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Abstract

Thisdocumentiescribesheimpactthatthedesignassemblyandinstallationof the MINERVA
experimentwill have on Fermilab Thisdocumentwill notcovertheimpactthatthe experimentwill
have duringoperationsnor doesit addresshebroadphysicsimpactthe experimentitself will have
onthefield of particlephysics.It shouldbeemphasizedhatthe currentMINER»A proposais for
anon-beam-axigxperimentrunningparasiticallyto MINOS. Thereis no off-axis running,andno
specialbeamrequests.

1 The MINER vA Experiment

TheNuMI neutrinofacility, designedor the MINOS neutrinooscillationexperimentwill yield several
ordersof magnitudemoreeventsperkg of detectomperyearof exposureghanthehigherenegy Tevatron
neutrinobeam.This dramaticincreasen intensitywill allow usto initiate a vigorousresearctprogram
with a much lighter and more fine-graineddetector and with smallertargetsthan the massve iron,
marbleandotherhigh-A detectormaterialsusedin the past.

Thatthesefacilities aredesignedo studyneutrinooscillationspointsout the secondadwantageof
theseneutrinoexperiments: An excellentknowledge of the neutrinobeamitself will be requiredto
reducethe beam-associateslystematicuncertaintiesf the oscillationresult. This knowvledgeof the
neutrinospectrumwill also reducethe beamsystematicsn the measuremenof neutrino-scattering
phenomena.ln addition, becauseneutrinooscillation experimentsneedto uselow-enegy neutrinos
and massie nucleartamets, thereis a clear needto betterunderstandow-enegy neutrino-Nucleus
interactions.

To take advantageof thesemajor improvementsin experimentalneutrino physicspossiblewith
the NuMI beamand facility, a collaborationof elementaryparticle and nuclearphysicsgroupsand
institutionsnamed*MINER vA” (Main INjector ExpeRiment—A) hasbeenformed. The goal of the
MINERvA experimentis to performa high-statisticsneutrino-nucleuscatteringexperimentusing a
fine-graineddetectorlocatedon-axis, upstreamof the MINOS neardetector The proposalfor this
experiment(P-938)wassubmittedo the FermilabPAC attheir Decembef003meetingandwasgiven
encouragemeratthatmeeting.

2 The MINER vA Detector

Thephysicsgoalsoutlinedin the proposalkcanbemetby arelatvely compactandactive tamget/detector
consistingof a centralsectionof essentiallysolid scintillator bars. This centraldetectoris surrounded



onall sidesby anelectromagneticalorimeterahadroniccalorimeteranda magnetizeanuon-identifier
andspectrometerThe detectorhasthe approximateoverall shapeof a hexagon(to permitthreestereo
views)with across-sectioonf 3.55m minorand4.10m majoraxis. Thelengthis upto 5.7m, depending
onhow closethedetectorcanbeplacedto theMINOS neardetectorasin Fig. 1. Theactive plasticscin-
tillator volumeis 6.1 tonsallowing variablesizedfiducial volumesdependingon the physicschannel
beingstudied.At the upstreamendof the detectorarenucleartargetsconsistingof C, FeandPh Sig-
nificantgranularityandvertex-reconstructioraccurag canbe achieved by the useof triangularshaped
extrudedplastic scintillator (CH) barswith an optical fiber placedin a groove at the baseof the bar
for readout.Recentwork at the FermilabScintillatorR&D Facility hasshavn thatusinglight division
acrosdgriangularlyshapedscintillator stripsof this sizecanyield coordinateresolutionsof a few mil-
limeters.The orientationf the scintillatorstripsarealternatedsothatefficient patternrecognitionand
trackingcanbe performed.Following the downstreamendof the centraldetectorare electromagnetic
andhadroniccalorimetersThe MINERvA detectorshouldbe placedon the beamaxisandascloseas
possibleto the upstreanfaceof the MINOS neardetectorin orderto usethatdetectors magnetidield,
steel,andinstrumentedlanesasan externalmuon-identifierand spectrometefor the forward-going
muons,andasa calorimeterfor any hadronicenegy exiting the centraldetector Moving the detector
furtherupstreanfrom the MINOS detectomwill decreasehe acceptancéor muonsin the MINOS de-
tector If necessarg 90-ton"muonranger”,consistingof 1.2 m of sggmentecandmagnetizedron with
scintillatorplaneswill beaddedo helpidentify andmeasureéhe momenturnof low-enegy muons.For
high-enegy muonsthe MINOS neardetectomwill provide muchbettermomentunresolutionthanthe
muonranger Thesizeof thevariouscomponent®f the detectoris shavn in Tablel.

With a comparatiely simpleandstraightforvard active detectortechnologythe mostcomplicated
partsof MINERvA arethe photosensorandtheir associatedeadoutelectronics.The photosensoand
electronicchoicedor the experimentwerethereforedictatedoy a combinationof cost,requiredR&D,
risk and availability of on-siteexpertise. Ultimately, we choseto pursuea solution basedon multi-
anodephotomultipliertubes(MAPMTSs). Thetubechoseris anincrementaldlesignimprovementfrom
theoneusedin the MINOS neardetectorandwe expectmuchof theexperiencegainedby the MINOS
collaborationwith thesedetectordo be applicable.For the front-enddigitization andtiming, the best
performingsystemwith the leastrequiredR&D is a schemébasedon DO TriP ASIC. TheTriP chipis
aredesigrof thereadoutASIC for the DO fiber tracker andpreshaver originally motivatedby the need

Sub-Detector Mass(metrictons)
Active Tamget 6.1
SideECAL 8.5
USECAL (PbTamget) 3.5
USHCAL (FeTamet) 7.0
OD Framingthe TargetRegions | 126.5
DSECAL 19.8
DSHCAL 26.4
Veto 15.1
MR/Toroid (if required) 90.8
Total 302.1

Tablel: Massby sub-detector



Figurel: View of theproposedMINERvA detector(withouta supportstand),andthe MINOS detector
looking downstream.
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Figure2: Outline of MINERvA detectorwith the optionalmuonranger to illustrateshapeandscale.
Notethelocationsof the PMT readoutboxeson top of the detectorcoils on the bottom.

to run at 132 ns bunch crossingsn the TeVatron. A productionrun of oneversionof TriP hasbeen
completedhowever, sincethe TeVatronrun plansdo notnow call for 132nsoperationthesechipswill
not seetheir original use. Theseexisting chips,howvever, couldberegycledinto usein MINERvA. The
MAPMTs will be mounteddirectly on thefront-endboardsto reduceinput capacitanceThereforethe
front-endboardandPMT needto residein asinglelight-tight box with optical cablesrom the detector
asinput. In our preliminarydesign,eachPMT box will have a single PMT andfront-endelectronics
for its 64 channelsalongwith a Cockcroft-Walton HV generatar To minimize the lengthof the clear
fiber cableswe planto mountthe PMT boxesdirectly onthe upperpartsof the MINERvA detectoron
thetwo highestsidesof the hexagonto avoid conflict with the coils or sideclearanceof the detectoras
shavn in Fig. 2. Thiswill requiremagneticshieldingof the MAPMTSs.

3 The MINER vA R&D Program

The R&D projectfor MINERvA attemptsto useas muchexpertiseand completedR&D effort from

Fermilabexperimentsor genericefforts as possible. For this reasonwe have chosenscintillator bars
andtheir cross-sectionahapeo take advantageof the FermilabScintillator R&D facility experience,
andwe have adaptedMAPMT to capitalizeon the MINOS expertise. We have alsoadoptedthe TriP

chip to take adwantageof the significantDO R&D effort on this front-endchip. Sincethe MINERVA

collaborationwantsto constructthe detectoy install it andbegin taking dataon a shorttimescalewe

will continueto take advantageof existing expertisewhererer possible.We have requested spaceof

10m x 8m in the New Muon Lab to conductour R& D program.By usingthe New Muon Labwe can
take advantageof neededestequipmentusedby 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 testthe TriP chip. It will be connectedo MINOS hardware
to usea 64-channekcintillator arrayto testtracking, electronicslight yield andnoisevia cosmicray
triggers.Thiswill requireclosecollaborationwith the ASIC projectto constructhe board. The details
onopticalconnectorandcableswill be developedaspartof the Slice Test.

For the vertical slice DAQ board,PPDis supplyingthe electricalengineeringo designthe board.
MINERvA collaboratorswill build the detectorandfund the materials. Minor requestdrom FNAL-
PPDarepossiblesuchaspolishingandmirroring of about80 WLS fibers,or somecuttingof scintillator
stockfor the detectoy but we arestill discussinghe details. We expectto ask Fermilabpersonnefor
consultinghelp, but no more: asan example,we will continueto consultwith Fermilabengineerson
our progress.

3.2 ExpectedAccomplishmentsin FY2005and beyond

Our goalis to bein productionwithin FY05. In early FYO5 (maybelate FY04) we will wantto test
somedies(developedby NIU with non-Fermilalfunding)in the Lab 5 extrusionfacility. Theremaybe
othersmalltasksbestdoneby Fermilabengineerge.qg.,first FEA of theframe),but thosesofar areat
thelevel of "sparetime” tasks.

We would thenlike to pursuea test-beanrun with a full-scale cross-sectiorof the MINERvA
Detector FurtherR&D leadingup to thistestandasa consequencef theresultof this testcanwell be
imagined.

4 MINER vA DesignTasksfor Fermilab

Thedetectorelectronicsandreadoutarebeingdesignedy physicistsandengineergrom universities,
andfabricatedprimarily by university technicians.However, it is forseenthat Fermilabwill take over
theresponsibilityfor designingthoseitemswhich areof a safetyconcern.This includesthe standthat
holdsthedetectorin the MINOS neardetectothall, aswell asa shorterversionthatwill beusedduring
assemblyin a spaceprovided by Fermilab—wehave requestedhe New Muon Lab. The installation
procedureand associatedifting fixtures,the low voltagedistribution systemandarything associated
with power supplieswill alsobedesignedy Fermilabengineers.

Marny of thedesigntasksaresimilarto MINOS andasmuchaspossiblewe have tried to basethese
estimateon MINOS costs.The next threesectionggive detailson someof the designtaskswhich are
thensummarizedalongwith lessinvolved designtasks,in Table3.

4.1 Detector Stand Design

We assumea standfor the detectorcomprisingtwo rails approximately20 feetin length. Eachrail is
supportedoy four vertical postsof structuralsteel,with a structuralsteelbookend at the downstream
end. The "keys; which lock the 4-planemoduleassembliesnto the structure,are madeof stainless
steelto preventthe supportdrom becomingmagnetizedA combinationof stainlessaandbrasss alsoa
possibility Therewill be100of thesg2 eachfor 50modulesyandtheirmanufcturewill constituteamost
of the machinists time for thisitem. The sumweightof all of the modulesis estimatedo 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 personneheededo design.constructandtestthe MINERvA strongback.

plusa possibledl tonsfor the muonranger exclusive of cabling,electronicsaandotheraccoutrements.
The preliminarydesigncallsfor the standto support400tons.

4.2 Detector StrongbackDesign

This taskis assumedo be straightforvard, basedon experiencewith the MINOS strongbacks.lt is
possiblethatsomematerialdeft over from MINOS could be usedin thefabricationof the strongback.
One attractve possibility is to assemblehe moduleson the strongback, and the individual pieces
would thereforebe lifted with slingsandplacedon the strongback.In this way an additionalcustom-
built lifting fixture otherthanthe strongbacktself will notbe necessaryTime andpersonnekstimates
aregivenin Table2.

4.3 Front-end Electronics

The front-endelectronicsdecisionwasbasedon researclalreadyperformedin collaborationwith the
ASIC projectgroupwithin Fermilabs Electrical EngineeringDepartment.We consideredhe Viking

chip usedby the MINOS far detectorthe QIE chip usedby the MINOS neardetectorandthe TriP chip
usedby DO. The ASIC projectwasof immensehelpin determiningthatthe TriP chip could be used
by MINERvA andthe TriP chip wasultimately chosen.We will needcontinueddesignhelpfrom the
ASIC Projectto developthe front-endboard,usingthe TriP chip, to be usedin this years R&D effort

and,eventually in the experiment.

4.4 DesignSummary

A list of designtasksandthelengthof time eachwould requireis givenin Table3.

5 Fabrication

Thedetectorbecausef its size,shouldbeassembledn site. A spaceo establisha fabricationfacility
for the detectormodulesis requestedn the New Muon Lab. It is assumedhat Fermilabwould be
responsiblenly for safetyoversightandwelding,rigging, or craneusage.Thebulk of theassemblywill
be doneby university techniciansin contrastfFermilabwill take full responsibilityfor the installation
of thedetector

Becauseof the safetyconcernst is assumedhat Fermilabwill be responsibldor fabricationof
the detectorstandand strongbackaswell asthe cartwhich will transportthe detectormodulesfrom
the bottomof the MINOS shaftto the stand. We assumehe fabricationcostof the strongbackvould
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| Task | Division | Personnel | Time | Cost(K$) |

InstallationProcedure PPD Mech. Eng. 4 months 45
PPD Drafting 2 months 14
DetectorStandfor NearHall PPD | MechEng.and| 5weeks 14
(includingboolkendanddrip protection) draftsperson
StrongbacKor Module Transport PPD Mech. Eng. 2 months 22
Review of Module AssemblyProcedure, PPD Mech. Eng. 1 months 11
Low VoltageSystem(5kW) PPD Elec.Eng. 3 months 33
TriP-chipfront-endBoard PPD Elec.Eng. 12 months 130
Total: 268

Table3: List of designtasksundertaken by FermilabEngineersanddraftspeopleandan estimatefor
thetime requiredfor eachtask. Costsare calculatedassumingb130k/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 personnebndtime requiredfor the design,assemblyandinstallationof the detector
suportstructure. Brokeninto phasesgdesignis $21k, assemblyandinstallationare eachestimatedat
half of theremainderor $52k.

bethatof a MINOS neardetectorstrongbackapproximately$12k. If theexisting MINOS cartcanbe
modifiedfor MINERvA usethenthatwould bedone.

5.1 Detector Support Structure Fabrication

Weintendto build two supportstructurespneshorterstructurefor moduleassemblyandonefor support
in the MINOS nearhall. The moduleassemblyandthe assemblystanditself would be at New Muon
Lab. Theundegroundsupportstructureshouldalsobe assemblefirst onthesurface,atthe New Muon
Lab The purposeof the abore-groundassemblyis to testthe structureitself and de-tug assembly
proceduresilt will bemodifiedasnecessarythendisassembledndmovedundegroundto the MINOS
hall. All critical weldswill be madeon the surface.Undegroundassemblywill consistof rigging and
bolting.

No detailedcostestimatedor time andmaterialsareavailableasof thiswriting. Estimatesgivenin
Table4 for personneandtime areintegratedovertheentirefabricationandinstallationperiod,whichis
assumedo take nineweeksfrom the startof fabricationto completionof theinstallationundeground.
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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
StrongbaclSafetyOversight ES&H Engineer 2 days 1
Module AssemblyPrototyping PPD SafetyOversight | .1FTE x6months 13
Welder .2FTEx6mos 15
CraneOperator | .2FTEx6 months 8
Module Assembly PPD | sameasprototype 12 months 72
InternalAlignment PPD Suney crew 1 week 3.5
| Total: 190

Table5: List of fabricationtasksundertakn or aidedby Fermilabtechniciansor sureyors, andan
estimateor thetime requiredfor eachtask.

5.2 Fabrication Impact Summary

First of all, the spacefor fabricationof the modulesat New Muon Lab is requestedThe remainderof
theimpacton Fermilabduringthefabricationphasds summarizedn Table5.

6 Installation

6.1 Quiet Power Requirementsand Installation

Thecurrentdesignof the detectorcallsfor acomplementf electronicsandDAQ componentshatwill
not quitefill oneelectronicgack:

e A totalof 10 VME readoutmodulesf{illing half of oneVME crate
e Oneor two PVIC/VME interfacemodules(onepercrate)

e A to bespecifiednumberof additionalmodulesfor timestampandtriggerlogic. Approximately
onecrateworth.

e A slow-control systenmthatis Ethernet-basedith 600 Ethernetchannelsnvolving a two-tiered
LAN.

o A DAQ computer

Thesumpower drawv of thesetemsis estimatedo be 3kwW

Also in therackis the low-voltage power supplyto the 595 front-endboardsmountedin theindi-
vidual PMT boxesthatincludea Cockcroft-Walton for the PMT. The power requiredper PMT box will
be order7 wattsrequiringa power supplywith atotal outputof 5 kW. Total Quiet power requiredfor
read-outelectronicsDAQ computerfront-endelectronicsandthe PMTsis 8kW.

To accomodate¢his, andary othercurrentlyunforeseemuietpover needsMINERvA proposedo
adda 75kVA transformeto the MINOS hall, in additionto thetwo 75kVA andone45kVA transformers
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alreadyservingMINOS. Like the threeexisting transformersthe MINERvA onewould be fed from
themain 750k\VA quietpower transformerat 480V, Unusedtapswith suficient currentcapacityexist
onthisline. The estimatectostfor the 75kVA transformerandits panelboardsis approximately$8k.
An additional$24kwould berequiredin electricianlaborto install thetransformerconduits andpanel
boardsput thisamountcouldbe substantialljessdependingn the preciseocationof thecomponents
within the MINOS hall.

6.2 Magnet Power Supply

MINERvA will use48turnsat 500 amps(24 kA-turns) to power the magneticcomponenbf the de-
tector A 240kW PEI power supplywill likely be usedfor the MINERvA magnetandwould needto
supply500A at anestimateds0V. UnusedPEI 240 suppliesexist at Fermilab,but may needrefurbish-
ing of controlsandtransformerat a costof up to $22k. We areawarethatthe MINOS coil eventually
requiredthat the original designfor 48 coils be modifiedby combinga setof six coils into a barand
powering the magnetasan 8-turncoil at 5000amps.Werewe to adoptthis procedureve would need
to run an8-coil geometryat 3000amps.

The MINOS magnetwill drav anestimatedB0OkW on a power supplyfed by a 400A/480V trans-
former Accountingfor efficienciesof thesuppliesthe MINOS andMINERvA magnetpower supplies
combinedare expectedto drav lessthan200 kVA (236A) from the 400A/480V transformer In this
case MINERvA will only needto adda seperatelisconnecfor the nev power supply The expected
costis approximatelys5k of electricianlaborand$0.5kfor thedisconnect.

6.3 Module Installation Schedule

Thetimeneededo installthedetectomodulesvasbasednthe MINOS intallationplan. For thepartof
the MINOS detectorthathasscintillator planeshetweerevery planeof steel,onecrew of 4 technicians
(plus a task manager)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 possibledamageo the unit. For the“spectrometerpartof the MINOS
detectornamelyoneplaneof steelinstrumentedvith scintillatorfollowed by 4 planesof “blank” steel,
thecrew will make onetrip aday wherethey expectto transportjower down theshaft,andinstall all 5
planesin oneday, endingon aninstumenteglanewhich thengetscommissionedby physicists.

MINERvA alsohastwo kinds of detectorregions: for the muonranger shouldit berequired,the
segmentationis similar, wheretherewill be 3 planesof scintillator with two steelsectionsmadeup
of nine 2”-thick planessandwichedetweenthe scintillator Similarly the hadroncalorimeterregion
will have instrumenteglanesseparate@gainby 2” steelplates.Theseregionswill beinstalledwith 1
instrumentedglanetrip plusblank steelperday, while theotherregionswill beinstalledwith two trips
perday Table6 givesalist of the numberof modulestheirweights,andhov mary daysit is expected
to install themusingthis schedule.

6.4 Computing Support

Thisis difficult to quantify without a moreexactknowledgeof MINER~AS computingandelectronics
needs.We do know thatthe total acquireddatasizeis only 10° bits per spill, so evenwith 107 spills
peryear thisis < 1T BlyearWe canalsomake somequalitatve estimate®f requiredsupportfrom the
ComputingDivision,asshavn in Table7.



Number Mass/Module| Timeto Install
DetectorRegion (modules) (tons) (days)
InnerDetector 30 3.6 15
UpstreamECAL 6 3.8 3
NuclearTamets 4 3.9 2
DownstreamECAL 5 4 3
DownstreamHCAL 5 5.3 5
Muon Ranger 3 +18planes 3.6 3

\ Total: 33 |

Table6: Tableof detectormodulestheir weights,andthe estimatedimesto install them,assuminga
schedulesimilarto the MINOS installationschedule.

Personnel Timerequired| Task

Liaison 1 week PrepareOU

SystemManager| 1 week Manageoffline computingresources

Programmer 3 weeks Supportfor CRL (if adopted)

2 Technicians 2 weeks Install additionalethernetines
in Lab E andMINOS hall

PREPStaf MINERrAS PREPneedsarenotyet fully understood
But onerackwill beneeded

Table7: Personneltime required,andtasksthatthe MINERvA experimentwill likely needfrom the
computingdivision. The MINERvA collaborationhasnot yet madea decisionon whetherto usea
ControlRoomLogbook(CRL), but the provision for it is madehere.
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6.5 ES&H Oversight of Radioactive Sources

TheMINERvA collaboratiorhasnotyetmadeadecisiononwhetherto useradioactve sourcesbut the
provision for themis madein this impactstatementTwo usesof radioactve sourcesnay be foreseen
for the MINERvVA experiment. Thefirst is pre-installationcalibrationand mappingof the scintillator
strips, usinga mappersetupsimilar to that usedfor MINOS. The secondis in situ calibrationof the
stripswith sourcesmountedin the detector Both applicationswould requiresupportfrom the ES&H
Section$ RadiationPhysicsGroup. The sourcesvould have to be broughtinto the Fermilabinventory
and transportedby a sourcetechnician. Installationof sourcesin a mapperor detectorwould also
needsourcetech oversight. Somemembersof the collaborationmay also require Rad Worker and
Radioactve Sourcetraining. In total, we estimatetheseissueswill requirethe efforts of anengineering
physicistfor 1 week,1 technicianfor 3 weeks,andonetrainerfor 1 week.

6.6 ES&H Training for Underground Access

Any collaboratorasvho work on or accesshedetectorin the neardetectorhall will have to have under
groundsafetytraining. Somemay alreadyhave hadsuchtraining for work on NuMI/MINOS, but we
assumehatmostwill not. Thisis expectedo take thetime of 1 Traineronefull time weekequvalent.

6.7 PossibleModification to MINOS Rack Platform

The proposedocation of the MINERvA detectorand standwould impinge on a "keep-clear’egress
spaceon thewestsideof the hall. Thelocationof the egressspacds currentlydeterminedy the stairs
to the MINOS rack platform. It is possiblethatthis spacecompetitioncanbe resohed by displacing
thedetectorslightly to the eastwith negligble impacton thelow enegy beamconfiguration However,
it may be preferableto extendthe MINOS readoutrack platform, and move the stairsto a location
upstreanof the MINERvA detector An estimatefor the purchasendinstallationof the new platform
section,andthe displacemenbf the stairs,is $10k: $1.2kfor 3 persondaysof work, and$9k for the
frameandthegrating.

6.8 MINER vA Cooling Requirements

The heatgeneratedy the MINERvA experimentinto the MINOS hall hasto be removed. This has
beenseenat the MINOS far detectorat Soudan.At Soudanall the heatwentinto the air andinto the
cavernrockinitially. However, oncetherock warmedup, therateof heatgoinginto therock decreased
andthey have foundit necessaryo increasehe air flow thru the cavernto keepthe temperaturédrom
risingabore 70 F.

The sameeffect is expectedto occurat MINOS NearDetectorhall. Initially heatwill be added
to the rock intentionally to raisethe cavern temperaturen an attemptto lower the relatve humidity
For MINOS Near the cooling systemhasbeendesignedio put all of the anticipatedheatfrom the
experimentinto the sumppumpwaterwhich is being pumpedto the surface. This shouldresultin a
sumpdischage watertemperatureof somethingn excessof 70 F, anincreaseof somel7 F over the
initial temperaturef the coolingwater

Theheatgeneratedby MINERvA experimentwill comefrom severalsources.

e The magnetcoil heatlossis directly calculatedto be order 30 kW. This may vary depending
on the B-H characteristicef the steeleventuallyusedfor the MINERvA magnet. The MINOS

11



| HeatSource | HeatLoad |

magnetoll 30kw
magnetpower supply | 10kwW
electronicgack 2kw
600PMT boxes 4 kW

| TOTAL | 46kwW |

Table8: MINERvA heatsourcesandthe heatload expectedfrom eachsource

neardetectorcoil runningat 40 kA-turns, with coils over twice aslong asthe MINERvA cails,
is expectedto generatet8 kW of heat.

e Themagnepower supply- a PEI240- hasa maximumheatlossto waterof 10 kKW.

e The 8 kW draw of the electronicsrack runningat 80% efficiency yields a heatlossof 1.6 kW.
This 2 kW of heatcaneitherbe carriedaway via watercooling, asin MINOS, or canbe vented
into theair andcarriedaway by thecoils. It is asmallperturbatiorto eitherload.

e Eachof the approximately600 PMT boxes mountedon the detectorwill containthe front-end
TriP chip electronicsanda Cockcroft-Waltonto power the PMT. The sumwattageto powver each
PMT box is thenapproximately7 W. For the heatingestimatewe assumeahatthe entire7 W is
releasedsheatsuggestinghat4 kW of heatis releasednto the air from this source.

Table8 summarizeshe expectedheatload from the MINERvA installation.

The MINOS heatloadis estimatedo be 120 kW. Therearetapsfor additionalHVAC units sized
to remove anadditional36 kW from theair in neardetectorhall. However, the currentsystem(without
usingtheseadditionaltaps)hasnt yet beenshawvn to be sufiicient with MINOS loads. The additional
heatto the watercooling systemfrom MINERvA is an order 40% addedload, the major part being
the MINERvA magnet. Sincemagnetsare regularly cooledwith 95 F water the increasein water
temperaturshouldbe manageablaithout the needfor additionalchillers.

6.9 Installation Summary

Table9 givesasummaryof all theinstallationtasksthatwill betheresponsibilityof Fermilab

7 Summary

TheMINERvA experiments in thevery fortunatepositionof beingableto pursueanexcellentphysics
program,of significantimportanceto the long-rangeneutrinophysicsobjectves of Fermilabandthe
internationalheutrinophysicscommunity without excessie impacton Fermilab Thetotal costof the
impactis estimatechereto be $832k.

MINERvA doesnotneedary civil-construction MINERvA doesnotneedanev beam MINERvA
doesnot even needspecialrun-conditionsfor the beamit will be usingsinceit will run parasitically
with the MINOS experiment. The MINERvA experimentis designedo be installedin a small part
of the large emptyspaceupstreanof the MINOS neardetectorwithin thefully outfitted,for MINOS,
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| Task | Division | Personnel | Time | Cost(K$) |
Bookend PPD 2+1Riggers 2 days 4
TransporiCart PPD 2+1Riggers 1day 2
DetectorStand PPD 2+1Riggers 3 weeks 69
Module Installation PPD 4-techniciarcrew | 7 weeks 85
andTaskManager
ElectronicsRack PPD 1rigger 0.5day 0.7
PMT boxes PPD 1rigger 0.5day 0.7
in the shaft
PMT boxeson detector experimenters -
MagnetCoil andCooling PPD 4 techcrew 6 weeks 70
RefurbishMagnetPower Supply PPD techs riggers 1 week 22
Install MagnetPaver Supply PPD 2 techcrew, riggers| 1 week 12
QuietPower PanelBoards PPD techsand
Install electricians 24
Provide M& S 8
AcceleratorGateLogic andGPSSynch AD -
PossibleMINOS readoutplatformmod. PPD 4 Techs 3days 1.2
FrameandGratingfor platformmod. PPD 8.7
Alignment PPD Suney Crew (3) | 2weeks 7
GeneralSafetyreview PPD 6 SafetyOfficers
andlInspection (Engineers) 1 week 60
\ Total: 374.3]

Table9: List of installationtasksundertakn or aidedby Fermilabtechniciansor surweyors, andan

estimatefor thetime requiredfor eachtask.
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neardetectorhall. Every attemptis being madeby the MINERvA experimentto capitalizeon the
experiencegainedin designing,fabricatingandinstalling the MINOS neardetectorto minimize the
impacton the Lab and permit rapid mounting of the experiment. This is alsoto the benefitof the
MINERvrA experimentsinceour goalis to starttaking datain FY2006,allowing usto obtainphysics
resultsin time to be of usealsoto the MINOS dataanalysis.
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