradiator,the a°
contamination in the electronsamplecan be reducedby at leasta factorof 10 below that achieved
by slower-shapeor timing cuts in the calorimeter. Contamination of the electron sample by
accidental overlap of charged tracks with y’s can be suppressedby detecting the displacement
betweenthe charged track and the origin of the showerof they. The tagging of b-quark jets by
electronsis alsoenhajwed elecmnshowersare resolvableevenwhen they are comparatively close
to the jet axis.

The number of calorimeter technologiesfor the SSC under developmentby collaborators on
this Expression of Interest is rather large. These technologies, with their main attributes,
disadvantages,and R&D programs, are succinctly described in Table 3.3-2. The tabulation
displays the breadth of calorimetry experience within the group. No set of technologies
immediately emergesas the obvious choice. Therefore we have made no selection in the few
weekssince the formation of this collaboration. Nevertheless,a processfor narrowing the options
to two or three systemsby the submissionof the WI hasbeenput into place.

First, an intense review over the next few months will determine whether homogeneous
electromagneticcalorimetryis necessaryfor the physicsof this proposal. This decisionwill drive
the R&D programfor FY92. The next branch point,completion of the Technical DesignReport at
the endof FY92, will seethe definition of one or two systemsfor final R&D work in FY93. The
primary goal will be the testing of the chosenEM section in front of a hadronic compartment that
completelycontains a hadronic shower. For the baselinecosting exercisein this document, three
possiblecalorimetry configurations have beenevaluated. The first consistsof a BaF2 or Liquid
Xenon EM sectionfollowed by a liquid scintillator hadronic calorimeter read out by wave shifting
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fibers. The othertwo configurationsair fully integrated combinedEM andhadronic;oneis based
on liquid argon and the other on scintillating fiber. Figures 3.3-1, 3.3-2 and3.3-3 show these
systemsrespectively.

Table 3.3-2 Calorimetry Techniques

TECHNIQUE I ATTRIBUTES I DISADVANTAGES R&D EFFORTS REF.

HOMOGENEOUS ELECTROMAGNETIC
BaF2 Crystals

.

Ultra-high resolution-
stochastic term -13%

Fast-3 ns peaking
tail cl0 after 35 ns

Untestedtechnology

Radiationdamageunless
pure to ppb level

Suppressionofslow,
dominantlight-K-Cs-Te

othodesunry
Low densityhigh Moliere

radius 2-4.7 cm
degradesisolation cut

ExpeSve
Pipingof 220 mmUV

light to PM’s axial to B
Field

awn
-

Calibration &
monitoring

Refining materials

Phoaxathodesunder
development

UV prisms

1

Lzqwd Xenon 3 depth segmentation-
angularresolution

Very high light production
1O ‘GeV

Ultra-high resolution-
stochasticterm-1%

Fast

°°-°‘
Calibration with Cs

Untestedtechnology

Ezpensi’.e
Availability- 8 yrs. of

U.S. supply
Cryogenicdewar

Low densityhigh Moliere
radius= 2.7-5.6cm
degradesisolation cut

tty

Largen
phocodiodes

Light attenuation
length

Wall reflectivity

2
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Table 3.3-2 Calorimetry Techniques cont

TECHNIQUE I ATTRIBUTES I DISADVANTAGES I R&D EFFORTS REF.

EM/HADRONIC
Silicon Ultra-high spatial/angular

resolution
Very expensive Newproduction

techniques
3

Liquid Axgon

.

EM only:

Mature technology

Experiencewith construction
of largesystems

Uniform response

1O dynamicrange

Gain I
Simple calibration

7%pIE e0.5%
resolution f
geometry

Dewarwalls, supportsetc.-
degradehermeticity

SpeedMoisetradeoff-
isolationcuts

Integrationtime-
4Ons;pileup

Preampsinside dewar-
reliabilityhnaintenance/
hatas

Cryogenicsystem
Largesamplingfraction

e/h-13
Positiveion buildup at

high luminosity
"Actordtofl" mechanics

nontrivial forprojective
geometry.

Largesamplingfraction
aM

Detaileddesign

Fastshaping
preaznps

Undertest

Detaileddesign
1 mm Pb plate to be

tested

Needsdetaileddesign

4

5

Scintillating Fiber

EM only:

Fast - 0E andtilt in 16
trigger,32 us integration
time

Hermetic- no
walis/suppon&’cracks

Jr/c rejection
l& via "electroniC

segmentation
Demonmmedperfume
Simple construction,
modular,inexpensive
Uniform response- 0.5%

ovaface

6%pIi&monsoated
JETSETresolution
for 50% fiber

10 Mrad sensitivity i.e.,
lives

2yeats1&4I1<
3
No intrinsic depth

segmentation
ShortL and

.

Calibration/monitoring

Compensating0.5mm
fist

Must tilt fibers at 3°

G influer.ce
Ratedepenice

Fiberhardening

Conaruction
techniques,cost
effectiveness

Detaileddesign

Undertea

6

7
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Table 3.3-2 Calorimetry Techniques cant

TECHNIQUE ATTRIBUTES J DISADVANTAGES f R&D EFFORTS REF.

HADRONIC
Liquid Scintillator-

Wavelength-
shifting
Fiber readout

.

Fast,2ns peakingtime
Easyto replaceliquid if

radiationdamageoccurs
Fine segmentation
lO dynamicrange
Inexpensivetechnology
Simple modularconstruction

Leaks
Radiationresistanceof

fibers > 10 Mrad
New, untestedlight

collection technology

Leakproofdesign
Improvesradiation

resistanceof fibers
Demonstration

prototypesand

Chemicalcompati
bility o liquid
fiber

9

ScintillatorPlates
Wavelength-
shifting
Fiber readout

Similar to liquid scintillator,
but not replaceable

10-Mradsensitivity-2
y.as j0 3

rdu elje
not yet established

Untestedlight collection
technology

ImprovemdiSim

resistanceof fibers
and scintillator

FotOt}’Pesand
55111 teStS

8

FORWARD CALORIMETRY
Liquid sdilitillator

capillaries
Fast

Hermetic

Good resolution
Inexpensive

Uniform response
Compensating
SmallMoliere radiusin

tungstenversion
Safe

Circulateandfilter for
> 10 Mmd dosage

Not proven in a large
experiment

Leaks

Readoutdynamicrange

Rathaidnes

Liquid monitoring
andrecycling

Engineeringof leak
proofdesign

Calibration

10

LiquidArgon SeeLiquidArgonentry
above
SmallMoliereradiusin
tungstenversion
RMd

11
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Table 3.3-2 Calorimetry Techniques cont

TECHNIQUE I ATTRIBUTES I DISADVANTAGES R&D EFFORTS REF.

FORWARD CALORIMETRY coot.
High PtesswtGas

-

Fasterthan liquid Argon

Rathard
Small Moliere radius

Inexpensive
Robust

ept not rneasuitd

Leaks
Not proven in a large

experiment
Untestedtechnology
Safety
Long term gain stability

12

Engineeringdesign

WantLiquid - ThIS Fast

Rathard

Largedynamicrange

Small Moliereradius-
uraniwn/tungsten

Compensated

Purity maintenanceto
ppbflnaterials
compatibility
Calibrationunproven
Not provenin alarge

experiment

Expensive

Electronicsembeddedin
thedetector- tad bard

Safety-flammability
Radiolysisproductionof

gasand long lived
isotopes

Testof a prototype

Electronics
development

Completeengineer
ing workup

R&D on radiolysis
products

13

PRERADIATOR
Scintillating Fiber High spatial resolution - 0.3

mm - . E°’S

Inexpensive
Matchestowergeometryin

onedimension

Stereo- ambiguities

Readoutundeveloped

Light yield
improvement

Readoutsystems

14

SiliconPads/strips Pad/stripstructure- no
ghostsor shadowing

Projectivein 2-D

Spatialresolutionc 0.5mm

Fastsinglebunchresponse
Only 15k readout channels

Specializedreadout3/4
bits/chto bedeveloped

Twotrackresolution4.5
mm E° veto for <50
3eV at lm

Electronicsand
detector
developmentand
testing

Demonstration
devicewith readout

13
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TECHNIQUE I ATTRIBUTES DISADVANTAGES R&D EFFORTS REF.

PRERADIATOR cont.
Silicon Drift ci mm precision for Readoutundeveloped Demonstration 16

excellent ‘y/n0 separation Cost unknown devicewith

at4Xo depth
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3.4 Tracking

The baselinecentraltrackermakesuseof an inner silicon microstripsubsystem,andan outer
strawtubeandscintillating fiber subsystem.Simi!ar to thedesignof the L* centraltracker11,this
baselinehasbeenalteredby severalsignificantsimplifications.Our goal hasbeento maintainthe
basicperformanceof theL* design,but to take advantageof possiblereductionsin cost. We are
alsoconsideringseveraltechnologieswhich havebeenrecentlysuggestedasdesignoptions.

Figure 3.4-1 is an elevationview which displaysthe central tracker layout. Figure 3.4-2
displaysthetrackerendview. The total radial leverarm for momentummeasurementsis thesame
as the L* case,with the innermostsilicon detectorsat 12.75 cm andthe outermost scintillating
fibers at 74.5 cm. Thus,the momentum resolution is not significantly changed.The trackerlength
is nominally the same,as well. However, several significantdesignsimp!ificationshave been
madeto reducecost.The primarychangesare:

The outer silicon subsystemdiameter hasbeenreducedfrom 90 cm to 70 cm, maintaining
the samenumberof silicon microstriplayers,but reducing the total area instrumented by
silicon.

* The innerradial positionof the forwardsilicon planeshasbeenincreasedto 12.75 cm, from
10 cm, and the most forward planeshave been taperedback to larger inner radii. This
change providesmorn efficient coverageof the detector acceptance,and reflectsresults of
recentsimulations of theradiation dosesin the forwarddirection.

* The reductionin theoutersilicon subsystemradius,andthe taperingof the forwardplanes
permits us to reduce,from two to one, the numberof detectorwafers requiredto span the
radial thickness of each of the forward planes.This reducesthe numberof microstrip
readoutchannelssharply,lowering thecostwith no significantdecreasein performance.

* The threestraw tube superlayers have 16 tube layers, reduced from 20 in the L* design.
This results in a modest loss of pattern recognition efficiency which is being carefully
studied. In previous studies it was found that 12 layers were required to resolveleft-right
aspbiguities,providing confidencethat 16 layers is adequate.

* Optoelectronicreadoutof the straw tube system hasbeensimplified by multiplexing the
straws in groups of 8.

3.4.1 PhysicsPerformance

The principal functionsof thecentraltrackerare:

* Determinationof the eventvertexto separatepileup eventsfrom realevents;

* Separationof photons from electrons;

* Measurementof chargedparticlemultiplicity;

* Identificationof secondaryverticesof long-livedparticles;

* Measurementof chargedparticlemomentaandchargesign to identify leptons,photonsand
hadronicjets.
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The generalfeaturesandperformanceof thecentraltracker,exceptinsofarasnotedabove,art
the sameasthosepresentedin the L* WI pages38-39.

3.4.2 Additional Options

The use of silicon pixel detectors,silicon drift detectors,and interpolating resistivepad
chanbershave beensuggestedaspossible substitute technologicaloptions to the baselinedesign.

Pixels offer thepossibilityof point measurement,as opposedto projectivemeasurementwith
silicon microsuips. They have beenthe subject of an SSCL supportedsubsystemR&D program,
thoughthis technologyis lessmature than silicon microsuips.

Similarly, silicon drift detectorshave beensuggestedasnonprojectivesilicon detectorswhich
offer the promiseof severalmicron precisionwith ordersof magnitudefewer readoutchannels12.
They provide a signalpipelineseveralmicrosecondslong within thevery volumeof the detector.
They pennit reducedpowerconsumptionwithin the detectorvolume, mitigating the severecooling
challengealreadyunderstudy in thesilicon microsthpR&D program.Solutionsto theprecision
supportof silicon microstripsareonly indirectlyapplicable to the silicon drift detectoroption, so
that the programof mechanicalstudies should be extendedfor this option. Thesedeviceshave
neverbeenproducedon a commercialscale,nor have they beenstudiedfor radiationresistancein
an SSCenvironment. This may increasethe vulnerability to signal lossdue to radiation induced
chargetrappingalongthedrift path. With an aggressiveprogramof radiationdamagestudies,
commercialization of the devices,anddevelopmentof precision radiation resistant supportand
cooling technology,thesedetectorsmayprovide an attractiveoption for the centraltrackerinner
layers.

Gas proportional chambers with interpolating segmentedcathodesl3 may provide a
nonprojectivesolution for robust outer tracker layers. Thesedevicesprovide a spacepoint
measurementof the trackpositionwhich can significantly simplify thepatternrecognitionproblem
andeliminatethe needfor many layersof straws or fibers. The high degreeof segmentationand
parallel readoutmake thesechambersattractive for operationin high rate, high multiplicity
environments.The information they providecan be usedin the on-line trigger. Studiesof chamber
gases,radiation resistance,precision mechanicaldesign options, and low cost analog readout
electronicswith radiationresistantcomponentsareneededto advancethis option to comparable
developmentalmaturityasthatreachedin the strawtubeand scintillatingfiber R&D programs.

3.4.3 BaselineR&D Issues

In order to advanceupon the achievementsof the relevant major subsystemsR&D programs
for centraltacking, studiesof the remainingdetectorspecificissuesarerequired.During FY1992,
thedemonstrationof stablemechanicalprototypesof single-sidedmicrostripbridges,bondingof
single-sidedwafersback-to-back,prototypeoptoelectronicmodulatorswith sufficient radiation
resistanceand of extremely compact form are requiredfor the silicon subsystemdesign to be
advanced.Stablemechanicalstrawandfiber subassembliesmustbe fabricatedand tested.Endplate
solutionsshouldbe prototyped.Optical mating of the scintillating fibers, light pipe fibers and
multichannel photomultipliers should be demonstrated.The photomultipliers producedfor this
applicationby industry shouldbe tested.VLPCs must becomeavailablefor testingandevaluation
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as an alternate readout for fibers. Assembly, placement and alignment technologiesmust be
demonstrated.

We propose to carry out the necessaryR&D activities for the baseline and alternate
technologiesso thata downselectioncan be made in late FY1992 to define our centraltracker
configuration for a technicaldesignreport.
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Fig 3.4-1 Elevation view or the baseline central tracker

Fig 3.4-2 End view or the baseline central tracker
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3.5. Triggering and Data Acquisition

A trigger and data acquisition DAOJ group met for the first time at the June 11-13 2nd
DetectorWorkshop. Several institutions BNL, Boston, Columbia, LANL, LLNL, Michigan
State, Mississippi, ORNL, Princeton, SSCL, Temple, and Yale expressedan interest in this
aspectof the detectordesign.

There has not beentime to specifya trigger/DAQ designin any detail.Initial studies, however,
will assumea conventional three-level trigger 1,2] In that approach Level 1 is assumedto be
synchronous i.e. a decisionoccursa fixed number of bunch crossingsafter the interaction; Level
2 is asynchronous,but monotonic decisiontimes vary, but occurin the sameorder as the events
survived Level 1; and Level 3 consistsof an event builder plus a massivelyparallel "processor
ranch".

At the workshop we identified a number of issuesin needof immediatestudy. Theseinclude:

* Definition of a triggerand DAQ architecture. This work will depend on the results of the
studiesoutlined below.

* Level 1 MonteCarlostudies. We will developa table of Level 1 thgger rates as a function
of p.r’ and the number of c’s, ix’s, s, and/orjets required. The requiredcalculations will
be performedusing realistic detector geometriesandwill include as much of the relevant
detector-responsephysics as possible. Where more than one detector option exists,ease
of-triggeringconsiderationswill provide input to the selectionprocess.

* Level I muonDiggerdevdopment.This is especiallychallengingsincethe typical drift times
for muon detectorsaretoo long to permit straightforwardtagging of the bunch crossing in
the first level trigger. Moreover, unlike calorimeter triggers, where raising the energy
threshold provides a solution of last resort, a muon thgger can malfunction in such a way
that high p. very stiff cracks and low-to-moderate p. fairly stiff tracks are rendered
indistinguishable. One possibility for the muon trigger is the resistive plate chambert31
RPC, which offers the possibility of suitable spatial segmentationin combination with
good timing resolution. The choiceof muon trigger will likely depend on the choiceof
muon detecto and once again ease-of-triggering will be a criterion in the designof the
muon system.

Level 2 triggers. Study is neededto developstrategiesfor refined identification of leptons,
photons,and jets. The Level 2 electrontrigger is ofparticularimportancesince it may have
an impact on the design of the calorimeter and the central tracker. Whatever the choiceof
detector, extracting and rapidly processing the relevant signals presents an interesting
technicalchallenge.

* Front-end electronics. Although impressiveprogresshasbeenmade on techniques for the
Level 1 pipeline delayt4, the importance of this problem calls for additional effort. We
intend to consider fully digital and electro-optic modulator15’6]schemesas well as switched-
capacitorarrays.
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* DAQ and simulation. As the design of the thgger andDAQ system evolves,extensive
simulation efforts will be neededto detect dataflowbottlenecksand other designflaws at an
early stage in the system’sdevelopment.

We plan to address the aboveissuesthrough a vigorous R&D effort. To ensure that financial
andmanpowerresourcesareoptimally applied,we will meetas a group in the very near future. At
that time we will review the list of tasks and the lines of research proposed by the interested
institutions.
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4.0 DETECTOR HALL AND SURFACE FACILITIES

In developingourbaselinedesignand in considering variations,we have paid closeattention to
the constraints imposedby the designpossibilities for the detectorhail. The underground hail at
KR-I currentlyunder study by the SSCL, and by the architect/engineerPB/MK’J appearsto be
consistentwith all currentlyconceiveddetector variations. Furthermore, useof the currenthalt
designavoidsthe scheduledelayentailedin any majorredesignof the hail.

Figure 4-1 shows the isometric view of the ball concept.Plan, elevation andend views are
shown in Figures 4-2 through 4-4 respectively, The architect/engineer proposes use of the
caverningtechnique for the undergroundconstructionat KR-i. This alternative is preferred over the
cut-and-cover techniquedue to the local geology. It permitsa maximumrock-to rock transverse
width of 28m anda finished wail-to-wail clearanceof 26.2m. For both the double-coil L* type
superconductingmagnet, and ourbaselinesinglecoil design,this clearanceis adequate.There may
be a modestscheduleadvantageassociatedwith this construction technique.

The single shaft shown for major installation can accommodateall proposed subsystemsand
large components.The hail length is adequatefor installationand maintenance activities, and
providesclearancefor openingforwardmagnetdoors,withdrawalof magnet end plugs, placement
of forwardmuon andcalorimetrymodules,orplacementof muon systemsexternalto the magnet.
Placement of emergencysumps and cryogenicsfacilities required for liquid argon calorimeter
systemscan be includedin this design.

Due to theserialnatureof the undergroundconstruction operations,the designof thehail must
proceedin an uninterrupted manner lest the occupancydatebe delayed.This would resultin a
shorteningof the time available for detector installation.Designof the hall anddetectorshouldbe
carriedout in parallelwith continuous and effectivecommunicationmaintainedbetweenthedesign
teams.Indeed,reviewof the technicaldesignreportfor the seconddetectoris a major milestonein
the underground hall construction schedule.

Figure4-5 showsthe conceptual layout of the surface facilities proposed at IR- 1. The large
halls are adequateto accommodateconstruction of the magnet designsunder consideration, the
muon chambersandmodules,andthe calorimeters,includingthe liquid argon option.

REFERENCES
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Fig 4.1 Isometric view of the second detector hail concept at ZR-I

Fig 4.2 Plan view of the hail concept

Fig 43 Elevation view of the hail concept

Fig 4.4 End view or the ball concept

Fig 4.5 Layout of the surface facilities at the ZR-i location
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5.0 DESIGNING TO COST AND SCHEDULE

We arc committed to achieving our principal physics goals within the cost and schedule
consiraints.This can be achievedby beingselectivein ourphysicsgoals,payingcloseattentionto
stagingoptions,andexercisingdiscipline at every stageof ourdesignprocess.No option can be
pursuedwithoutcognizanceof the costand scheduleimpacts.

We have curledout a study in order to establishthe plausibility of a designwhich meetsour
physics goalswithin the cost guidelinespreviouslystatedby the Program Advisoiy Committee,
namely,a totai costlessthan $500million. Thisexercisehas beencathedout over the limited time
period during which we formed the new collaboration. The work in progress has been
summarizedin presentations at the PasadenaMay 16-17andsscJune11-13meetings,and
it should be viewed as a preliminarystudy and as a guide to future detailedstudiesof the many
options which arecurrentlybeingconsideredby the collaboration.

In order to maintain complementaryphysicsgoalsto thoseof a generalpurposedetector, and to
designto costand schedule,we have madeuscof the atchitecture of the L* design,andthedesign
and costingeffortscarried out for the L* Laterof Intentandfor scvcralEMPACT andTEXAS
subdetectors.We have built upon theextensivework of the physics and engineeringteamsfrom
thosecollaboraiionsand the work describedherehasbeenadaptedfor this study by the original
teammembers.Thus,our designtoolkit is the opensolenoidalmagneticgeomerxyof L* andthe
subdetectorsof L*. EMPACT,andTEXAS.

In orderto maintainthecredibility of the costesfirnate, we baseall of the coststakenfrom the
L* caseupon the full costsdcscribedin the Reportof the Lt Cost Review Panel,D. Theriot,
chairman,March4, 199I’. We referhcxtafterto this reportastheTheriocpanelreport.For the
EMPACT and TEXAS subdetectorswhich we consider,we have made use of the internal
engineeringandcostestimatespreparedby thosecollaborations but together with the L* Theriot
panel report, severalinternal ssc staff costreviewsand the Reportof the SDC Cost Review
Panelprepnedby theTheñotpanel aswell, we haveattemptedto upgradetheEMPACFIIEXAS
costs in amannersimilar to theprocessthatwe believewouldhavetakenplacehadthatproposal
beensubject to the additional review steps.For example,the internal EMPACTcostestimatefor
the liquid argon calorimeteroption has beenrevised by us to reflect the commentsmadeby the
Theziotpanelin their ievicw of the SDCliquid argon calodmeteroption.

We havenotmadeuseof any technologicaloptionswhich werenotcazefullyincludedin the L
or EMPACT/TEXAS designs,in ott to avoidthc commoncycle in which initial estimatesmade
by physicistsincur large costgrowth as thedesignsam derailedand upgraded.This processhas
alrtady taken place to a large cxtcnt in the subsystems which we have considered.

In reducingthescopeof someof the systems,we have tied to canyout the costscalingwith
somecautionin orderto maintainthe plausibility of the csthnatc.Thus, someattentionhasbeen
paid to thosecomponentsof thecostswhich do not scalebasicengineeringanddesign,major
R&D programelementsand to scalethosecomponentswhich lend themselvesto this action
materials,assemblylabor,inspection.With additional effort, partof this exercisemay result in
somechangesto theestimate,however,we believethat thecostspresentedhereaxeplausible and
generallyconsistentwith the level of confidenceresultingfrom theTheriotpanelreviews.



As explainedin ourearlierdiscussionof theexperimentalhail design,our designexercisemust
becognizantof the limitations imposedby the haIl and the local geology.The principalconstraints
are the transversedimensionsof the hail, thehail length, and the construction access,which affect
the costand schedule.As statedearlier, the currenthail conceptdoesnot limit our designin any
significant way. The most significantinteractionbetweenourdesignandcost,andthehail design,
is illustratedby Figwt 5-I which is taken from Figure ffl.6 ofthe L* Letter of Intent. The curves
indicate the strong dependenceof the L* doublecoil superconductingmagnet coston the outside
diameterdue to the very high magnetic pressureswhich must be resistedby the coil support
svucturvs. The hail clearanceat 26m is an acceptablecompromisebetweenthe civil engineering
limits, magnetcosts and spacerequirements for czyostatsupport. This figure waspmduced by a
parametriccost modelof the L magnetandmuon systemsdevelopedat LawrenceLivermore
National Laboratoryandhas bcen usedto guide several major steps in the designexercise
discussedin thisreport

The hail design andthe integrated costmodelofthe L* magnetandmuonsystemsprovide the
guidancefor the three most significant stepsin this design to costandscheduleexczvise.First, we
retain the caverned hail andthesurfacefacilities studiedby the SSCL and the alvhitcct/enginecT
finn. Second,we adoptthe L* superconductingmagnetoption as ourstarting point. This optionis
superiorto theitsistive magnet in meetingourphysicsgoals andappearsto peimit a significantly
shorter ficiliry andmagnetconsnctionschedule.ThinS, wechooseto relax the muon momentum
resolution to 5% for muons at 90 degreesand 500 0eV/c, from that chosenby the L*
collaboration.Our choicemeetsour principal physics goals and makespossiblevery large
reductionsin cost

In orderto facilitate theuseof the Theriot panelcostitsuits in a npid curnaiuund exercise,we
havechosento usetheL* basecostspublishedin Table4 of theTheriotpanelmport to accountfor
thedirectcostsofmaterials andlabor.The Theilot panelrvcommcndedonly a $2 million changein
the $507million resistiveoptionbasecostsandno changein thesupcrconducüngoption costs.

We have taken thehighercontingencyandEDI&A estimatesderivedby theTheriotpaneland
spreadthem evenlyover all of the L* subsystems.Thus,from Table 1 of the Theriotreport, the
total directcostsare$507million. The contingencyandEDI&A appliedby theTheriot panelraise
theestimateto $714million. The ratioof thesenumbersis 1.41. We have usedthis ratio uniformly
fcx all of theL subsystemsconsidered.While thIs raisestheapparenttotal costsofsomesystems
BaF2 calorimeterandslightly lowersothersystemscentral tracker, forward calorimeterthe
cumulativecostsfor the entiredetectorarenot alteredand the individual subsystcmcrrors are
within the confidence limits of the conceptualdesigncostsat this stage.The impactofour design
changesis properlyxtflcctedandthat is theaim of this exertS. It shouldbenotedthat Table I
wasconsnctcdto summarizethe itsisfive magnetoption for I., an option which wehavenot
includedin our design.Howcvcr, the superconductingoption was costedto be only $6 million
lower.

To the basecostsandthe sumreachedby applyingtheTheriotcontingencyandEDI&A, we
addthe$50million i&ntified by Theriot for R&D for theL* design,resultingin a total detector
costof $758 million. This sum is our point of departunfor the designto costexercise.As an
additional guideto maintainingthe credibility associatedwith theTheriotpanelcosts,t note that
the EDI&A was 25%of the detector basecostsmaterialsandlabor,contingencywas similarly
25%, and R&D was 11%. For the SDC estimate, the cost review resultedin fractionsfor these

Page 52



1.6

1.4

4-
C’
0
I

a,
>

a-
Cu
a

1.0

0.820

Figure 5-1

Outside diameter, m TIP-02052

Cost versus outside diameter of tbe L double coil superconducting wagnet
option. Numbers at the curves indicate the central field in tbe detector. The
curves indicate the strong dependence of tbe magnet cost on the outside
diameter due to the very high magnetic pressures whicb must be resisted by
the coil support structures. The ball ckaraoce at 26 ci is an acceptable
compromise between the civil engineering limits and magnet costs.

24 28 32 36

Page 5.3



which were 32%, 37% and 11%, respectively.In reducingthescopeof L* subdetectors.ourrates
fall within rangesconsistent with thesereviews. For the EMPACTTFEXAS systems,we have
explicitly insured the L* or SDC fractions.

We presentthe results of the designexerciseby identifying three stagesin the estimatewith the
goalof defining threepricepointsfor the detectoridth vazyingcapabilities.This providesa basis
for estimating the sensitivity of the total detector cost to variations in performancegoalsand to
possible future cost growth or reduction as the designmight be modified. In the fint stage,the
toolkit is taken entirely from L* designelements.In the secondstage,a major reductionin the cost
andcomplexity of the solenoidal magnet is considered. In the third stage,two calorimeteroptions
from theEMPACT andTEXAS proposalsarc includedin the design.Foreachof these stages,the
systemcost, performance and the confidencein the costestimate are reduced.However, thecost
reductionsare large comparedto the performancecompromises.

For the first stage, the following changesare madeto the basicarchitectureand subsystems
usedin the L* design.The largest cost variations are madein the combined magnet and muon
systems.

The Theriotpanelbasecostsfor theL* doublecoil superconductingmagnetandmuon
systemsare$127million and$158million, respectively.This total basecostof$285million
is raisedto $402million with thefactorof 1.41for contingencyandEDI&A. We
eliminate the forwardfbackward magnetsand muon systemsreducingthe base
costto $252million, andthetotal costto $355 million. Thephysicsimpactof this stepis the
lossof muon physicsbeyondrapidity of 2.7.

We relax the muon resolution to 5% at 900 and 500 6eV/c and we reduce the
chamber wires from 32 to 16 planes per chamber. The basecostsare reduced
fran $252million to $198million, orasthe figuit indicates,the*total costsaxereducedfmm
$355 million to $279million.

This step is supported by Figure 5-2 which is a plot of the combinedmagnetand muon
systemcosts with the factor of 1.41 includedfor variousmuon resolutionassumptions
3.2% which is our currentunderstandingof the L Letter of Intentresoluflonanddiffers
from the2.8% prescntcdby the L* collaboration,and5% and7%, cennlmagneticfields
0.8 to Li T, andmuonchamberdesigns32 or 16 wire planesperchamberfor L* type
muon chambers. The plot was producedby the Livermore integratedcost model. It
accounts for such effects as the conthbution to resolution due to the number of muon
chamberwires offset by the measurement lever arm. The model was basedupon several
derailedand specificpoint designsfor the two systemswhich were then usedto guide a
parameterizaüon.Use of such a model is appropriatefor the kind of tradeoffexercise
describedhat, but the fmal costs must be validatedfor any specificchoiceby a detailed
point design.The L* Letterof Intent design at O.83T, 3.2% resolution, and32 wire planes
perchamber is indicatedby thc large black triangle.This point is the $355 million cost
referredto in the previous paragraph.

The lossof physicsperformance is modestand is documentedin the L* Letter of Intent
which considered5% muon resolution for the esisdvecoil opdon. Thus many of the
benchmarkphysicsprocessesand backgroundshavealreadybeensimulatedanddescribed.
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This performanceis no worsethan thatalreadyproposedby L* and is consistentMth the
core EMPACT/TEXAS physics goalsaswell.

The Theriot panelbasecostsfor the L* calorimetersBaF2 andscintillatorhadronicsccüon

axe $72.3million and$65.3million, respectively,OT $101.9and$92.1million total cost.
We propose to reduce the coverage of the electromagnetic calorimeter to
rapidity 2.5 from 2.8 and to alter the envelope of the system about the
central tracker. This reducesthe base cost by $6.6 million, and the total cost becomes
$93 million. We further propose to reduce the longitudinal segmentation of the
hadron calorimeter from S to 4 segments. This lowers the readout costsby 20%, so
that the system basecostbecomes$61.8 million, and the system total cost becomes$87.1
million.

The base cost for the L* forwardcalorimeterwas $28.7million, with a total costof $40.5

million using the factor 1.41. We propose to consider a forward calorimeter placed
much closer to the interaction point at approximately S m. Careful studies are
required to justify the segmentationand to validate the performanceat this location, and
these studies were not included in the L* design. However, scaling the L* Theriot panel
coststo this location rtduces the basecost to $8.2million and the total cost to $11.6million.
We will assumethis reduction is plausible, though this step is a significant departurefmm
the confidencelevel of the other stepswe have taken. We note that shouldfurther study not
support this step, the forward calorimeter can be most easily postponed to an
upgrade stage and we could eliminate this cost item entirely.

The basecostof the L* centnltrackerwas$40.1 million, and the application of the factor
1.41 raisesthis to $56.5 million. We have alreadynoted that the uniform application of this
factorslightly lowcn some subsystemcostsand the cenni tracker is an example sincethe
uniform veatmentdoesnot includeall of the 100%contingency applied by the itvicw panel
to the advancedtechnologyof this system. This small error does not mischaracterizethe
impact of the reductionin scopethat we considerhem, and it is offset by other systems.The
cennaltracker designchangeswe adopt in this study are describedelsewherein this report
as the baseline central tracker design. Briefly, we reduce the outer silicon subsystem
radius to 26 cm, trim the inner boundary of the forward silicon planes,
reduce the number of straw tube layers to 16 per superlayer from 20, and
multiplex the straw system of optoelectronics by a factor of 8. The base cost is
reducedto $26.5 million and the total costto $37.4million.

Thesestepsart the first stagein the designto costexercise.Theyaic summarized in Table 5-1.

Now that wehavemaintainedthe R&D as an approximateconstant11% fraction of the matetial
and labor costs,as both Theriot panel reviewsdid.

In the second stageof our design to cost study, we consider a major simplification of the
superconducting solenoid. The magnet and muon system at this point are estimated to cost
$279 million. This systemprovides5% muon resolutionat our nominal condition, with L* style
chambers constructed with 16 wire planesperchamber. The magnet is a double coil solenoid in
which the outer coil servesto xcturn the external flux. The outer coil diameteris nominally 24 m
and the innercoil diameteris nominally 18 in. We consider two simplificaxions.
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Table 5-1

Stage1 Design
L* Panel Base L* Theriot Panel Stage1 Design Cost with

Item Cost
$ millions

Cost
$ millions

EaseCost
$ millions

Theriot Panel
Additions

S millions
Magnet + Muon 285 402 198 279
Hadron Calorimeter 65 92 62 87
EM Calorimeter 72 102 65 93
F/B Calorimeter 29 41 8 12
CcnwalTracker 40 57 27 37
Computer 14 14 10 10
Total 505 708 370 518
R&D 25 50 37 37
TotalwithR&D 530 758 407 555

* We eliminate the outer flux return coil and freeze the inner coil diameter at
18 in, retaining the 5% resolution and chamber type. Figure 5-3 is a parametric
plot of the magnet costwith this simplification. Costshavebeenstudiedfor avariety of
singlecoil diametersasa functionof systemresolution.For the 5% resolutionchoice,the
systemcostis zeducedfrom $279million to $235million. Note that Ttlaxing the system
resolutionwould not effectively ztduce the cost.

We have takenno credit for the cost savings that reducing the detector hail uansversc
dimensionsmight afford. Nor have we added the costs required to mitigate the operationaland
safety impact of the sway flux. It has bcennotedearlierin this report that the flux at the earth
surface would be approximately50 gauss,which can be easily shieldedfor anycounting houses at
grade. The costof counting houseshielding in theverticalshaftsat the 120 gausspoint wouldbe
about $300K for an average enclosure. The magnetic fusion community has a long record
operatinglarge unshieldedexperimentalmagnets surroundedby technical components.Given the
veiy largecostreductionspromisedby removing the flux itturn of this magnet, we request that the
SSCL conduct a thorough study as soon as possible of the technical, safetyand operational
impactsof this design.

* We have consideredone other significant simplificationof the magnet. The iron end poles of
the solenoidin both the doublecoil and singlecoil variantsaxeof quite conservativedesign.
We have carriedout a study of the minimum iron pole volume adequateto control
the flux at the magnet apertures.The costof the combined magnet andmuon system
with aminimum pole is reducedby an additional $83 million, basedupona specificpoint
design.
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Following this secondstagein our study,thecostsare summarizedin Table5-2.

Table 5-2

Stage2 Design

Item
L* PanelBase

Cost
j$ millions

L* ThetiocPanel
Cost

S millions

Stage2 Design
BaseCost
$ millions

Costwith Theriot
PanelAdditions

S millions

Magnet + Muon 285 402 160 226
HadmnCalorimeter 65 92 62 87
EM Calorimeter 72 102 65 93
F/B Calorimeter 29 41 * 8 12
CennalTracker 40 57 27 37
Computer 14 14 10 10
Total 505 708 332 465
R&D 25 50 33 33
TotalwithR&D 530 758 365 498

It shouldbe notedthat at this stagewearc consideringadetectordesignthat is consistentwith
the March, 1991 Program Advisozy Committeeguidelines.This designis ourbaselinedesignfor
this report. It hasphysicsperformance parameterswhich retain the precisionmuon,electronand
photon goals, andhermetic calorimetzy, of both the L andEMPACTTFEXAS Letters of Intent,
and the magnetic trackingofL*. Indeed, the only significant performancecompromisesthat we
havemadehavebeenthenlaxationto 5% of thecentralmuon resolution,and the eliminationof the
forwaxdandbackwardmuon systems.The basicparametersofow baselinedesignaredescribedin
Table5-3:

Table 5-3

Item RapidityRange Performance

Muon resolution 0-1.25 5%-4%
% at 500GeV 1.25-2.7 4%-1O%
e/y msolution 0-2.5 1.5%/rEGO.5%
Hadronztsoiudoo 0-3 50%/i/E G2%

This setof performanceparametersis the basis for thecomplementarityof ourphysicsgoals to
those of a general purposedetector.The muon and elecwoWphoconresolutions are vezy
significantly betterthanthosedescribedin theSDC Letterof Intent The muon performanceis
achievedwithout relianceon the centraltracking,providing a robustsystemat eventhe highest
conceivableSSC luminosities.
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In the third stageof our designto cost study, we have expandedour toolkit to include two
calorimeteroptionsconsideredby the EMPACT and TEXAS collaborations,namely, integrated
liquid argon or lead-scintillating fiber electromagneticand hadroniccalorimeters. The primary
physics impactof this stage is the relaxaáonof theztsolutionof the clecüomagneziccalorimeter
horn that promisedby the BaF2 or liquid xenon homogeneouselectromagneticcalorimetersto the
performanceanticipated for the sampling calorimeterssuch as liquid argon or lcad-scthtilladng
fiber. The cost reduction made possible by selecting the sampling option would be possible
invinsic cost reductions particularto the technologyBaF2 systemcostsvs. lead-scintillating fiber
electromagneticcalorimetercostsand the cost savings madepossible by choosing a single
technologyliquid argon or lead-scintillatingfiber for both the clecuomagneticand hadronic
calorimeter sections. The latter includes reduction in R&D and simplificaüon of structures,
services,itadout,etc. We have explicitly consideredonly the technologyspecific savings,but the
savingsduc to system simplification are partially included by maintaining the constant R&D
fractionin ourestimate.

Accountingfor thecostsof thetwo EMPACT/TEXAS calorimetersis complicated by several
factors.First, theEMPACT/TEXAS costswere not subjectto review by theTheriot panel.We
haveattemptedto upgradethe EMPACT/TEXAS estimatesto includesuchfactorsas theTheriot
panelcontingency rates, assembly labor, subsystem management,etc. Second,the volumes
available in the EMPACTITEXAS andL* designsfor the calorimeterswere different so that the
EMPACTTrEXAS costsmust bereducedto unit costbasesandrescaiedto the dimensionsof our
baselinedesignwhich usesthe L calorimeter dimensions.Even if the L* dimensionsaxe not used
in subsequentdesignexercises,we must use a common set of dimensionsin ordcr to fairly
compare the costs.

In order to maintain the 11.7 interactionlengthsthatthe L* calorimetersystemhad at 90°, the
liquid argonor lead-fibertcchnologieszequirean addiáonaJapproximate 40 cm radial thickness.
This can be included by increasing the dimensionsof the muon and magnetsystemswith an
approximate $IO-$I5 million cost incitaseor by addingup to 10% tungstenpowderto the lead
absorber platesto decreasethe interactionlength.The costof the tungstenpowderloading appears
to be roughly offset by the reduction in leadcostsat the calorimeter outer radius. We chooseto
adopt this option, but provide the costof the other option to indicatethe sensitivity.For this stage
of the study we costedtwo cases.Replace the L BaF2 and hadron calorimeters with an
integrated liquid argon calorimeter that serves both functions following the
EMPACT/TEXAS design concept. Our revision of the EMPACT/TEXAS cost estimate
indicatesthat the combined calorimeter costs are raiuced by $24million from $93 + $87 million =

$180million to $156million. The total detector cost is reducedto $472 million. We have not
addedthe approximate $5 million addition to the conventional facilities requiredto accommodate
liquid argon as this appearsoutsidethe detectorbudget

The other cue makes the calorimeter replacement with an integrated lead-
scintillating fiber calorimeter that serves both functions. We estimate this cost to be
lower by $55 million for a total calorimetercost$180 million - $55 million = $125 miffion. The
total detectorcostis mduccdto $439 million.

We summarize the threestagesof the exettise in Table 5-4, which shows thret major price
points which will guidefuture design studies. We view the requirement that the total cost of the
detectorbe below $500million as a principal consuaint in future designexercises.While several
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technologicaloptionsnot includedin this coststudy arediscussedclsewhcztin this report,cost
constraintswill be adheredto.

Table 5-4

L* Theriot cost STAGE 1 STAGE 2 STAGE 3

doublecoil singlecoil Liquid argon
5% muons minimum or

16 wires iron pole fiber
F/B muonsout integrated

. calorimeter
$472million

or
$758 mithon $555 million $498million $439million

REFERENCES

1Reponof the L CostReview
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6.0 COLLABORATION ORGANIZATION

Many insdtudons have shown greatinterest in conceiving,designing, building and using a
secondlargedetectorat the SSCL Theseinclude many groups from L*, EMPACT/TEXAS and
otherswith moreexpected.In preparationmanysmall andscvcnllarge meetings/workshopshave
takenplace,at Cal Techandat thesscLab, to organize andprepare for the manytat that have
to be accomplishedfor a successfulproposal. To this end an interim organizationhasbeenset up
whosetaskit is to lead the effort until a permanentorganizationis agreedto andestablished. This
interim organization consists of a Collaboration Council consisting of members from all the
participating institutions. This group hasformally met and voted that B. BaSh and W. Willis
serveas co-leadenfor the preparationof the EOI andtowardsthe submissionof an LOL anduntil
such time as a permanent organization is approved. These two individuals have bccn also
empoweredto form a small steeringgmup to help them in this task; this group also to dissolve
with themwhen a permanentorganizationis established.

The permanentorganizationthat will design,build andusethis largedetector hasto be such as
to assurethe successof its mission. As such, it must lend itself to a closeand positive relationship
with the SSC Lab, its managementand staff, atnact the bsstphysicists andengineersin the U.S.
andabroad, and consüuct the detector on costandschedule. Figure 6-1 depictsa draft proposal of
such an organizational snucture. In effect there are threemajor bodies-theSteering Committee,
the International Committee and the Collaboration Council-all are essentialbut with different
functions.

The Collaboration Council is the representativebody, whosemembership consists of
individuals, approximately one per institution, whose responsibility is to recommend new
institutions,concernitself with publications and talks, theses,andanyother mattersof interestto
the whole collaboration. Its chairman, Chair 1, should be electedby this group and servefor a
fixed term. The Steering Committee is the scientific, technical and budgetary centerof the
collaboration. Its chairman, Chair 2, is essentiallythe spokesmanof the group andhe/sheshould
choosethe membersof this committeein consultation with the CollaborationCouncil. Chair 1,
Chair3 of the InternationalCommittee, and the Project Managerto be discussedlater should be
tx-officio members of this committee. This group would be responsible for the scientific
priorities, technical decisions,budgetprioritiesand detectororganization and integration, in effect
the forum where all the tradeoffs are made. This group shouldalso initiate all ad hoc taskforces
for gathering input from all the knowledgeablepeople in the collaboration to addresspaxticular
issues. Due to the magnitudeandcomplexity of this effort exemplified by the $500Mcost,Chair 2
hasto have the confidenceandxtspectof the SSCLab managementand as such shouldbe chosen
by the SSCL Director, in consultationwith the CollaborationCouncil. It follows that he/she
should report directly to the SSCL Director. It is expcctcdthat the members of this Steering
Committee, numbering - 12, will be chosenon the basis of their acknowledgedleadership,
expertise and reputation in thosc areas which are deemed important for the successful
implementationand operation of this detector.

The International Committee explicitly demonstrates that this is indeed an international
endeavorandwill have as its responsibility the draftingof institutionaland financial agreements
andsecuring internationalparticipation. Its membership should compriseof severalindividuals
with international reputations from the various geographical regions involved in this
collaboration.Again dueto its inthcatc connectionswith funding agenciesand foreign government



Notes for Figure 6-1:

1. SSCDirecict
Responsibility

* AppointChair land 3 in consultation with CouaboiasionCOWICII
* ApproveChair I
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2. Bard ofOverseers
Membership6-8

* Appointedby SSCDirector
* From SPC, MC

Responsibility
* Scientific andProjectOversight

Chã
* Appointedby SSCDirector

3. ExperimentalSteeringCommittee
Mesnbaship

* Chosenby Chair 2
* AcknowledgedScientificandTechnicalExpertiseInwniationalrepuraüon
* Many will be I .afIessof the Subsystems
* GeographicDivwicy
* Ex Officio-Chair I and 3. ProjectManages

Responsibility
* Scientific Priorities
* TechnicalDecisions
* BudgetPriocilies
* DetectorOptimizazionflntegraiion
* Initiate DecisionTaskFatesasneeded

CbS
* Chair2

4. CollabondonCouncil
Membership

* Electedby Coffaboradon-oneor mateindividualsper insSubon* - Re
Responsibility

* ScientificGoals
* PublicationsandTaiks
* Th
* RecommendationofNewInstitutions

* Chain
* Elected by Council
* Raiifiedby SSC and Coflabozation

5. InternathonalCommittee
Membership

* I more penai per region
Responsibility

* SecureInteniationalParticipation
* Draft FinancialApeesneals
* Omit Instiwilonal Agreements

* Oiair3
6. Project Manager

Appointedby Chair2 andAppmvedby SSC Director
* Ratifiedby Collaboration Council

7. M hoc Proposal Task Pate
Membership

* Opento anyonein Collaboration
Responsibility

* Makerecommendationson SpecificScientific and/crTechnicalIssues,e.g..
Calorimetertechnology.inagrtts.ParticleIdendfication

* Appoinied by Experimental Slatting Committee
8. SubsystemLeaden

* Appouncdby Chair 2 and ReccxnmcndaUon of SteezingCommittee
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and/or institutions,the chainnanof this committee, Chair 3, should be appointedby the SSCLab
Director in consultationwith the Collaboradon Council.

One of the most important individuals in this organization is the Project Manager. This
individual will be responsiblefor the actual building of the detector. All subsystems,calorimcny,
magnets. etc., will repon directly to this Manager, and as such, the day by day, detailed
responsibility will rest with this individual. The concept,scope,budget allocation for the detector
subsystems will be decided by the Steering Committee, but the execution will be the responsibility
of the ProjectManager-properly audited. It is also thmugh this position that the tight connectionis
made to the SSCL infrastructure-engineers, contracts, procurement, etc. As such the Project
Manager, shouldreport to Chair 2, is expectedto be an SSCLemployeeandmust be acceptableto
both the SSCL Director andChair 2. It is suggestedthat he be appointed by Chair 2 and approved
by the SSCL Director, but this delicateissueshould be open for discussion. The leader of the
subsystemsshould be appointed by Chair 2 upon recommendation of the Steering Committeein
consultationwith the ProjectManager.

Again becauseof the importanceand magnitude of this effort, we suggestthat the SSCL
Director appoint an oversight committee, which reports to him, that will apprise him of the
progresson all phasesof the project Appendedto the draft organizationchart as Appcndix B arc a
scricsof bullets that attempt to summarizethe responsibilities andmechanicsof implementing this
draft organizationplan.
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7.0 PROPOSEDPLAN AND FUNDING REQUESTS

It is our intent, assuming a favorable msponseto this BOL to move aggressivelytoward an
EngineeringDcsignreportfor this new major SSCexperiment.This will be necessaryto insure
thatwewill have a powerful detector itady to exploit the SSCat turn-on.

We believe we canproduce an LOl by late fall 1991 with the project well enough defined
to movefrom that directly into theengineeringdesignphase. That processwill takeone yearand
we will submit the EnginecringlDesign report in late fall of 1992.

Below we outline the elementsof that processas we now seethem and, the support for R&D
and Engineeringthat will be neccssazyto attainourgoals.

7.1 Preparingthe LOI July-November 1991

Over the coming months we will organizethecollaborationinto working groupstoward the
WI. We expect the collaborationto grow significantly duringthis period,both from within the
presentset of instiwtions, plus the addition of new ones. Already the collaboration is quite
snongand we axe confident that we will be able to do the work necessaryto producea well
conceivedLOX. We expectto aggressivelyseek non-U.S.collaboratorsduring this period, but
feel we needsimngencouragementfrom the PAC and SSCLmanagementto succeed.

During this period ofprtparingthe WI, our mostimportanttaskis to define thedetectoras
well aspossible. We arecommittedto proposinga detectorthat will cost no more than the
$500M PAC guideline. We intend to study options well below that cost, in order to best
detcnninewhat is really neededand to set the final detector proposedaround financial
requirementsthatarerealisticallyattainable.

We will organize the collaborationduring this effort, into groupsaround subsystems,
engineering,simulations.Our internalorganizationduring this period will all be considered
interim, howeverwe hope to work both inside the collaborationand with the laboratory
managementtowardasmoothevolution into a permanentmanagement

The most importanttasksduring this periodll be to definethc detectorsobe proposed. Our
physicsgoals arewell establishedandwe believethis EOI demonstratesourabilities to conceive
of a realisticdetector that can addressthesegoalswithin the PAC guidelines.Now, our aim is to
‘design to cost’ the bestdetectorwe can with the samegoals. This will involve many basic
decisions.First, we will needto define the magnetwhich will form the basis of the detector.
That magnet will contain an initial array of detectors that must be capableof addressing most
early physicsgoals. At the same time, we must define possiblesfltcgicsfor stagingthedetector
andprovideas much flexibility as possiblefor future upgradesandadditions,asa resultof the
findingsof the initial physicsprogram.

We fortseemakinga number of importantdecisionsbeforesubmissionof the WI:

Magnet. We prcscntin this EOI a baselinemagnetat a reasonablecost level. We plan to
evolve from this magnet to the final magnet in a processof optimizing the cost
pcrformanccof the detector. This will involve determiningthedimensions,the operating
field, field shaping,etc. We expect to do this in a systematic processover the coming



months. In addition,we haveagreedwith Kycia and Atiya to investigatetheir high field
alternative,presentedby them in the following appendix. Theseanalyseswill involve
considerableengineeringstudiesover the comingmonths.

Muons. We intend to study both the L type muon subsystemand alternatives,such as
fewer planesof high pressuredrift tubes, screamer tubes or pads, all beinginvestigated
within our group. We hopeto soondefine the performancecriteria for this systemand
from that detennine which of these possible options to pursue in FY92 toward the
engineeringdesign.These studies will be coupled with the magnet optimization. Zn
addition, we will investigatethe possibilities of enhancingthe performancewith
measurementsoutsidethe magnet

* Calorimeters. The most important fundamentaldecision facing us over the coming
months involves the calorimetry. We would like to sthve for both simplicity and, as much
as possible,uniform technologies.However, the physicspcrfonnancc demandsmuch of
the calorimetcn. For the cenni calorimeter,there is a fundamentaldecisionto be madeas
to whether we proposeto build a high precision BaF2 or Liquid Xenon separate,
homogeneous clectromagncciccalorimeter.This will require a large amount of thought and
discussionas it involvesour basicphysicsgoals. The advantagesof this solution will have
to be understood, comparedto the possibledisadvantages from either cost or reduced
performanceof other elementsof the detector. We fully expect to make this decision
before the WI and then to only pursue technologiesconsistent with that decision.
Whether we decideto build the homogeneouselectromagneticcalorimeteror not, we
expect to pursueR&D on only two or Ste technologiesin FY92. In addition, we will
need to define the requirements for the forward caloiimetcrand how to achieve them.
Both thehigh ratesandthe desire to keepthe costs down may constrainthe solutions. For
the purposeof this EOI we have includeda forward calorimeterin the initial decccwr. Our
final decisionson the forward calorimeterandwhether it might be stagedor includedwill
depend on our evaluation of the physics, technologiesandcost.

* CentralTracker. The aicker as presentedin this EOI will be pursuedandoptimized. In
addition,we needto betterunderstandthe role of the central tracker in our detectorand
what is rcquircd to meetthosegoals. We plan to both questionwhetherthreetechnologies
are necessaryin this trackerandalso, to investigatealternatetechnologiesfor tracking
e.g.pads. We will determineanR&D andEngineeringplan that will enableus to design
our nekerfor theengineering/designreport.

7.2 Preparationof EngineeringDesignReportNov 91 - Nov 92

We haveDied to determinethesupportthat will be necessaryduring the engineering/design
phase. Table 7-1 shows our current requestfor R&D on the various subsystemsbeing
considertdduringFY92. It is our thtcnt to focus our R&D aroundsystemsthat we aredirectly
developingtowarduse in thedetectorafternarrowing thechoices.

It is our present estimatethat the R&D that will be necessaryduring FY92 will be
approximately$1OM. In addition, the engineeringneedswill be approximately$4M to do the
engineeringdesignon both themagnetanddetectorsubsystems.
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Lastly, we would like to do everything possible to keep the detectorhail on schedule. We
will work with the laboratory to make sureall necessazywork is doneto go into theTide U phase
after April 1992. This will be necessaryin orderto have a completed hail readyfor the detector
assembly.

Table11 EngineeringandR&D Profle for fl92 $miuion

Item EngineeSg R & 1

Integration,Coordinaüon.Costing 1.25

Magnet 1.25 15

Muon System 3 2.0

Calcrimetiy 3 3.0

Tracking .5 2.0

tñggez/ACQ 03

Reserve 1.0

Total 4.0 10.0
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APPENDIX A
THE HIGH FIELD OPTION

The high field option is an attempt to achievethe physics perfonnanceof the November 1990
L* LOJ, but at a considerablecost saving. The bending power is kept at least as large as the
baseline L* by raising the field and shrinking the radiusof the solenoidalmagnet.Measurementsof
themuon momentum canbe made both inside the coil and calorimeter by the sagittamethod,and
outsidethe coil by the line-point method.The morecompactsizeof thedetectorallows a reduction
of cost and simplicity of design while achieving a larger r acceptancethanthe baselineL*. We
keepall the clecuomagnetic calorimewyand a significantpartof the hadroniccalorimeuyinside the
coil. We will emphasize precisionelectromagneticcalorimetry. In addition theelectronmomentum
measurementis equalin precisionto thatofmuons.This is a departurefrom the baselineL* design
which allowsbetterelectronidentificadonandon-line calibration of the precision electromagnetic
calorimetyusing physicssignals.We alsoanticipatethat thisoption will offer a flexible androbust
appmachto SSCphysicsfor a range of luminosities up to iO crn2/secor beyond.

FigureA-I shows a schematic of one possible implementation of the high field option. A
magnetic field ot ST is generatedby a sotenoidal colt of 3.5m radiusand 13m length. The inner
nackingvolume extendsto a radius of 2m for a total bending power of 20 Tm2. The calorimctzy
occupiesa I .5m annulus just inside the coil. This allows for a precision electromagnetic
calorimeterandan inner hadroncalorimeter.The inner calorimcuy representsabout 6 absorption
lengths.We have a coil thicknessof 50 cm followed by a hadroniccalorimeter"tail catcher"and
outer muon measurementstations.An iron flux return of 3m thicknessservesthe dual purposesof
reducingthe field outside thedetectorto a negligible level andproviding a muon P’r filter for
triggers.Simplemuonthggcrcountersresideoutsidethe iron.

For an initial choiceof a tackerwe assumethree superlayers at radii O.Sm, 1.22m, 1.95m.
Eachsuperlayer has8 layersof 4mm diameter,3m long swaw tubcs.The Z measummentis
provided by 1mm scintillating fiberswrappedaroundeachsuperlayer. We have assumed4 fiber
layers per superlayer. FigureA-2 showsthe resolutionas a function ofr for a0.5TeV p... particle.
For comparisonwe plot both the baseline L* and the recently descoped L* resolutions.The larger
fl coverageof the high field option should provide both a larger acceptanceand a better
measuxtmentof asymmetriesfor variousphysicsprocesses.

As mentionedearliertheinnertracking allowsequal muonandelectronmagneticmeasurement
The momentumresolutionis a factor of 25 betterthan the baselineL. FigureA-3 shows the
magnetic and calorimetric resolution for the baseline L* and the high field option at t 0.
AssumingLiquid Argon-typeresolutions,this option hasa cross-overpoint at about1500eV/c
versusabout 5 GtV/c for the baselineL* designwith BaF2.This significantly extendsthe
elecuonidentificationusing E/p, allows for sign determinationof the electronsinto the ‘reV
elecwcn energy region, and providesan on-linecalibrationof thecaloiimetcrusing copious physics
signalse.g., Z0 - e+ e- with electronmomentabelow 150 GeV/c.

The choice of a samplingelecwomagnetic calorimeter such as Liquid Argon has bothdrawbacks
and advantages.The main drawback is the larger sampling term in the energy resolution 7.5% for
LAr vs 1.3% for BaF2. However the importance of this term diminishes as a function of
increasing electron or photon energy. At high energy the dominant contribution is from the
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constanttermwhich dependsalmostentirelyon systemadcsandcalibration.A 0.5% constantterm
is thought achievable in both technologIeswith varyingdegreesof difficulty. In physicsprocesses
suchasH - yy, resolutionis essentialto enhancethe signal.However, equally importantis the

ability to reject the copiousit° background.In the baselineV the y/ir0 discrimination relies
entirelyon isolationcuts.In thehigh field option it may be possibleto measurethe showerwidths
aftera few radiation lengths in thesamplingcalorimeter.This should give a positive hardware
separation of y/it0. That the caloiimeteris at a larger radiusthan the baselineL* design 2m vs.
O.75m should aid in this regard. This option hasnot beencosted.

In the high field option the inner hadronic calorimetryneednot serveas a muon filter. The
hadron calorimeter is not burdenedwith the need to measurecatastrophic muon energy lossfor
correction of muon momentum measurementThis allows for an independentcost/performance
optimizationof both the calorimeterthickness andthe number of necessaiydepth samples.While
the issueis still understudy, we believea combinedelecm,magnetic/innerfine-samplinghadronic
calorimetryof 6 absorptionlengthsmaybeoptimal. To study physicssignals with missingenergy
wewill wantto implement a coarser "tail catcher"calorimeteroutsidethe coil.

The high field coil will have a roughly 50% higher stored energy than the baseline L*
anangement.Howeverreliable csthnawsof the costrange from $80million using scaling from L*
design to $90million using an independent European estimate. It is believed that there are no
fundamental technological limits to obtaining fields as high as ST. In additionthesmallersize of
the coil reducesmany of the mechanicalandengineeringconsutnisin comparisonto the baseline
L* coil. The sizeof the coil and flux return is significantly smallerthan theinteractionhail and
imposesno addiüonaJconsuainrson its design.

A importantconsiderationis therobustnessof thedetectorat high luminosities> 1O. The
high field option aflows for a gracefulevolution to high luminosity running. The innertracking
volume canbe filled with either imn orhoncalorimeuy.Thereis enoughspaceto pack sufficient
thickness to absorb virtually all hadrons. The penetrating muonscan bc measuredat, at leastone
point insidethe coil and at theoutermuon stationoutsidethetail catchercalorimeterandthe coil.
The effective field in the inner 3.5m is about 7T. Even with the increasedmultiple scatteringthe
muonresolutionshouldbe of order5-7%,almost independentofpr up to r of about 1.5 TcV. To
improve the resolution in the multi-TeV muon momentum tegion one Will needto measurethe
muons either inside the flux return, or just outside it. This would requirea more precisedevice
than the assumednigger countersoutsidethe iron. A cuntnt CERN R&D program Compact
Muon Solenoidwill examinethe details of muon measuitznentin ironat high fields in a testbeam.

Variouscomponentsof this option have beensubjectedto a seriouscostestimatestudy Theriot
Panel.We will attempt acostestimate for the high field option with the provisionthatfurther and
mort seriousengineeringwork needsto be done. The costof the inner trackercanbe scaledfrom
SDC to be about $35 million. The costof the calorimetrycanbe scaledfrom EMPAC1’/TEXAS to
be about $135million. We haveassumedthe high figure of$90million for the coil. The costof the
flux return is about $35 million using the standardSSC figure of $2/kg. In addition the trigger
systems,data acquisition and computing will probably be similar to the SDC figure of
$50million. The rough total of lessthan $350million representsa considtrable saving over the
baselineL option.
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While the study of the high field option revealedmany of its attractive features it also
-uncoveredsomeimportantphysicsanddetectorquestions. Prominent among them are the pattern
recognitionand reconswucüonefficiency for tracks in a high field, the ability to reconstruct jet
momcnwm anddizecáonand the associatedmissingenergy resolution.The thicknessof the inner
hadronic calorimetry needsto be seriously addressed.We intend to proceed with these studies,
along with mote substantialengineeringdesignsin thenext few months.
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