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ABSTRACT

We proposeto developa designfor a liquid argoncalorimeterfor theSSC. In parallel
with beamteststo ascertainwhetherleadwould bean acceptableabsorber,wewill proceed
with the preliminary designof the entire SSC calorimeter. The designwill pursuetwo
optionssimultaneously:
A local preampswith ferrite core transformersand
B solutionscompatiblewith operationin a 2T magneticfield suchasremotepreampsand
electrostatictransformers. Other activities will include the developmentof high voltage
and signal feedthroughs.
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Chapter 1.
Introduction

More thana decadehaspassedsincethe pioneeringwork of Willis and Radeka’that
establishedLiquid Argon LAr samplingcalorimeterscoupledwith low noiseelectronics
as well-matchedto High Energy Physicsrequirements.Large systemsevolvedearly-on
e.g. the MARK H, and continueto be built for present-dayexperimentse.g. E706,
SLD, Dø, HELlOS, VENUS and Hi.

This lengthy history has led to considerableexperiencein designing,building and
operatinglarge LAr systems. Thus at the TuscaloosaWorkshopon Calorimetryfor the
SSC, a closely reasonedand detailedcasefor LAr calorimetrycould be constructed. In
particular,issueslike hermeticityand scheduleestablishedthat LAr calorimetry,while by
no meansa perfectcalorimetrytechniquefor the SSC indeed,no calorimeteris perfect in
sucha harshenvironment,calorimetrycouldbe conservativelydesignedto performwithin
the most stringent SSCrequirements

At the meetingof the SolenoidDetectorExperimentin Dallas,June,1989 we tried to
write the requirementsthat any calorimetershouldmeet. Theserequirementsaregiven
in Table 1.1. Therewere severalitems that were identified as needingmorework which
we intend to pursuein parallel to this proposal. The survivability requirementis non-
negotiableand may be a lower limit if themachineoutperformsthe design. The dynamic
rangeis seton thelow endby wantingto seeminimumionizing particlesfor p identification
andon thehigh endby thetop energythat is expected.Thecompensationis not expressed
as the more familiar e/ir but as a maximum constantterm in the resolution. The time
resolutionrecognizesthat therewill be many events in everybucket, soonly a Egt >20
CeV is requiredto be identified with a given bucket. The segmentationneedsmorestudy
but may be determinedby the desireto identify W’s into jets. The total depth needs
morestudyto find out what is neededto reducethe backgroundto SUSYsignaturesfrom
QCD multijet eventswhen more than one leaks out the back. The position resolution
reflects the needto identify electrons. The noise is derived from the need to look for
isolatedelectrons. The hermeticity and q rangeneedmorestudy but of coursearequite
important for designing the real detector. We aim in this proposalnot to focus on all
of theserequirements,since liquid argon almostcertainly will satisfy them, but to study
thosethat arerelatedto liquid argonand to solve the morepracticalproblemswhich must
be solved beforea real SSC detectorcanbe designed.

The time scaleof fabricatingdetectorsfor the SSC is likely to take morethan 7 years
and so it is crucial that this work be supportedaggressivelyso that it canbe completed
before the seriousdetaileddesignand engineeringfor a specificdetectorbegins. Therefore
we intend to completethe work proposedin 2 years. A lot of the proposedwork will be
done by severalinstitutionswhich will work independentlywith closecommunications.
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Table 1.1: PhysicsRequirementsfor a Calorimeterat the SSC
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Chapter 2.
Hadronic Responsefor Various Absorbers

2.1. StackDesign - BNL

We proposeto constructand test in a beam of hadronsand electronsa module of
sufficient transversedimensionsand deepenoughlongitudinally to measurethe energy
resolution,e/ir andcontainmentof variousabsorbers:

1. pure lead
2. lead clad with material predictedby EGS to suppresstheelectronresponseand
3. uranium.
The e/w obtainedusinguranium/liquid argonU/LAr from Dø 1.05 andHELlOS
1.1 at lOOns measurementtime3 areprobablyacceptablefor an SSCcalorimeter.4An

alternativemay be lead,but theonly full scalePb/LAr testshaveusedvery shallow stacks
and in the caseof SLD have largeerrorse/ir 1.26 ± 0.1

We intend to fabricateseveralseparatestackswhich cansharethe sameelectronics.
To ensurethat suchtestscan be done assoonas possible,we usea slight modification of
the electrodedesignusedin HELlOS and their electronicchain. We proposeto measure
the responseand noisefor at leasttwo valuesof tm 50 and 100 nsec.

The modulewill havea transversesizeof 100 x 100cm2 anddepthof bA. Therewill
be 4 equallongitudinal divisions in the readout.The segmentationis given in Table 2.1.1.
The unit cell has a sheetof lead, a 2mm argon gap, a signal board and another2mm
argongap. We planto test at least2 stackswith perhapsdifferent thicknessesof leadand
claddingto enhancethe e/ir ratio.

It is quite possible that Pb platescould be usedas the radiator material of a LAr
calorimeterfor the SSC.At presentthere is substantialuncertaintyin just what the SSC
responserequirementsmight be andjust what the responseof a Pb LAr calorimetermany
absorptionlengthsdeepwould be. The SLD testsof a 2.8 A Pb LAr calorimeter,backed
by a 5 A Fe PWC calorimeter,measuredan electronto pion responseratio of 1.24 at 11
GeV.’ However,it is quite possiblethat an 8 A Pb-LAr calorimeterwould showa decrease
from this value. The integrationtime might also havesomeeffect on this ratio and the
responseneedsto be measuredwith the time constantappropriatefor the SSC. Oneof
the central resultsof the SSC LAr testswill be to determinethe responseof a Pb LAr
calorimeterusingthe fast integrationtime appropriatefor the SSC.

The SLD testcalorimeterused12 mm Pb absorberplateswith Gb readout boards
in the gapsbetweenthem. Detailed EGS studiespredict that the responseto electrons
will be about5% lower in this configurationthanoneusing 6 mm platesand6 mm Pb
tiles asthe readout. This occursbecausetherearehalf asmanysurfacesin the 12 mm Pb
plate configurationfor showerenergyto leak from the Pb into theLAr gap. Electric field
direction may also influence the responseso that operatingthe GlO boardsat negative
potentialwith respectto theplatesmight furtherreducetheresponseto electrons.Another
setof EGSstudiesshowsthat claddingthePbplateswith about1 mm of Fefurther reduces
the responseto electronshowersby about 5%. Henceusing a combinationPb-Feplate
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rire 2.1.1 Comparisonof thepredictionby Wigmansfor c/h in uraniumliquid argoncalorimetersand
experimentaldata.Thecurvesarethepredictionsfor two different integrationtimesby Wigmans[NIM
A25919873891.Only thecurvesfor uraniumaxeshown. Thepredictionfor Pb absorberwith I microsec
integrationtime is about0.05 units abovethe 0.lmicroseccurvefor U.
Theexperimentaldataarefrom threeexperiments:
-SLD [IEEE Trans.of Nucl.Sc.,Vol 33, No. 11986 andD.Hitlin at Workshopon Compensated
Calorimetry,Caltech19851.
- DO [MM A2691988492andMM A280198936J.
- NA34 orHellospriv. communicationV.Polychmnakos.
Only databelow 50Gevwere usedto estimatetheexperimentalresultsandtherangein Rd is causedby
havingafine samplingelectromagneticsectionfollowedby acoarserhadronicsection.In sucha caseit is
unclearwhereto put theexperimentalpoint andthecoveredrangein Rd is indicated.Only two results
weremeasuredwith auniform calorimeterHeliosandDO with 6mmU. Thesetwo datapointsalso
correctly reflect thequotedexperimentalerror.All otherdatapointsdo not reflect thecorrectexperimental
error.Theerrorsfor SW areoforder10% andoforder3%fortheothertwoDOpoints.
Both the DO andSLDdatawere taken with integrationtimesoforder2.5 to 3.5 microsec,whereasthe
Heliosdatawere takenwith lOOnsecand 250nsecintegrationtimes.

DO 6 mm U

1.6

Figure 2.1.1:

SLD U/Fe/Gb1.5

1.4

1.3

I.’

10%error

Hellos 3Amm U
100 nsec

0.8

DO 2. 4 mm U

Rd = lengthabsorber/argongap
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Table 2.1.1: Segmentation of Test Stack

X0 A No. cells C/channelnfl No. channels depthcm
HAD1 2.5 32 5.7 80 56.
HAD2 2.5 32 5.7 80 56.
HAD3 2.5 32 5.7 80 56.
HAD4 2.5 32 5.7 80 56.
Totals 10 128 320 224

could reducethe electronresponseby about 10%or so. We plan to comparestacksmade
of 12 mm Pb plateswith and without Fe cladding. That shouldenableus to optimize a
radiatorstack for useat theSSC.

The signal boardswill have 2.54 cm strips alternately interleavedx and y in each
section. The interleaving provides redundancy,extra information about the transverse
profile of the shower,and a measureof the samplingfluctuations. The connectionscheme
and coupling transformer will follow closely the HELlOS methodof achievinglow induc
tancechargetransferto the preamp.The preampswill be basedon the JFET’son high
resistivity silicon developedjointly by BNL and Interfet, Inc. This will allow the preamp
hybrid to operatedirectly in the liquid argon. Heatdissipationwill not causeany problem
in this test sincethe preampswill be on the outer perimeterof the stack. The shaping
amplifiers will allow tm to be changedeasilybetween50 and 100 nsec.

The results obtained here will be comparedto analogoustests with the HELlOS
calorimeterat CERN already available and which hopefully will soon be at lower en
ergies. This will allow a decisionto be madeon the absorberchoice in conjunctionwith
the physicsrequirements.

An estimateof the costs and manpowerrequiredto fabricatethesestacksis in Ta
ble 6.2.1.

2.2. Cryostat - Washington

The University of WashingtonGroupdesignedandconstructedthe largeliquid argon
testDewarusedin the SLD project. The Dewarwasusedto test theprototypecalorimeters
as well as the subsequentproductionmodules. We will scalethis designup to the size
requiredfor the SSC LAr SubsystemtestsseeFig. 2.2.1. The SSC Dewar is about the
samelength as the SLD Dewarbut it is about 50% larger in diameter. The conceptof
loading the calorimetermoduleson a table and rolling them into the Dewaras donefor
the SLD will be utilized in this design. This limits the requiredcranecapacityto under
10 tons.

The cold feedthroughsusedin the MKII, the SLD test Dewar aswell asthe SLD are
quite adequatefor the SSC tests. Hencethesewell testedfeedthroughswill be usedin
the design. Two adjacentpins, one for groundand one for signal, will be usedfor each
channel.This will keepthe line inductancewithin acceptablelimits.

The UW shop hasskilled machiniststo carry out the machiningandwelding for the
Dewar.Theseskilled positionsarehighly subsidizedby theStateandhencethefabrication
costs can be kept very low. The UW shop also possessesthe large boring mill required
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to turn the big flanges. We expect that the designandconstructionwill take aboutfour
monthsfollowing receiptof funding.

2.3. Data Acquisition - Maryland

Thedataacquisitionsystemfor the initial part of thebeamtestswill bea conventional
systemusing a MicroVax 3400 as computerand running an existing Data Acquisition
programsuchasVAXMULTI from Fermilab. This part of the R&D work will be focused
on studying the variousstackdesignsand front-endelectronics.

2.4. Test Beam - BNL

The first stackPb, associatedelectronics,cryostatand cryogenicswill be complete
by October1990, or one year afterthe startof funding; this will be at the tail end of the
Fermilab fixed targetrunning until 1992. Thus it is crucial to perform the beamtestsat
BNL. Also, thebeamsfrom the AGS arein the right range0.5 - 20GeV/c to measurec/it.
The beammustbe capableof providing andtaggingboth e’s and irs or p’s. The electron
momentumneednot spanthe entire momentumrange.To test the high ratecapability of
the device, we requirethe intensity at somemomentumto be 107/sec.The floor space
requiredin the beamline areais 6 x 6m2. SeeAppendix 1 for thepossibilitiesfor beams
at BNL. We also intendto teststacksat Fermilabenergiesto measurethe constantterm
in the resolution.



Chapter 3.
Prototype SSC Designs

Civen the high design luminosity at the SSC, one cail expect on the average1.5

interactionsfor eachbeambucket. Thebucketsareseparatedby 16 nsec,and thus nearly

every interestingeventwill have at leastone other interactionoccurring 16 nsecearlier
or later. The readoutsystemshouldbe ableto separatethesefrom the eventof interest.
Of course,no timing device will separatetwo eventsoccurringduring the samebucket.
Actually, one should distinguishbetweenthreedifferent timing accuracies,eachof which
affectsthe calorimeterperformance:
1. "Timing": Theaccuracyto which onecandeterminewhenthe incidentparticlearrived.

This time hasto be a fraction of the SSC repetition rate of 16 usec, and the design
valueshouldbe $j 5 nsec.

2. "Integration time": The time interval over which the signal is averagedor integrated.
It seemsthat no calorimeterwill be able to have an integration time of 16 nsec or
less without a seriousdegradationin hadronresolutionit takessome30 nsecfor the
hadronenergyto be completely dissipatedand convertedinto light in a scintillation
calorimeter.

3. "Pulseseparationtime": Thetime interval duringwhich energydepositedin the same
channelby a previouseventwill affect the eventbeingreadout. Typically this time is
3-5 times the integrationtime. The exact valuerequiredfor a successfulcalorimeter
is astrongfunction of its segmentation,the acceptable"backgroundnoise" as well as
the exact readoutscheme.

In a LAr calorimeter,the drift velocity of 5 rmn/p sec implies that with reasonable
readoutgapsof 2 mm one cannotcollect all the chargein less than0.4 p sec. However,
assumingan even distribution of the generatedionization in the gap,onecancollect 44%
of thechargein 100 nsec,and about 23% in 50 nsec. The "signal" thus is reducedif the
integrationtime is shortened;this canbe acceptedparticularly at high energieswherethe
total collectedchargeis appreciable.

The detectorcapacitancepresentsa more seriousobstacle. If one wants to obtain
a chargemeasurementin 50 nsec, one needsto transfer the chargefrom the detector
capacitanceto theamplifier in lessthan50 nsec.Sincethe typical capacitanceof a hadronic
tower Aqa4 = 0.04, thickness=2A is 4 - 6 nF, one needsan amplifier with a very low
input impedanceof a few ohms.

Charge integratingamplifierswith suchlow input impedancearedifficult to build, and
they have a high power dissipation. One thus hasto createa largereffective impedance
either by using a step-upferrite transformermagnetic transformersor by electrically
connectingseveralgapsin serieselectrostatictransformer.We plan to investigateboth
of theseschemes;eachhasits own advantagesand problems.
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3.1. Local preampsand module design to work up to 0.5 T - BNL,
Rochester,Fermilab

PreamDlifiersand Field-EffectTransistorDevelopment
Chargepreamplifiersfor liquid argonionizationchambercalorimetersmust havea low

noise, a short responsetime and a low power dissipation. In addition, their apparent
input resistancecreatedby the feedbackshould be within a certainrangeto provide an
aperiodic transferof chargein the presenceof inductancein the connectionsbetweenthe
ionization chamberand the preamplifier. Oneof the most difficult requirementsis a very
large dynamic range. In the electromagneticpart of the calorimeter,the dynamic range
will be at least2 x i04 and may be as high as i05. Chargesignalsin therangeof 200-400
picocoulombsmay appearin one EM channelfor S TeV electrons. A linear responseover
a large dynamic rangerequirescertain currentsand voltagesresulting in a high power
dissipation. Matching of the detectorcapacitancefor noise optimization by increasing
thesizeof the input transistor,ratherthanby a transformer,resultsalsoin a higherpower
dissipation. It appearsthat a power dissipationin the rangebetween75 and 200 mW is
necessary,dependingon the type of capacitancematching. The preamplifierswill have
to be locatedat the detectorelectrodes.Any remote location of the preamplifierswould
result in significant increasesin the noise and the chargetransfertime. Location at the
electrodesrequiresa minimum power dissipationand a high resistanceto the radiationin
thecalorimeter.For liquid argon,the preamplifiersshouldbe ableto operateimmersedin
the liquid.

The input amplifying deviceshouldhavethe devicetime constantCpgp/gmasshort as
possible<0.5 usec,theequivalentseriesnoiseresistanceshouldbecloseto the theoretical
value 2/3gm, and the parallel shot noise should be negligible. Presentjunction field-
effect transistorsarethe only type of devicethat satisfy all theserequirements.However,
their optimumoperatingtemperaturerange,with respectto noise, is 1200 K < T <300°
K. Developmentof deviceswhich could operateat approx. 90° K directly in liquid argon
will be pursuedin collaborationwith industry INTERFET, Corp..

Preamplifiercircuits will beexploredanddevelopedwith a particulargoal to minimize
power dissipation.Thequestionof monolithic versushybrid technologywill be thoroughly
explored. A processwith dielectrically insulatedtransistorswill be exploredfirst.

Preamplifierhybrid circuits, with JFETsdevelopedfor the HELlOS uranium- liquid
argoncalorimeter,havebeenirradiatedwith 6°Co gammaraysboth at roomtemperature
andat 77° K. So far, at a total doseof S Mrads, no increasein the noiseJFETsmadeby
INTERFET hasbeenobserved.This studywill be continuedasa most crucial part of the
programon calorimeterelectronics.Preamplifiercircuit and .JFET studiesare alreadya
subjectof a generic R&D project,and they should remainso. Funding is requestedas a
part of thesubsystemproject on Front EndElectronicsfor thework performedby industry
on the developmentof JFETsand monolithic amplifierswith JFETs.

3.1.1 Cooling the Preampsin situ - Fermilab, LBL, KEK, BNL, MMA

Given the70-200mW/preamppowerdissipationanda channelcountofca. 100,000/cal
orimeter, the total heat load/calorimeteris 73-20kW. The specificationof the cooling
solution is a zero bubble count in the body of the calorimeter. One and two phase,and
natural and forced convection,solutionsin both LAr and LN2 will be considered5.The
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details of electronicpackagingwill be coordinatedwith the cooling solution and the use
of LAr compatible insulationmaterialsto effect a systemsolution. The cooling solution
will be integratedinto final phasesof the module testingprogramasa largescaleproof of
principle. We are exploringgetting help in this areawith industrial partners.KEK will
try to do a computersimulationof the heat flow.

3.1.2 ElectrodesStructureand Magnetic Transformers- BNL, Rochester

If magnetictransformersare used,one hasto takegreatcareto minimize inductances,
so that the accumulatedchargecan be brought out in a few tens of nsec. Up to the
transformer,impedancesareof the order of a few ohms,and greatcarehasto be takento
minimize stray inductances.From thetransformerto thechargesensitiveamplifier the ap
parentdetectorcapacitanceis reducedby a factor N2 N=transformersecondary/primary
ratio and the typical impedancesareof the order of a few hundredohms. The charge
integratingpreamplifiershaveto be near the electrodesinside the liquid argon.

The Hellos experimentprovidesan existenceproof that sucha fast readoutof a LAr
calorimeterwith "cold" preamplifiers is possible. However, its readoutunits are strips
which extendto the edgeof the detector,and so all connections,transformers,amplifiers,
etc., canbe at the side of the modulewherethereis plenty of space. In a 4r calorimeter
the gapsbetweenthe modulesshouldbe minimized and the amplifiershaveto be behind
the calorimetermodulesor possibly in front. One hasto design-andbuild prototypes
of-a readoutschemefor a padstructurewhich satisfiesthe conditionsthat

1 it hasa low impedanceof a few ohms;
ii it takesup a minimum of space;
iii it can be massproducedreliably andat reasonablecost.

At this stageit is too early to decidehow to arrangethe whole stack of absorber,
pads,LAr, etc., of a single tower; we assumefor the moment an averagetower size of

= 0.03 x 0.03, and a LAr gap sizeof 2.0 mm. If uraniumis used,thereare likely
to be 2 suchgapsfor each4 mm uraniumlayer,with the readoutpadsbeingG-1O. If lead
is to be used,a reasonablearrangementis a single2.0 mm gapfor each6 mm of absorber
material. Sincewecannotyet know which systemis thebest,wehaveto studythereadout
schemein a way which will accommodateall theseoptions. Indeed,it may well be that
the electricalcharacteristicswill makeone schemepreferableto another.

The group piansto start by building room temperaturetable-top "models" of several
fundamentaltypes of towers,designingand testing thereadoutcharacteristics.The "ion
ization current" in sucha setupcan be simulatedby a photodiodetriggeredby a laser.
Except for the temperature,sucha model should be an exact replicaof a sectionof the
actualdetector.

In order to illustrate what problemsone hasto study, considerjust two schemesof
a detectorarrangement,both using "ab8orbingpads" so that the absorberis alternately
a solid sheetand a structureof pads-onefor eachreadouttower. SchemeFig. 3.1.1
is a "coupling capacitorscheme,"while SchemeH Fig. 3.1.1 is a "blocking capacitor"
scheme.The equivalentcircuits in eachfigure do not show any lead inductancesandstray
capacitances,althoughit is exactly their effectswe needto study. In both casesthe liv.
planewould consistof individual copper clad on C-b squaresconnectedby decoupling
resistors.
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Eachschemehasits advantagesand problems.SchemeI allows the absorbingpadsto
be held by the large H.V. plane. SchemeII allows a lower H.V. decouplingresistor, thus
reducingsensitivity to DC currents. Both systemsrequirea different solution to reading
out the signalwith a minimum of leadinductance.

Ferritetransformerssaturateandbecomeuselessin a magneticfield >0.03 T. Thus
one alsohasto investigatewhetherandhow onecanshieldthe transformersagainsta field
of 2T. The Rochester/BNLgrouphasstartedto studyandtesta multiple shieldingsystem
using the "RussianBoxes" principle. Thesestudieshave to be continuedin greatdetail,
sincethe whole systemof "cold transformer/preaxnp"hingeson the possibility of using it
in the presenceof a magneticfield.

Evenwith cold preamplifiersin the LAr one requiressignalfeedthruswhich matchthe
output impedanceof the preamplifiers. Some 1.6 x io5 soil or 10011 signalswill haveto
be led out of the LAr into room temperaturelines for the centraldetectoralone. Let us
assumefor the moment that thesesignals are to be fed 2000 at a time through a 17-cm
insidediametertube asdescribedin the Martin-Marietta designstudy.t 6 The numberof
channelswill haveto increasefrom the numberassumedin the Martin-Marietta design.

Can one build all thesefeedthroughswithout oneof them leaking? Can one protect
againstsmall leaks of LAr? Can one really reliably feed 2000 signals through such a
small openingand keepthe cable impedanceconstantandany reflectionsat the feedthrus
themselvesto a minimum? Can one usecold feedthruslike SLDs or doesonehaveto use
warmfeedthrus-massingthemall nearthetop of the cryostat?Canonekeepthe heatleaks
sufficiently low sothat thereis no watercondensationat thewarmend?Can oneeliminate
crosstalk-shouldone connect all groundstogetherin the feedthru, thus connectingthe
groundsof 2000 very fast amplifiers and possibly creatingmassiveoscillation problems?
We believe that we havea solution to all of theseproblems,but acceptthe needfor an
existenceproof by actually designingandconstructingsucha feedthruin detail.

We proposeto do a designstudy first and then to actually construct a prototype
feedthrutube to makesurethat we understandthe problem. We would thenprobablyuse
sucha feedthruon the actual testcryostat. We note here that we will needcooperation
from industry in the designandmanufactureof the actualfeedthrus.

Table 6.10.1gives the estimatedmanpowerneedsandprojectedcosts.

3.2. Alternatives to the Hellos Readoutdesign - LBL

Readoutof liquid ionization detectorsin regionsof high magneticfield may be prob
lematic for the Hellos-inspiredreadoutdesign mentioned in part 3.1. Alternatives to
magnetic-transformerreadoutwill be studiedin casethe investigationsunderpart 3.1 do
not yield an acceptabledesignfor readoutin the presenceof field. A promisingtechnique
to achievesucha readouthasbeenadvocatedby the WALIC collaboration7for readoutof
theirwarmliquid calorimeter.This techniqueemploysa seriesconnectionof the calorime
ter platesinsteadof the usualparallelganging.Becauseof the similarity of the electrical

* We disregardherefor the momentthat with the proposedAA4 = 0.04 x 0.04 trans
versesegmentation,with only two depthsegmentations,thecapacitance/channelmaywell
be prohibitive.
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their warmliquid calorimeter.This techniqueemploysa seriesconnectionof thecalorime

ter platesinsteadof the usualparallelganging. Becauseof the similarity of theelectrical

effect on the circuit of the seriesplate connectionwith the magnetictransformer,this

techniqueis dubbedthe ‘electrostatictransformer’.
As for the Helios-inspireddesign,a numberof issuesrelevantto the electostatictrans

former needto be studiedto seeif the requiredS/N, time resolution,etc. canbe achieved

with sucha design. The electronicdesign issuesrelevantfor the S/N and time response

of the device are closely coupled to the mechanicaldesignof the stack. We proposea
seriesof testswith prototypestacksconstructedfirst in air, and, later, in liquid argon,to
investigatethe merits of the electrostatictransformerapproach.

The first seriesof testsin air will measurethe S/N asa function of gap sizefor various
plate thicknesses,and the crosstalk andstray capacitanceas a function of gapsize, tower
spacing,etc. by meansof chargeinjection directly onto the stackstructure.

After study of thebasicstackproperties,the optimummethod for coupling thesignal
out of the tower into the preampmust be studied,followed by a systematicstudy of the
effect on signal andcrosstalk of the preampinput impedancewith the chosenmethod of
connection.We expect to iteratetheseinvestigationsa few times to find the designwith
the best performance.

An important tool in this study will be the modellingof the stackbehaviorvia simu
lation programssuchas SPICE.

Thebasictestshererequirethe injectionof a known chargeonto variousconfigurations
of modelsof thestackgeometry.This will requirea pulsersystemwith largesignaloutput
andlow capacitance;asfor themagnetictransformercaseabove,anoptical deviceto inject
chargewill also be requiredto establishthat the pulseand signal characteristicsarefully
understood.

Thesetestswill requirethesupportof atechnicianfor assembly,anEE for consultation,
a set of high speed,low noise, low impedance,preampswhich canbe calibrated,andvarious
materialsand fabricatedparts. Thesestudiesare envisionedto be concluded within 1/2
yearafter funding commences.The goal to be achievedis the observationof a suitably fast
<100 nsecreadoutof injectedchargeonto an n=5 series-coupledstackwith satisfactory
stray capacitance.

While it is prematureto guessthe resultsof thesetests,one consequencethat may
becomeapparentis the needfor developmentof a cableofsuitablysmall capacitance.This
could be part of the researchtask for the 2nd year of this proposal.

Oncethebasic‘signal’ propertiesof thestackhavebeenstudied,thebestmethodmust
be foundto distributeHY to thestack. The issuesto be studiedabout HV connectionin
cludecongtructionof integralblocking capacitors,preampprotectionfrom HY breakdown,
insulationof supportrods andspacersif necessary,etc.

The standardrangeof HV operatingin a LAr systemis 1-2 kV/mm,with the notions
that neither impurity effectsnor drift velocity saturationareappreciablyhelpedby higher
fields. HoweverhigherE fields will most definitely mitigatethe signalsaturationof densely
ionizing tracks,providing anothertool aimed at equalizingthe electron/hadronresponse
in LAr particularly with hydrogenouslaminantsor dopants.

We thereforeproposestudiesof highervoltage5-15kV cables,capacitors,connectors,
feedthroughs,etc., in a small test dewar,to establishpracticalworking limits, aswell as
possiblefollow-on developmentefforts. The dewarandpartswill requiresomeME design,
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Therearefurther designstudiesto be pursuedaswell. In particularthe electrostatic
transformermay be designedsothat the HV is distributedeitherin seriesasin thesignal
electrodeganging or in parallel more typical in LAr applications. With ME and EE
assistance,thegoal is to fabricateanentire sectionof theHV system,from supply to stack,
within one year. This work will requiretechniciansupport and pc fabricationaswell.

Oncethe basic signaland HV propertiesof the stack areunderstood,the mechanical
layout for tile support,projectivegeometry,tile shapes,tie-rods,etc. mustbe reviewedto
be sure that the designis ‘constructable’.

Starting from comparativedesignstudiesof a few of the most moderncalorimeter
designsDo, SLD, Helios, we will design the mechanicalstack. This effort will take
one year and requirean ME, an EE and a designer.Under considerationwill be design
questionsfor the feedthroughs,signal connections,cable, tolerances,materials,surface
treatment,groundpaths,etc. Thesetasks are viewed asthe preludeto the designof a
full-fledged SSCmodule see3.3.8below.

Upon completion of the programof tests in air outlined above,the expectationsfor
the performanceof the stackwill be verified via a beamtestof a 20 X0 deeppiece of the
prototypestack. The purposeof this test is to verify in liquid, with real showers,that the
expectS/N, crosstalk, andtime resolutionfor a seriesgangedmoduleareindeedachieved.
Since electromagneticshowersarecontainedin a module, the energyscaleand proof of
principlewill beestablishedwith it; the e/h issuesalreadyaddressedin chapterII will not
be studiedhere.

However,if desired,thehadronicresponseasa functionof variousdopantsin the liquid
could be investigatedwith this testmodule. We have not yet determinedin which beam
to performthis test.

Theprogramofstudyof theelectrostatictransformeroptionoutlinedaboveis expected
to requireabout 13-2 yearsto complete.

3.3. Common issues

3.3.1 Tile Development - Michigan State

Therearetwo basicreadoutschemesthat canbe usedin a liquid argonsamplingdevice:
directly and capacitivelycoupledcollectionof the charge.Theseschemesareschematically
sketchedin Fig. 3.1.1 andcalled SchemeI and SchemeIL In onecasethechargecollecting
device is directly coupledto the liquid II and in the othercaseit is capacitivelycoupled

I.
Generallyin both casesrectangularpadsareusedto segmentthecalorimeterin t and

4’. In SchemeI padsaresandwichedbetweentwo layersof an insulatingmaterial1i
GlO with a resistivelayer on the outsideof the sandwich. In this casethe padscanvary
in thicknessfrom 25Mm to a few millimeters. In the chargecollection systemof the DO
experimentthe padsaxe 2Spmcopper. Pad patternsincluding tracesfor signal transport
aje machinedinto Cu-cladGb. This is a proventechnologyandcould be relatively easy
transportedto the SSC without much R&D. A very attractivealternativeto this is the
casewhere the padhas a finite thicknessfew millimeters and the readoutcontributes
to the absorbermedium. The pad materialcan either the sameas the absorbersheetsor
different. In this casetiles Cu,Pbor U are laminatedbetweena thin insulator example
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0.5mm 110 and wires are neededto makethe signal accessible.An advantageof this
schemeis that tiles do not have to be individually held, but they comeessentiallyas a
sheetwhich is mechanicallyvery strong. For this technique,lamination materialsand
procedures,connectionsand limitationsby electronicsrequirementshaveto investigated.
The HV distribution planeon the outsideof the sandwichcanbe a uniform coating like
DO, which requiresa resistanceof several10’s of Mfl per square.The alternativewould
be Cu padsetchedor machined,identical to the internal padstructureand connected
by high resistancebridgesas indicatedin Fig. 3.1.1. A uniform resistivecoat layer has
beenusedin HELlOS and DO, but resistivebridgeshavenot beenusedin liquid argon
before. Both possibilitieswould initially be investigatedas a possibleschemefor a SSC
detector. The alternatereadoutSchemeII hastiles directly coupledto the liquid and
this techniqueis employedin the SLD detector.Theonly differencebetweenSLD andthe
sketchedconfigurationin Fig. 3.1.1 is that SLD usesdiscretecapacitorsand not a built
in distributedblocking capacitor.Here the problemsare moreof of a mechanicalnature,
namely how to hold the tiles in place. Again constraintsdue to electronicslength of
wire,locationof preamps,etc haveto be consideredaswell. Thecreationof a distributed
capacitorsystemon the faceof the absorbersheetposessimilar R & D questionsasin the
casewheretiles arelaminated,althoughthefact that two sheetsof materialswith different
thermalexpansioncoefficientsarejoined might causesomeunforeseenproblems. We plan
to investigateall thesepossibilities up to the point wherewe are able to makea decision
which will either be basedon technicalfeasibility of someof the choicesor otherexternal
requirementsarising from the desiredperformanceof the device.

3.3.2 Radiation HardnessTesting - Florida State, BNL

The trackingregionandpartsof the calorimeterof an SSCdetectorwill be subjectto
very high radiationlevelsof more thaii 1 Mrad per year. All componentsmust withstand
at least10 Mad without lossof integrity.

Florida StateUniversity hasa 3 MeV electronacceleratorthat hasa beamof approxi
mately2 cm in diameter.The beamintensitycanbe variedfrom 1 nanoampto 1 milliamp.
For materialswhich arenot too thick, suchas no morethan 1.5 g cm2, this accelerator
cangive a radiationdoseof 1 Mrad from less thana minuteto manyhours.This facility is
availablefor radiationdamagestudies.Samplescanalsobe movedin a scanmodeallowing
materialup to 30 cm long to be radiated.Measurementsperformedduring the pastyear
haveshownthat for plastic and scintillators,radiationdamageby this electronaccelerator
and exposuresof the sametype material to a gammasourceof 60Co are identical. The
advantageof the electronacceleratoris that materialcan be exposedto radiationover a
muchshorter lengthof time.

We proposeto utilize this facility for radiationhardnesstestingof all componentsof the
calorimeter,particularly thosepositionedinside thecalorimeteritself wherethe dosefrom
electromagneticshowersis highestsuchasglues,signalboards,plasticspacers, etc.

.
For

thosecomponentsmore susceptibleto damagefrom neutronsintegratedcircuits will be
testedaspart of the SubsystemProposalon Front End Electronicsa separateprogram
of testingmay be necessary,perhapscarried out at BrookhavenNationalLaboratory.
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3.3.3 Lead and Uranium Absorber - FSU, BNL

A. Lead
We havedevelopedsomeexpertisein handlingand machiningleadin connectionwith

previouscalorimeterprojects e.g. the SLD lead-liquid argon calorimeter,and various
others.For theteststackabsorberwe proposeto usea similar leadalloy to that employed

by SLD, namely 613 lead alloy with o.06% calciumand 1.3% tin. This has acceptable
mechanicalstrength8,000 psi, flatnessand straightness.The cost, if bought in large
quantities tens of tons, is about $2 per poundrolled, cut and finished. We havegood
contactswith the commercialvendorwho suppliedthis material for SLD the Doe Run
Companyof Herculaneum,MO and haveobtainedand testedsampiesof the 613 alloy.
We alsoproposeto continueto investigateother leadalloyswhich may provebettersuited
for usein a final SSC designhaving higherstrength,for example.

B. Uranium
We also plan to coordinatewith the DOE, Don Reederand our colleaguesin the

SovietUnion in an effort to ascertainwhetherenoughuraniumcan be availablefor an SSC
detectorand at what price.

3.3.4 Simulation Issues- Mississippi, LBL, FSIJ,
Iowa State, OItNL, Tennessee

We do not proposeto duplicate the large effort which is already underway in the
simulationandMonte Carlo study of SSCphysics. Neverthelesstherearesomesimulation
issueswhich wefeel we must addressindependentlygiventheir importantimpacton aspects
of our design.

Firstly, many of the "requirements" listed in Table 1.1 are basedon approximate
studies,guessesand incompletesurveysof possiblephysics processes.Thereforewe feel
weneedto be surethat weunderstandhow good a calorimeterresolution is required,how
close to compensatinge/ir = 1 the calorimetermust be, how linear the responsemust
be, and how much noise, including pileup, can be tolerated. Theseanswersare needed
so that we can make a balanceddecisionas to whether test stack beam dataattain an
adequateperformancelevel. We will addressthesequestionsin collaborationwith other
groupsinterestedin simulationof SSCphysicsat KEK, LBL, IowaStateandSCIUFlorida
State. We will be concernedwith the calorimeterperformancenecessaryto searchfor a
variety of new physics, suchas the top quark, the Higgs boson,supersymmetry,new
and Z’ gaugebosons,fourth generationand compositeness.We will also aim to measure
missingtransverseenergyat thefundamentallimit setby theproductionof neutrinosfrom
light quarksin jets.

Secondly,we will undertakean effort to usethe "micro-simulation"codeof the FLUKA
and CALOR programsto understand,at the nuclearphysics level, detailsof the response
of our test stacks. We aim to be able to predict in detail the e/r and resolution that
would be obtainedfor any given stack geometry,given somebeamtestdatato fix certain
constantswhich areasyet uncertainsuchasthe saturationpropertiesof ionization in the
liquid argon. The effectsof Jaminantsand dopantsin theLAr will also be studied. This
work will be carriedout by LBL, Mississippi, ORNL and Tennessee.

Finally, there axe what may be termed "design questions" pertaining to a full 4ir
SSC calorimeter. We will need to study how deep the calorimeter need be, and how
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the depth should increasewith rapidity if the depth is too little, the resolutionwill be
degradedby fluctuationsin the unmeasuredenergy;how to designinhomogeneitiesin the
calorimetersuchascrycetatwalls, supports,beamholesetc. in sucha way asnot to have
a deleteriouseffect on performance;how to incorporatea coil with the calorimeter,and
how to minimize cracksbetweenmodules.Again, this work will be doneby LBL andFSU
and will usesomeof the tools and experiencedevelopedin addressingsuchhermeticity
issuesat Martin-Marietta.

3.3.5 Brite Pads- Washington

BRITE PADS is thenamegivento a. newtypeof towerconstruction.Thedevelopment
and testingof this new structureis beingfundedby a genericgrant. Assumingthe details
of this designcanbe perfected,BRITE PADS would offer thefollowing advantagesfor an
LAr calorimeter.

1. Reducethe channel requirementsin the electromagneticsector by a factor
of three while improving the shower position resolution and the two shower
separability.

2. Theseeliminatedchannelscouldbe usedin the hadronicsectorto increasethe
channelcountby a factor of ten comparedto the SDE Berk!Iey Design.

3. TheBRITE PAD structnreprovidesa very robustsystemaiainstchannelloss
or towershorts.

A potentiallyseriousproblemfor thehadronicsectorof the LAr calorimeteris thevery
large capacitanceload per readoutchannel. In the standardtower structurethis would
amountto about40 nF per tower in an eight absorptionlength proton hadronicsector,If
thia were divided into two depthsegmentsand readout with two channels,the input load
per channelwould be 2OnF. If no magneticfields were used,this large input capacitance
could be handledusing transformers.Another techniquethat is being investigatedfor use
with magneticfields is the electrostatictransformerapproach.Adopting the BRITE PAD
approachwould reducethis capacitanceload by a factor of ten. Perhapsthe electrostatic
transformerapproachincorporatedinto BRITE PADS would enablethe load capacitance
to be nearlymatchedto the amplifier input capacitance.

Should the BRITE PAD approachbeshownto be attractive,thenwe would construct
a test calorimeterusing them. This would be another"stack" to be testedat BNL and
FNAL in the test dewar.

3.3.6 Alternative Pad Structures - Arizona

While straightforwardextensionsof presentelectrodedesignswill likely provide the
required preformance,less explored geometriesmight offer important improvements.
Fig. 3.3.1 is a schematicshowingthe conventionalheavymetalabsorberplatesnot tiles
separatedby the canonical2 mm with liquid argon as the ionizing medium. We would
like to try padsof the following sort. It might be possibleto interspersesomenumberN
an odd numberof metalizedplastic sheetswithin the gap. The metalizationon every
other layer would be etchedor depositedin padgeometries.The plastic sheetsmight
be stretchedwith spacersat the pad edges. Such a schemehas severaladvantages.1
The time to drift out the chargeis reducedby a factor N + 1 if the electric field is kept
constant.If the electric field alternatesbetweensubgaps,thenthe voltage is lower by the
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samefactor N + 1. 2 The protonsin the plastic might providesomecompensation.The

metalizedlayer andthe plastic sheetsmust be kept as thin as possiblesince the rangeof

a knock-onproton from a slow neutronin an hadronicshoweris very short. Also Burke’s

constantfor heavily ionizing protons in liquid argon is not known so the improvementis
difficult to estimated.

Severalproblemsmust be addressedwith sucha design. If the conventionalparallel

readoutis employed, then the effective detectorcapacitancefor the sametower size is
increasedby a factor N + 12. This slows the readoutto a practicalchargepreampand
increasesthe electronicnoisedramatically. Howeverthereaxe severalschemesthat might
keep the signal-to-noiseratio the sameaswith the conventional2mm gap designandthe
detectorcapacitancewithin bounds.Theseinclude combinationsof series/parallelconnec
tions andparallel input - seriesoutput connectedcoupling transformers.Other problems
that we plan to addressinclude 1 maintainingaccurateseparationof the narrower sub-
gaps,2 liquid argonflow andbubblingin the subgaps,3 radiationdamagesensitivity of
the plastic sheets,and4 connectionsto the readoutelectronics.

3.3.7 Interaction Betweenthe Detector SubsystemsR&D
on Liquid Argon Calorimeter and on Front End Electronics

This project on Researchand Developmentof a Liquid Argon Calorimeterfor the SSC
will rely upon and interactcloselywith the project on DetectorFront End Electronicsby
BNL, LBL, Univ. Penn.,Harvard Univ., andothers.

The electronicsfor the absorbertestswill be implementedas a part of this project. It
will be basedlargely on the HELlOS design.

In manyrespects,the electronicsfor anSSCcalorimeterwill bedifferent e.g.,sampling
at 16 nsec intervals, analogstorage,pulseshapingby a sum of weighedsamples,trigger
requirements,largescaleimplementation,etc.. The developmentof this electronicswill
be donein closecollaborationwith this project.

The communicationsbetweenthesetwo projectswili be strengthenedby the partici
pation of two institutions BNL,LBL with severalinvestigatorsin both projects.

3.3.8 Designof a full sized-module

After about 1.5 yearsof investigation,outlined in A and B above,a ‘best’ stackcon
figurationwill bechosen,and a full sizedmoduledesignmade.Severalgeneralmechanical
optionsfor the internalstackdesignwill be studiedin advanceof thefinal choicefor ‘best’
stackto betterunderstandthe trade-offsfor various designchoices.Tradeoffs in existing
designsprovidesomeguidanceas to what we canexpect:

There are two basic constructionsthat have beenusedto segmentthe calorimeter’s
signalcollecting planein and8: padsand tiles. Padsasusedin Dø typically areeither
etchedor machinedonto printed circuit material with etchedor machinedtracesused
to carry signaM out to the perimeterof the local module, usuallyon an inner layer of a
multilayerprintedcircuit board. The materialusedin the signal layer doesnot contribute
significantly to the depth in absorptionlengths of the calorimeter. Signal layers using
tiles of the radiatormaterial lead in SLD do contributeto the absorptionlength of the
calorimeterin direct proportion to their thickness. However, tiled signal layers present
problemsin locatingsignal leadsto carrysignalsfrom inner tiles to the perimeterof the
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local module. In SLD, for example,modulesareonly four tiles wide, requiringsignal leads
from inner tiles to be brought past only one row of tiles to reachthe perimeterof the
module.

For a calorimeter10 proton absorptionlengthsdeep using 8mm thick lead radiator
platesand tiles, the total calorimeter depth is 2.14m; while using 4mm circuit board
signal layers insteadof the tiles, the total calorimeterdepth is 2.94m. This difference in
calorimeterthicknessincreasesthe calorimeterweight by 750 tonnes,or 18%, and also
increasesthe inner radiusof all the subsystemslocatedoutsidethe calorimeter.

Calorimetersegmentationis finest in the electromagneticsection. For the Dø endcap
electromagneticsection,4 rangedfrom ir/64 to r/16. Our presentSSC calorimeterde
signsshow similar segmentationwhich works out asmodules4-5 tiles wide in thehadronic
sections,but with twice that number in EM sections. Connectingtiles into towers by
tie rods and then connectingthe tie rods to signal leads will be looked at during the
calorimeterdesign.

Using tiles typically requiresthe high voltage to be appliedto the tiles, therebygen
erating signals at high voltage and requiring blocking capacitorsin the signal circuitry.
Printed circuit signalplanes in the DG calorimeterhave high voltage surfacesinsulated
from the signalpads,allowing the signal circuitry to be at groundpotential.

Mechanicalconsiderationssuchas thesemust be takeninto account before a ‘final’
choice of internal stack design is made,so that the overall cost of the detectorcan be
minimized. Other suchissuesaresure to ariseduring the stackstudiesoutlined in parts
A and B, and during the actualmechanicaldesignprocessitself.

3.3.9 Industrialization

As designfor the tAr calorimetermoves closer to level of reality encompassedby a
full engineeringstudy, the important questionsof tooling, assemblytechniques,reliability,
testing during and following assembly,etc., will assumemajor importance. In the 2nd
yearof this Proposalwe will needto start the interactionswith industry concerningthese
issues,so that the designthat startsin that yearwill incorporatefrom the beginningthese
crucial considerations.



Chapter 4.
Summary of Costs, Manpower, and Milestones

Institution FTE SeniorPhysicists YTE Junior Physicists FY1990 Funds
Arizona 1 0 $39,900

BNL 3 1 1,328,580
CalTech
Fermilab .1

FSU 0.25 88,330
Iowa State .25 1 40,000

KEK .1 1
LBL 2 1 819,613

Maryland 1 115,000
MSU 0.1 1 155,000

Mississippi 0.2 0.8 118,460
ORNL 0.1 81,600

Rochester 0.5 1 267,930
SLAC

Tennessee 0.5
Tokyo Inst. Tech. 0.1

Washington 1 2 195,000
Totals 11 9 $3,249,413

4.1. Milestones

If we receivethe full funding requestedabovewe havethe following milestones. Any
reduction in funding will meanthat we can not carry out thesegoals in a timely manner.

From Startof Funding
0.5 years Test of TableTop modelsof electrodestructuresto measure

signalpropagation,crosstalk,etc.
0.5 years Similar testsof ElectrostaticTransformerApproach
1 year Measuree/r in leadliquid argonstackat AGS
1 year Demonstrateeffectivecooling of preaxnpsin argon
1.5 years Test alternatestacksin beam
2 years Designrealmodule for SSC
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BrookhavenNational Laboratory

MEMORANDUMty

Date: September15, 1989

To: H. Gordon

Front D. BeaviiØ

Subject BeamLinefor SSCCalorimeterR&D
S

There exists severalviable options for testing a SSC prototypeliquid Argon
calorimeterat the AGS for FY91 and FY92. Final selectionwill requireadditional
refinementof your neededexperimentalconditionsand compatibility with other
programobligations.

The EP&S engineerscan provide an estimationof the cost to implementyour
equipmenton the AGS floor includingpower requirements,environmentalcontrol,
cabletrays,anddectronics/countinghouse.

Bob Meier can provide costestimatesfor theliquid argonsystemoncehehasthe
initial fill volume andboiling rate. He may alreadyhave someof thecomponents
necessaiyfor constructingthecontrolssystems.In addition,hebdievesthat it maybe
easiestto do initial filling with liquid argon,andreplacementby condensinggas.

Thefollowing beamlineswouldprobablymeetyourrequirement&

A3 Would requiremodification of last quaddoubktandinstallationof an
experimentaltestarea.

Thefuture useof A3 is uncertain.E845hasnot madeadecisionto ask
for anextensionfor FY91 andtheywill not runin FY90.

ThislineisanORwithAL

- acceptanceis -1000pSR-%.

Bi No beamline modificationrequired.

E802/E859hasplanswhich could extenduseof the line for heavyions
beyondFY91 CompatibilityduringSEBis possibibut may be affected
1’ E802upgrades.

ThislineisanORwithBswhichpresentlyhasEl9l.

Acceptanceis - 150pSR-%.
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CS No beamline modificationsrequired.

E814 mayhave long-termplansfor heavy ion ons. Compatibility
dnringSEB maybepossible.

This beamline is an OR with theCl beamline expectingto rim
in FY91 for E85O.

Acceptanceis - 300pSR-%.

All thesebeamlinescan providetaggingif the userinstalls the apy opriateCerenkov
detectorsupstreamof the apparatutInstallationof the Cererikr detectorsbefore
thelastopticselementsarepossiblebut requiredetailedconsideraLnfl.

Sinceyou mentionedtheBi beamline, I haveusedit for a specificc’amp1e.

TableI givesa qualitativecomparisonof beamlines.

Table II gives the areaclassificationfor the Bi area.Area could be run asclassII
with theconstraintthat thebeambecontainedin anenclosurebeampipe.

Figure1 showsa typical secondarytunefor E802. Your detectorwould probablybeat
Z = 85 meters.Favorablespot sizeshouldbe achievedby changingthefocal distance
of the last doubkt.

Figure 2 shows the ‘C intensity as a function ijing Sanford-Wangfor production
estimates,beamline acceptanceandassuming10" protoninteractionsperspill in the
B-target

I believe that the "best" option would be the installationof a high quality testbeam.
‘Ills might includeconversionof AS or anotherexistingbeam line or installationof a
newbeam line. Naturally,this option is probablythe mostcostlyin resources.

I wifi be happyto helpin furtherrefining thae considerailonsif you desire.

PC 11 lazarus
C Ssman E802/B1
W. Morse E8451A3
D. LissauerE814iV5
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Bi Area RadiationCassificaflons

Theradiationclassratingassociatedwith variousbeamintensities
is ltsted below for the Bi experimentalarea.The following hasbeen
use&

IRelativc factor for oxygen/protonis 30.
llRelative factor for siliconjproton is 140.
llReiative factor for gold/protonis 9000.

IVA minimumbeamareaof 1 cm2 is used
VA 3. secondcycle ratefor theAGS.

Radiation - Particles/spill
Clan Protons Oxygen Silkou 2cM

I >9.OxlOt >3.0x106 >6.4x105 >L0x104

U cO.OxlOT c3.Oxlt cG.4x105 <L0x104

m <9.Oxlt <&0x105 <6Axlø <1000.

W c3.x105 <L0x104 <2150 <33.

V <9000. <300. <65 CL

VI <150. <5. ct <.016



Chapter 6.
Appendix II. Budgets

6.1. Arizona - Budget

Operations
PrototypeFabricationSupplies 3,000
ElectronicsPartsandFabrication 2,000
TtansformerFabricationthru Industry 5,000

Total Operations 10,000

Total Subject to Overhead 10,000
Overhead0 49% 4,900

Equipment
LAr Test Cryostat 25,000

Total Equipment 25,000

Total Request 39,900

6.2. BNL - Budget

Table 6.2.1: Costsof Test BeamCalorimeter

M&S
1. Pb Stack 64K
2. Pb/CladdingStack 64K
3. U Stack 64K???
4. Electronics 244K
5. Fixtures 28K
6. CryogenicControls, storagedewers,liquid argon 80K
7. Calibration 5K
9. R&D 20K

10. Support for test beamwork 50K
TOTAL $ 555K

with GNA $ 813K
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Mannower
EDIA Man Months Cost/month Total

Engineermechanical
Engineerelectronic

Engineerproject coordinator
Designers

6
24
12
12

$5140
$5140
$5140
$4671

$30840
$123360
$61680
$56052

Totals $271932
with GNA $398,380

Fabrication

Technicians
with GNA

Man Months
48

Cost/month
$3000

Total
$144000

$210,960

j FY 90 $1,328,580
FY 91 $93,760

6.3. Florida State - Budget

Florida StateUniversity’s commitment to this project consistsof J. Womersleyio%
of researchtime andV. Hagopian5%, togetherwith one interestedgraduatestudent.
We will also makeavailableour mechanicalshopfacilities, which include mechanicalCAD
and electricalcircuit designsystems. We are requestingfunds to hire one technician to
supervisethe radiationhardnessstudies.

Technicianincluding fringe benefits
Electronacceleratormaintenance
Miscellaneousexpensesincludingshipping
DevelopLead Alloys with vendors

Overhead21% if funds arethroughour DOE grant,
otherwise44%, assume21%
TOTAL FSU REQUEST

$ 28,000
5,000
10,000
25,000

5,000
$73,000

Travel
SUB-TOTAL

6.4. Iowa State University - Budget

15,330
$ 88,330

Studentsand travel costs - including overhead$40,000.
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6.5. LawrenceBerkeleyLaboratory - Budget

Air Tests $ 17,090
HV Studiesin LAr 47,470
SSC StackDesign 65,460
2 A TM Cryostat 199,270
2 A TestModule 72,560
0/A Cal DesignInterface 95,440
Overhead47% 262,053
Total 819,613

6.6. University of Maryland - Budget

The costs for the dataacquisitionsystemareas follows:MicroVax 3400, 12MB, R.F71,
TK7O, BA213 $30,000with discountExabyte8mm tapesystem$6000WREN V or equiva
lent 600MB disk $&000 for a total of $41,000.We arerequesting$35,000for one part-time
electricalengineerandpart-timeof a prograrnerto work on this effort.

6.7. MSU - Budget

4 BudgetMSU:
1/2 engineerfor oneyear $40K
1 technicianfor one year 30K
1/2 techpaid by MSU
Undergraduates30 $15K/year 45K
Travel 5K
MechanicalShop $ 7.50/hour

8K
Electronic Shop$10.00/hour -

1 Postdoc 28K
Overhead 29K

* It is also worth mentioningthat we have a large cryostat17"in diameter48" deep
completelyinstrumentedasa liquid argondetector,with testcell,electronics,cooling loops
etc. It actually hasa stackin it now andwehavemeasuredmuonswith it. We also havea
licensefor Uraniumand haveU platesat MSU about200pounds.This is a nice system
to actuallytest cell structures.
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6.8. U. of Mississippi - Budget

Post Doc - with fringe $ 36,000
ProgrztnnierSupport 15,860
ResearchAssistantsgrad andundergrad 6,000
Travel 8,000
ComputerFee contribution to centralfacility1O,000
Communication 5.000

Total 80,860

Overhead 37,600

Grandtotal 118,460

6.9. ORNL - Budget

ORNL
1/2 time programmerincludingoverhead $ 81,600

6.10. Rochester- Budget

RochesterManpowerandBudgetRequirements

Rochesterpians to dedicate25% of F. Lobkowicz, 10% of T. Ferbel and 13% of P.
Draperto the project. In addition we plan to hire 1 new postdocto be dedicatedto this
project, as well as 1 graduatestudentand 3-5 undergraduatestudents.

The SSCcompletiondatelies too far in thefuturefor agraduatestudentto contemplate
as a thesissubject. Insteadwe plan to have a studentwork for 2-3 yearson SSC LAr
development,but thendo a thesison either E706or 10, which both useLAr calorimetry.
Thus the experiencegainedhelpsthe studentduring the analysisof physicsdatataken.

Rochesterhas a large supply of very smart undergraduatesin physics and electri
cal engineering. Thesestudentswork 20 hours/weekduring the academicyear and40
hours/weekduring the summer. In the pastwe haveusedsuchstudentsfor assemblyand
testing of electronicsmodules Camac, Fastbus,etc. and someeven for development.
Programmingis anotherareawhere thesestudentsare immediately useful. We plan to
use thesestudentsin running SPICE simulations,aswell as in building and testingtower
models.

The new postdocwould be hiredspecifically to work on the calorimetertestsat BNL
seeSectionII, aswell asto help with thevariousdesignandtest projectsat Rochester.

Rochesterhas availablea 3-man drafting shopand 2-manelectronicsshop,eachone
headedby an engineer. We havethe capability of doing mechanicalCAD work and CAD
electronicslayouts.We can manufacture2-layerboardsin-house,andhavea local vendor
with fast turnaroundfor morecompletedboards.We also have a machineshopand one
technicianwho could be employedfull-time on the project startingDecember‘89. If the
project did not materialize,this technicianwould haveto be laid off.
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Table 6.10.1: RochesterCosts= 1 Year

SalariesandBenefits:
1 Postdoc $ 28,350

1 GraduateStudent 11,312
3 UndergraduateStudents 18,000

Total Salaries $ 57,662
Benefits22.8% of $28,350 6,464
Total Salariesand Benefits $ 64,126

Equipment_and_Materials:
Optical trigger system $ 4,000

2 Model prototypes 30,000
Measuringequipment 8,000

Total materialsand Supplies $ 44,000

ShopLabor:
Mechanicaldrafting/engineering 6 man months = $ 34,632

Electricaldesigning/layout 4 man months= 23,088
Machining 2 man months= 11,544

LaboratoryTechnicianRate60% of 8 man months= 27,706
Shop_rate

Total Shop Costs $ 96,970
TOTAL DIRECT COST $205,096

INDIRECT 59% of $64,126 37,834
Travel $25,000

TOTAL COST $267,930
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6.11. University of Washington,HEPL. - Budget

Equipment:
Dewar materials,fabrication $ 61.0k
MethaneStudy DewarDewar,Argon, etc 15.0k

Total $ 76.0k

Personnel:
Engineer4mmo 20.0k
TechnicianSmmo 5.0k
Physicist6mxno 15.0k
ResearchAssistantizmxno 14.0k
Poet Doc 6mmo 1O.0k

Total 64.0k

Travel: 15.0k

Indirect Costs:
51% non-equipmentitems 40.0k

Total: $i95.ok

&o% of thesesalariesarepaidfrom other sources


