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Abstract

Thisdocumentdescribestheimpactthatthedesign,assembly, andinstallationof theMINER � A
experimentwill haveonFermilab. Thisdocumentwill notcovertheimpactthattheexperimentwill
haveduringoperations,nordoesit addressthebroadphysicsimpacttheexperimentitself will have
on thefield of particlephysics.It shouldbeemphasizedthatthecurrentMINER � A proposalis for
anon-beam-axisexperimentrunningparasiticallyto MINOS. Thereis no off-axis running,andno
specialbeamrequests.

1 The MINER � A Experiment

TheNuMI neutrinofacility, designedfor theMINOS neutrinooscillationexperiment,will yield several
ordersof magnitudemoreeventsperkg of detectorperyearof exposurethanthehigher-energy Tevatron
neutrinobeam.Thisdramaticincreasein intensitywill allow usto initiateavigorousresearchprogram
with a much lighter andmore fine-graineddetector, andwith smallertargetsthan the massive iron,
marbleandotherhigh-A detectormaterialsusedin thepast.

That thesefacilitiesaredesignedto studyneutrinooscillationspointsout thesecondadvantageof
theseneutrinoexperiments:An excellent knowledgeof the neutrinobeamitself will be requiredto
reducethe beam-associatedsystematicuncertaintiesof the oscillationresult. This knowledgeof the
neutrinospectrumwill also reducethe beamsystematicsin the measurementof neutrino-scattering
phenomena.In addition,becauseneutrinooscillationexperimentsneedto uselow-energy neutrinos
and massive nucleartargets, thereis a clear needto betterunderstandlow-energy neutrino-Nucleus
interactions.

To take advantageof thesemajor improvementsin experimentalneutrinophysicspossiblewith
the NuMI beamand facility, a collaborationof elementaryparticle and nuclearphysicsgroupsand
institutionsnamed“MINER � A” (Main INjector ExpeRiment� –A) hasbeenformed. Thegoalof the
MINER � A experimentis to performa high-statisticsneutrino-nucleusscatteringexperimentusinga
fine-graineddetectorlocatedon-axis,upstreamof the MINOS neardetector. The proposalfor this
experiment(P-938)wassubmittedto theFermilabPAC at theirDecember2003meetingandwasgiven
encouragementat thatmeeting.

2 The MINER � A Detector

Thephysicsgoalsoutlinedin theproposalcanbemetby arelatively compactandactive target/detector
consistingof a centralsectionof essentiallysolid scintillatorbars.This centraldetectoris surrounded
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onall sidesby anelectromagneticcalorimeter, ahadroniccalorimeterandamagnetizedmuon-identifier
andspectrometer. Thedetectorhastheapproximateoverall shapeof a hexagon(to permit threestereo
views)with across-sectionof 3.55m minorand4.10m majoraxis.Thelengthis upto 5.7m,depending
onhow closethedetectorcanbeplacedto theMINOS neardetectorasin Fig.1. Theactiveplasticscin-
tillator volumeis 6.1 tonsallowing variablesizedfiducial volumesdependingon thephysicschannel
beingstudied.At theupstreamendof thedetectorarenucleartargetsconsistingof C, FeandPb. Sig-
nificantgranularityandvertex-reconstructionaccuracy canbeachievedby theuseof triangular-shaped
extrudedplasticscintillator (CH) barswith an optical fiber placedin a groove at the baseof the bar
for readout.Recentwork at theFermilabScintillatorR&D Facility hasshown thatusinglight division
acrosstriangularlyshapedscintillatorstripsof this sizecanyield coordinateresolutionsof a few mil-
limeters.Theorientationsof thescintillatorstripsarealternatedsothatefficientpatternrecognitionand
trackingcanbeperformed.Following thedownstreamendof thecentraldetectorareelectromagnetic
andhadroniccalorimeters.TheMINER � A detectorshouldbeplacedon thebeamaxisandascloseas
possibleto theupstreamfaceof theMINOS neardetectorin orderto usethatdetector’s magneticfield,
steel,andinstrumentedplanesasan externalmuon-identifierandspectrometerfor the forward-going
muons,andasa calorimeterfor any hadronicenergy exiting thecentraldetector. Moving thedetector
furtherupstreamfrom theMINOS detectorwill decreasetheacceptancefor muonsin theMINOS de-
tector. If necessarya90-ton”muonranger”,consistingof 1.2m of segmentedandmagnetizediron with
scintillatorplanes,will beaddedto helpidentify andmeasurethemomentumof low-energy muons.For
high-energy muons,theMINOS neardetectorwill provide muchbettermomentumresolutionthanthe
muonranger. Thesizeof thevariouscomponentsof thedetectoris shown in Table1.

With a comparatively simpleandstraightforwardactive detectortechnology, themostcomplicated
partsof MINER � A arethephotosensorsandtheir associatedreadoutelectronics.Thephotosensorand
electronicschoicesfor theexperimentwerethereforedictatedby acombinationof cost,requiredR&D,
risk andavailability of on-siteexpertise. Ultimately, we choseto pursuea solution basedon multi-
anodephotomultipliertubes(MAPMTs). Thetubechosenis anincrementaldesignimprovementfrom
theoneusedin theMINOS neardetector, andweexpectmuchof theexperiencegainedby theMINOS
collaborationwith thesedetectorsto beapplicable.For the front-enddigitizationandtiming, thebest
performingsystemwith theleastrequiredR&D is a schemebasedon D0 TriP ASIC. TheTriP chip is
a redesignof thereadoutASIC for theD0 fiber tracker andpreshower originally motivatedby theneed

Sub-Detector Mass(metrictons)
ActiveTarget 6.1
SideECAL 8.5
US ECAL (PbTarget) 3.5
US HCAL (FeTarget) 7.0
OD FramingtheTargetRegions 126.5
DS ECAL 19.8
DS HCAL 26.4
Veto 15.1
MR/Toroid (if required) 90.8
Total 302.1

Table1: Massby sub-detector
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Figure1: View of theproposedMINER � A detector(withoutasupportstand),andtheMINOS detector,
lookingdownstream.
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Figure2: Outlineof MINER � A detector, with theoptionalmuonranger, to illustrateshapeandscale.
Notethelocationsof thePMT readoutboxeson topof thedetector, coilson thebottom.

to run at 132 ns bunchcrossingsin the TeVatron. A productionrun of oneversionof TriP hasbeen
completed;however, sincetheTeVatronrunplansdonotnow call for 132nsoperation,thesechipswill
not seetheiroriginaluse.Theseexistingchips,however, couldberecycledinto usein MINER � A. The
MAPMTs will bemounteddirectlyon thefront-endboardsto reduceinput capacitance.Therefore,the
front-endboardandPMT needto residein asinglelight-tight boxwith opticalcablesfrom thedetector
asinput. In our preliminarydesign,eachPMT box will have a singlePMT andfront-endelectronics
for its 64 channels,alongwith a Cockcroft-Walton HV generator. To minimizethe lengthof theclear
fibercables,weplanto mountthePMT boxesdirectlyon theupperpartsof theMINER � A detector, on
thetwo highestsidesof thehexagonto avoid conflict with thecoils or sideclearanceof thedetectoras
shown in Fig. 2. Thiswill requiremagneticshieldingof theMAPMTs.

3 The MINER � A R&D Program

The R&D project for MINER � A attemptsto useasmuchexpertiseandcompletedR&D effort from
Fermilabexperimentsor genericefforts aspossible.For this reasonwe have chosenscintillator bars
andtheir cross-sectionalshapeto take advantageof theFermilabScintillatorR&D facility experience,
andwe have adaptedMAPMT to capitalizeon theMINOS expertise.We have alsoadoptedtheTriP
chip to take advantageof thesignificantD0 R&D effort on this front-endchip. SincetheMINER � A
collaborationwantsto constructthe detector, install it andbegin takingdataon a shorttimescale,we
will continueto take advantageof existing expertisewherever possible.We have requesteda spaceof�����
	���

in theNew MuonLab to conductourR& D program.By usingtheNew MuonLabwe can
take advantageof neededtestequipment,usedby MINOS, alreadylocatedthere.
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3.1 ExpectedR& D Efforts in FY2004

The R&D effort for the currentyearwill be directedtoward a full scale”Vertical Slice Test” of the
detector. A boardwill be developedto test the TriP chip. It will be connectedto MINOS hardware
to usea 64-channelscintillator arrayto testtracking,electronics,light yield andnoisevia cosmicray
triggers.This will requireclosecollaborationwith theASIC projectto constructtheboard.Thedetails
onopticalconnectorsandcableswill bedevelopedaspartof theSliceTest.

For theverticalsliceDAQ board,PPDis supplyingtheelectricalengineeringto designtheboard.
MINER � A collaboratorswill build the detectorandfund the materials.Minor requestsfrom FNAL-
PPDarepossible,suchaspolishingandmirroringof about80WLS fibers,or somecuttingof scintillator
stockfor thedetector, but we arestill discussingthedetails.We expectto askFermilabpersonnelfor
consultinghelp,but no more: asanexample,we will continueto consultwith Fermilabengineerson
ourprogress.

3.2 ExpectedAccomplishmentsin FY2005and beyond

Our goal is to be in productionwithin FY05. In early FY05 (maybelate FY04) we will want to test
somedies(developedby NIU with non-Fermilabfunding)in theLab5 extrusionfacility. Theremaybe
othersmall tasksbestdoneby Fermilabengineers(e.g.,first FEA of theframe),but thosesofar areat
thelevel of ”sparetime” tasks.

We would then like to pursuea test-beamrun with a full-scale cross-sectionof the MINER � A
Detector. FurtherR&D leadingup to this testandasaconsequenceof theresultof this testcanwell be
imagined.

4 MINER � A DesignTasksfor Fermilab

Thedetector, electronics,andreadoutarebeingdesignedby physicistsandengineersfrom universities,
andfabricatedprimarily by university technicians.However, it is forseenthatFermilabwill take over
theresponsibilityfor designingthoseitemswhich areof a safetyconcern.This includesthestandthat
holdsthedetectorin theMINOS neardetectorhall, aswell asashorterversionthatwill beusedduring
assemblyin a spaceprovided by Fermilab–wehave requestedthe New Muon Lab. The installation
procedureandassociatedlifting fixtures,the low voltagedistribution systemandanything associated
with power supplieswill alsobedesignedby Fermilabengineers.

Many of thedesigntasksaresimilar to MINOS andasmuchaspossiblewehave tried to basethese
estimateson MINOS costs.Thenext threesectionsgive detailson someof thedesigntaskswhich are
thensummarized,alongwith lessinvolveddesigntasks,in Table3.

4.1 DetectorStandDesign

We assumea standfor thedetectorcomprisingtwo rails approximately20 feet in length. Eachrail is
supportedby four vertical postsof structuralsteel,with a structuralsteelbookendat thedownstream
end. The ”keys,” which lock the 4-planemoduleassembliesinto the structure,aremadeof stainless
steelto preventthesupportsfrom becomingmagnetized.A combinationof stainlessandbrassis alsoa
possibility. Therewill be100of these(2eachfor 50modules)andtheirmanufacturewill constitutemost
of themachinist’s time for this item. Thesumweightof all of themodulesis estimatedto be211tons
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Personnel TimeNeeded Cost(k$)

1 Engineer 2 months 22
3 Technicians 2 weeks 10
1 SafetyOfficer 2 days 1

Total: 33

Table2: List of personnelneededto design,constructandtesttheMINER � A strongback.

plusa possible91 tonsfor themuonranger, exclusive of cabling,electronicsandotheraccoutrements.
Thepreliminarydesigncallsfor thestandto support400tons.

4.2 DetectorStrongbackDesign

This task is assumedto be straightforward, basedon experiencewith the MINOS strongbacks.It is
possiblethatsomematerialsleft over from MINOS couldbeusedin thefabricationof thestrongback.
One attractive possibility is to assemblethe moduleson the strongback, and the individual pieces
would thereforebe lifted with slingsandplacedon thestrongback.In this way anadditionalcustom-
built lifting fixtureotherthanthestrongbackitself will notbenecessary. Timeandpersonnelestimates
aregivenin Table2.

4.3 Front-end Electronics

The front-endelectronicsdecisionwasbasedon researchalreadyperformedin collaborationwith the
ASIC projectgroupwithin Fermilab’s ElectricalEngineeringDepartment.We consideredthe Viking
chipusedby theMINOS fardetector, theQIE chipusedby theMINOS neardetectorandtheTriP chip
usedby D0. TheASIC projectwasof immensehelp in determiningthat theTriP chip could beused
by MINER � A andtheTriP chip wasultimatelychosen.We will needcontinueddesignhelpfrom the
ASIC Projectto develop thefront-endboard,usingtheTriP chip, to beusedin this year’s R&D effort
and,eventually, in theexperiment.

4.4 DesignSummary

A list of designtasksandthelengthof timeeachwould requireis givenin Table3.

5 Fabrication

Thedetector, becauseof its size,shouldbeassembledonsite.A spaceto establisha fabricationfacility
for the detectormodulesis requestedin the New Muon Lab. It is assumedthat Fermilabwould be
responsibleonly for safetyoversightandwelding,rigging,or craneusage.Thebulk of theassemblywill
bedoneby university technicians.In contrast,Fermilabwill take full responsibilityfor theinstallation
of thedetector.

Becauseof the safetyconcernsit is assumedthat Fermilabwill be responsiblefor fabricationof
the detectorstandandstrongback,aswell asthe cart which will transportthe detectormodulesfrom
thebottomof theMINOS shaftto thestand.We assumethe fabricationcostof thestrongbackwould

6



Task Division Personnel Time Cost(K$)

InstallationProcedure PPD Mech.Eng. 4 months 45
PPD Drafting 2 months 14

DetectorStandfor NearHall PPD MechEng.and 5 weeks 14
(includingbookendanddrip protection) draftsperson
Strongbackfor ModuleTransport PPD Mech.Eng. 2 months 22
Review of ModuleAssemblyProcedure PPD Mech.Eng. 1 months 11
Low VoltageSystem(5kW) PPD Elec.Eng. 3 months 33
TriP-chipfront-endBoard PPD Elec.Eng. 12months 130

Total: 268

Table3: List of designtasksundertaken by FermilabEngineersanddraftspeople,andanestimatefor
the time requiredfor eachtask. Costsarecalculatedassuming$130k/yeartotal costperengineerand
$80k/yeartotal costperdraftsperson.

Personnel TimeNeeded Cost(k$)

1 Engineer 5 weeks 13
1 Draftsman 5 weeks 8
3 Technicians 14 weeks 67
1 Machinist 9 weeks 20
1 Welder 3 weeks 9
1 SafetyOfficer 3 weeks 7
3 Riggers(2+super) 3 weeks 31

Total: 155

Table4: List of personnelandtime requiredfor thedesign,assembly, andinstallationof thedetector
suportstructure.Broken into phases,designis $21k,assemblyandinstallationareeachestimatedat
half of theremainder, or $52k.

bethatof a MINOS neardetectorstrongback,approximately$12k. If theexisting MINOS cartcanbe
modifiedfor MINER � A usethenthatwouldbedone.

5.1 DetectorSupport Structure Fabrication

Weintendto build twosupportstructures,oneshorterstructurefor moduleassemblyandonefor support
in theMINOS nearhall. Themoduleassemblyandtheassemblystanditself would beat New Muon
Lab. Theundergroundsupportstructureshouldalsobeassembledfirst on thesurface,at theNew Muon
Lab. The purposeof the above-groundassemblyis to test the structureitself and de-bug assembly
procedures.It will bemodifiedasnecessary, thendisassembledandmovedundergroundto theMINOS
hall. All critical weldswill bemadeon thesurface.Undergroundassemblywill consistof rigging and
bolting.

No detailedcostestimatesfor timeandmaterialsareavailableasof thiswriting. Estimates,givenin
Table4 for personnelandtimeareintegratedover theentirefabricationandinstallationperiod,which is
assumedto take nineweeksfrom thestartof fabricationto completionof theinstallationunderground.
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Task Division Personnel Time Cost(k$)

DetectorStandfor NearHall PPD Technician 6 weeks 66
(includingbookendanddrip protection)
InstallationStrongback PPD Tech 2 weeks 11
StrongbackSafetyOversight ES& H Engineer 2 days 1
ModuleAssemblyPrototyping PPD SafetyOversight .1FTE

	
6months 13

Welder .2FTE
	

6mos 15
CraneOperator .2FTE

	
6 months 8

ModuleAssembly PPD sameasprototype 12 months 72
InternalAlignment PPD Survey crew 1 week 3.5

Total: 190

Table5: List of fabricationtasksundertaken or aidedby Fermilabtechniciansor surveyors, andan
estimatefor thetime requiredfor eachtask.

5.2 Fabrication Impact Summary

First of all, thespacefor fabricationof themodulesat New Muon Lab is requested.Theremainderof
theimpacton Fermilabduringthefabricationphaseis summarizedin Table5.

6 Installation

6.1 Quiet Power Requirementsand Installation

Thecurrentdesignof thedetectorcallsfor acomplementof electronicsandDAQ componentsthatwill
notquitefill oneelectronicsrack:

� A totalof 10VME readoutmodules,filling half of oneVME crate

� Oneor two PVIC/VME interfacemodules(onepercrate)

� A to bespecifiednumberof additionalmodulesfor timestampandtriggerlogic. Approximately
onecrateworth.

� A slow-control systemthat is Ethernet-basedwith 600Ethernetchannelsinvolving a two-tiered
LAN.

� A DAQ computer

Thesumpowerdraw of theseitemsis estimatedto be3kW
Also in the rack is the low-voltagepower supplyto the595 front-endboardsmountedin the indi-

vidualPMT boxesthatincludeaCockcroft-Waltonfor thePMT. Thepower requiredperPMT boxwill
beorder7 wattsrequiringa power supplywith a total outputof 5 kW. Total Quietpower requiredfor
read-outelectronics,DAQ computer, front-endelectronicsandthePMTsis 8kW.

To accomodatethis,andany othercurrentlyunforeseenquietpower needs,MINER � A proposesto
adda75kVA transformerto theMINOS hall, in additionto thetwo 75kVA andone45kVA transformers
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alreadyservingMINOS. Like the threeexisting transformers,the MINER � A onewould be fed from
themain750kVA quietpower transformer, at 480V. Unusedtapswith sufficient currentcapacityexist
on this line. Theestimatedcostfor the75kVA transformerandits panelboardsis approximately$8k.
An additional$24kwouldberequiredin electricianlaborto install thetransformer, conduits,andpanel
boards,but thisamountcouldbesubstantiallylessdependingonthepreciselocationof thecomponents
within theMINOS hall.

6.2 Magnet Power Supply

MINER � A will use48 turnsat 500amps(24 kA-turns) to power the magneticcomponentof thede-
tector. A 240kW PEI power supplywill likely beusedfor theMINER � A magnet,andwould needto
supply500A at anestimated60V. UnusedPEI 240suppliesexist at Fermilab,but mayneedrefurbish-
ing of controlsandtransformerat a costof up to $22k. We areawarethat theMINOS coil eventually
requiredthat theoriginal designfor 48 coils be modifiedby combinga setof six coils into a barand
poweringthemagnetasan8-turncoil at 5000amps.Werewe to adoptthis procedurewe would need
to runan8-coil geometryat3000amps.

TheMINOS magnetwill draw anestimated80kW on a power supplyfed by a 400A/480Vtrans-
former. Accountingfor efficienciesof thesupplies,theMINOS andMINER � A magnetpowersupplies
combinedareexpectedto draw lessthan200 kVA (236A) from the 400A/480Vtransformer. In this
case,MINER � A will only needto adda seperatedisconnectfor thenew power supply. Theexpected
costis approximately$5kof electricianlaborand$0.5kfor thedisconnect.

6.3 Module Installation Schedule

Thetimeneededto installthedetectormoduleswasbasedontheMINOS intallationplan.For thepartof
theMINOS detectorthathasscintillatorplanesbetweenevery planeof steel,onecrew of 4 technicians
(plus a taskmanager)will make two trips per day from New Muon Laboratoryto the MINOS near
hall. Betweendelivery of eachsteel-scintillatorunit, MINOS physicistswill commissioneachplane
andcheckfor light leaksor any possibledamageto theunit. For the“spectrometer”partof theMINOS
detector, namelyoneplaneof steelinstrumentedwith scintillatorfollowedby 4 planesof “blank” steel,
thecrew will makeonetrip aday, wherethey expectto transport,lowerdown theshaft,andinstall all 5
planesin oneday, endingon aninstumentedplanewhich thengetscommissionedby physicists.

MINER � A alsohastwo kindsof detectorregions: for themuonranger, shouldit berequired,the
segmentationis similar, wheretherewill be 3 planesof scintillator, with two steelsectionsmadeup
of nine 2”-thick planessandwichedbetweenthe scintillator. Similarly the hadroncalorimeterregion
will have instrumentedplanesseparatedagainby 2” steelplates.Theseregionswill beinstalledwith 1
instrumentedplanetrip plusblanksteelperday, while theotherregionswill beinstalledwith two trips
perday. Table6 givesa list of thenumberof modules,theirweights,andhow many daysit is expected
to install themusingthis schedule.

6.4 Computing Support

This is difficult to quantifywithout a moreexactknowledgeof MINER � Aś computingandelectronics
needs.We do know that the total acquireddatasizeis only

�����
bits perspill, soeven with

�����
spills

peryear, this is � �����
/yearWecanalsomakesomequalitative estimatesof requiredsupportfrom the

ComputingDivision,asshown in Table7.
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Number Mass/Module Timeto Install
DetectorRegion (modules) (tons) (days)

InnerDetector 30 3.6 15
UpstreamECAL 6 3.8 3
NuclearTargets 4 3.9 2
DownstreamECAL 5 4 3
DownstreamHCAL 5 5.3 5
MuonRanger 3 +18planes 3.6 3

Total: 33

Table6: Tableof detectormodules,their weights,andtheestimatedtimesto install them,assuminga
schedulesimilar to theMINOS installationschedule.

Personnel Time required Task
Liaison 1 week PrepareMOU
SystemManager 1 week Manageoffline computingresources
Programmer 3 weeks Supportfor CRL (if adopted)
2 Technicians 2 weeks Install additionalethernetlines

in LabE andMINOS hall
PREPStaff MINER � AśPREPneedsarenot yet fully understood

But onerackwill beneeded

Table7: Personnel,time required,andtasksthat theMINER � A experimentwill likely needfrom the
computingdivision. The MINER � A collaborationhasnot yet madea decisionon whetherto usea
ControlRoomLogbook(CRL), but theprovision for it is madehere.
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6.5 ES&H Oversight of RadioactiveSources

TheMINER � A collaborationhasnotyetmadeadecisiononwhetherto useradioactive sources,but the
provision for themis madein this impactstatement.Two usesof radioactive sourcesmaybeforeseen
for theMINER � A experiment.Thefirst is pre-installationcalibrationandmappingof thescintillator
strips,usinga mappersetupsimilar to that usedfor MINOS. The secondis in situ calibrationof the
stripswith sourcesmountedin thedetector. Both applicationswould requiresupportfrom theES&H
Section’s RadiationPhysicsGroup.Thesourceswould have to bebroughtinto theFermilabinventory
and transportedby a sourcetechnician. Installationof sourcesin a mapperor detectorwould also
needsourcetech oversight. Somemembersof the collaborationmay also requireRad Worker and
Radioactive Sourcetraining. In total,weestimatetheseissueswill requiretheeffortsof anengineering
physicistfor 1 week,1 technicianfor 3 weeks,andonetrainerfor 1 week.

6.6 ES&H Training for Underground Access

Any collaboratorswho work onor accessthedetectorin theneardetectorhall will have to have under-
groundsafetytraining. Somemayalreadyhave hadsuchtraining for work on NuMI/MINOS, but we
assumethatmostwill not. This is expectedto take thetimeof 1 Traineronefull timeweekequivalent.

6.7 PossibleModification to MINOS Rack Platform

The proposedlocationof the MINER � A detectorandstandwould impingeon a ”keep-clear”egress
spaceon thewestsideof thehall. Thelocationof theegressspaceis currentlydeterminedby thestairs
to theMINOS rackplatform. It is possiblethat this spacecompetitioncanbe resolved by displacing
thedetectorslightly to theeast,with negligble impacton thelow energy beamconfiguration.However,
it may be preferableto extend the MINOS readoutrack platform, andmove the stairsto a location
upstreamof theMINER � A detector. An estimatefor thepurchaseandinstallationof thenew platform
section,andthedisplacementof thestairs,is $10k: $1.2kfor 3 persondaysof work, and$9k for the
frameandthegrating.

6.8 MINER � A Cooling Requirements

The heatgeneratedby the MINER � A experimentinto the MINOS hall hasto be removed. This has
beenseenat theMINOS far detectorat Soudan.At Soudan,all theheatwent into theair andinto the
cavernrock initially. However, oncetherockwarmedup, therateof heatgoinginto therockdecreased
andthey have found it necessaryto increasetheair flow thru thecavern to keepthetemperaturefrom
rising above 70F.

The sameeffect is expectedto occurat MINOS NearDetectorhall. Initially heatwill be added
to the rock intentionally to raisethe cavern temperaturein an attemptto lower the relative humidity.
For MINOS Near, the cooling systemhasbeendesignedto put all of the anticipatedheatfrom the
experimentinto the sumppumpwaterwhich is beingpumpedto the surface. This shouldresult in a
sumpdischarge watertemperatureof somethingin excessof 70 F, an increaseof some17 F over the
initial temperatureof thecoolingwater.

Theheatgeneratedby MINER � A experimentwill comefrom severalsources.

� The magnetcoil heatloss is directly calculatedto be order 30 kW. This may vary depending
on theB-H characteristicsof thesteeleventuallyusedfor theMINER � A magnet.TheMINOS

11



HeatSource HeatLoad

magnetcoil 30 kW
magnetpower supply 10 kW
electronicsrack 2 kW
600PMT boxes 4 kW

TOTAL 46 kW

Table8: MINER � A heatsourcesandtheheatloadexpectedfrom eachsource

near-detectorcoil runningat 40 kA-turns,with coils over twice aslong astheMINER � A coils,
is expectedto generate48 kW of heat.

� Themagnetpower supply- aPEI240- hasamaximumheatlossto waterof 10 kW.

� The 8 kW draw of the electronicsrack runningat 80% efficiency yields a heatlossof 1.6 kW.
This 2 kW of heatcaneitherbecarriedaway via water-cooling,asin MINOS, or canbevented
into theair andcarriedawayby thecoils. It is asmallperturbationto eitherload.

� Eachof the approximately600 PMT boxesmountedon the detectorwill containthe front-end
TriP chipelectronicsandaCockcroft-Waltonto power thePMT. Thesumwattageto powereach
PMT box is thenapproximately7 W. For theheatingestimatewe assumethat theentire7 W is
releasedasheatsuggestingthat4 kW of heatis releasedinto theair from thissource.

Table8 summarizestheexpectedheatloadfrom theMINER � A installation.
TheMINOS heatload is estimatedto be120kW. Therearetapsfor additionalHVAC unitssized

to remove anadditional36 kW from theair in neardetectorhall. However, thecurrentsystem(without
usingtheseadditionaltaps)hasn’t yet beenshown to besufficient with MINOS loads.Theadditional
heatto the watercooling systemfrom MINER � A is an order40% addedload, the major part being
the MINER � A magnet. Sincemagnetsare regularly cooledwith 95 F water, the increasein water
temperatureshouldbemanageablewithout theneedfor additionalchillers.

6.9 Installation Summary

Table9 givesasummaryof all theinstallationtasksthatwill betheresponsibilityof Fermilab.

7 Summary

TheMINER � A experimentis in thevery fortunatepositionof beingableto pursueanexcellentphysics
program,of significantimportanceto the long-rangeneutrinophysicsobjectivesof Fermilabandthe
internationalneutrinophysicscommunity, without excessive impacton Fermilab. Thetotal costof the
impactis estimatedhereto be$832k.

MINER � A doesnotneedany civil-construction,MINER � A doesnotneedanew beam,MINER � A
doesnot even needspecialrun-conditionsfor the beamit will be usingsinceit will run parasitically
with the MINOS experiment. The MINER � A experimentis designedto be installedin a small part
of the largeemptyspaceupstreamof theMINOS near-detectorwithin thefully outfitted,for MINOS,
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Task Division Personnel Time Cost(K$)

Bookend PPD 2+1Riggers 2 days 4
TransportCart PPD 2+1Riggers 1 day 2
DetectorStand PPD 2+1Riggers 3 weeks 69
ModuleInstallation PPD 4-techniciancrew 7 weeks 85

andTaskManager
ElectronicsRack PPD 1 rigger 0.5day 0.7
PMT boxes PPD 1 rigger 0.5day 0.7
in theshaft
PMT boxesondetector experimenters -
MagnetCoil andCooling PPD 4 techcrew 6 weeks 70
RefurbishMagnetPowerSupply PPD techs,riggers 1 week 22
InstallMagnetPowerSupply PPD 2 techcrew, riggers 1 week 12
QuietPowerPanelBoards PPD techsand
Install electricians 24
Provide M& S 8
AcceleratorGateLogic andGPSSynch AD -
PossibleMINOS readoutplatformmod. PPD 4 Techs 3 days 1.2
FrameandGratingfor platformmod. PPD 8.7
Alignment PPD Survey Crew (3) 2 weeks 7
GeneralSafetyreview PPD 6 SafetyOfficers
andInspection (Engineers) 1 week 60

Total: 374.3

Table9: List of installationtasksundertaken or aidedby Fermilabtechniciansor surveyors, andan
estimatefor thetime requiredfor eachtask.
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neardetectorhall. Every attemptis being madeby the MINER � A experimentto capitalizeon the
experiencegainedin designing,fabricatingand installing the MINOS neardetectorto minimize the
impact on the Lab and permit rapid mountingof the experiment. This is also to the benefitof the
MINER � A experimentsinceour goal is to starttakingdatain FY2006,allowing us to obtainphysics
resultsin time to beof usealsoto theMINOS dataanalysis.
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