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Abstract

The LHCb muonsystemwill useMulti-Wire ProportionalChamberdMWPC) in all
regionswith aparticleflux betweeril kHz/cn? and100kHz/cn?. After anoverview of the
chamberequirementandspecificationsthe designandconstructiorproceduresncluding
the quality control of the detectorsystemaredescribed.The electricallayoutis discussed
andfinally the costbreakdavn andthe constructiorschedulds presented.



1 Chamber Layout and Requirements

The LHCb muonsystemwill useMulti-Wire ProportionalChambergMWPC) for thefour re-
gionsof stationsM2 andM3, for regionsR3 andR4 of stationM1 andfor regionsR1 andR2
of stations4M andM5. As the detectorlayoutis fully projectve, the chambersandreadout
padsvary in sizefor the differentregions(seeg[1] for moredetails).An overview of the cham-
berinstrumentatioris givenin Table1. The full systemcoveredby MWPCsconsistsof 864

chambersaindabout80k FE-channels.

Tablel Summarytableof the MWPC detector

| | Station1 | Station2 | Station3 | Station4 | Station5 | Sum |
Chambersin Regionl
Numberof Chambers 12 12 12 12 48
Sensitve area( cm?) 30x25 32.4x27 | 34.8x29 | 37.1x30.9
Anodechannels 96 96 2304
Av. wire padsize( mm?) 6.3x250 | 6.7x270
Numberof wires 800 864 928 992 4.4x10*
Cathodechannels 128 128 192 192 7680
Cathodepadsize( mm?) 37.5x31.3| 40.5x33.7| 29x36 31x39
Chambersin Region2
Numberof Chambers 24 24 24 24 96
sensitve area( cm?) 60x 25 64.8<27 | 69.5x29 | 74.3x30.9
Anodechannels 96 96 4608
Av.wire padsize( mm?) 12.5x250 | 13.5x270
Numberof wires 1600 1728 1856 1984 1.7x10°
Cathodechannels 128 64 96 96 9216
Cathodepadsize( mm?) 75.0x31.3| 162x33.7 | 58x72 62x77
Chambersin Region3
Numberof Chambers 48 48 48 144
Sensitve area( cm?) 96x20 | 120x25 | 129.6x27
Numberof wires 2560 3200 3456 4.4x10°
Cathodechannels 192 192 192 27648
Cathodepadsize( mm?) | 20x100 | 25x125 27x135
Chambersin Region4
Numberof Chambers 192 192 192 576
sensitve area( cm?) 96x 20 120x25 | 129.6x27
Anodechannels 48 48 48 27648
Wire padsize( mm?) 40x200 | 50x250 | 54x270
Numberof wires 2560 3200 3456 1.8x 106

Dependingon theregion, the chamberarereadoutdifferently: in region R4 of stationsM1
— M3 the chambersave anodewire readout(throughdecouplingcapacitors)in region R3 of
stationsM1 — M3 andregionsR1 andR2 of stationsM4 andM5 cathodepadsarereadout;in
regions1 and2 of stationsM2 andM3 a combinedreadoutf wire andcathodepadsis usedas
aconsequencef therequiredgranularity




The generaldesignandthe constructioris the samefor all chambersThey have 4 separate
gasgaps,eachwith ananodewire planeand- in regionsR1to R3 — a planeof cathodepads.
Thevaluesfor thebasicchambelparameteraregivenin Table2.

Table2 Main MWPC parameters
Parameter \ Designvalue

Cathode-Cathoddistance| 5 mm
Anode-Cathodélistance | 2.5mm
Wire spacing 1.5mm
Wire Diameter 30 um

Wire potential 3150V
Wire surfacefield 260kV/cm
Cathodesurfacefield 8kV/cm
Gasmixture Ar/CO,/CF, (40%50% 10%)
Primaryionization ~ 100 e-/cm
GasGain ~ 10°
chage/Smm track ~ 0.8 pC
electrondrift-velocity ~ 90 pm/ns
ion collectiontime ~ 20 us

The maintolerancedor the chamberconstructionare summarisedn Table3. They have
beendeterminedvith GARFIELD, assuminghata the maximaltolerablevariationin gasgain
is +20%. For thesesimulationsonly individual parameterdiave beenvariedwhile the other
parametertave the designvalue(seg[2] for moredetails).

Table3 Main geometricatolerancesor the MWPCs. Thefirst columngivesthe maximalacceptable
deviationsfor single parameterspbtainedfrom GARFIELD simulations;the secondgivesthe second
therequiredgeometricatoleranceof the chambers.

| Parameter Max.Deviation | Tolerance|
PanelThickness + 200 um
Panelflatness +75pm | £50pum
Gasgap +80um | £70um
Wire planevertical offset + 300um | £ 100um
Singlewire vertical offset + 250 pm | + 100 zm
Wire pitch +80um | +40um

2 Chamber Components

Themaincomponent$or the MWPCsof the muonsystemarethefollowing:

e Structuralpanelsmadeof honegszcomb,chempircoreor polyurethandoamwith FR4cath-
odelaminateqtotal thicknessl 0.2 4 0.2 mm);



e Wire fixation bars(WFB), with traceson it, whereanodewires are solderedand glued
(2.40+0.08mm thickness);

e Gold-platectungsterwiresof 30 um and100m diameterfor the senseviresandguard
wiresrespectrely;

e FR4or aluminumframesof 5.0 + 0.08mm ontheshortsideof thechambeil(SB), where
thegasinletsarelocated;

e Barsof 2.40+0.08 mm thicknesson top of the WFBsto closethe gasgapoverthelong
sideof thechambel(CB);

e Spaceroverthelong (andpossiblyalsotheshort)sideof thechambeto ensuregrecision
of thegasgapof 5.00+ 0.08 mm.

2.1 Panels

The panelsarethe basisof the chambemechanicaktructure.Therequiremenbn the flatness
of + 50 umis of critical importanceor gasgainuniformity andconsequentlyor the width of
theoperationaplateau.

A panelconsistsof two copperclad FR4 (fire-resistanfiiberglassepoxy) laminatesinter-
leaved with a core. For the corevariousmaterialsare underinvestigation.Besideshe panels
basedon hong/comb and polyurethanegoam, which are discussedn more detail in the fol-
lowing, other materialslike Chempircore have beenstudiedaswell [4]. The choicefor the
corematerialis still to be made. The hongszcomb solutionhasalreadybeentestedwith good
results. Therefore FR4-laminate®f 1.6mm thicknesswith ~ 30um copperinterleaved with
7mm hong/combarethebaselingpanelfor thechamberconstructionseeFigurel). However,
the panelsbasedn polyurethandoamarecheapeandfasterto build.

2.1.1 HoneycombPanels

Figurel A pictureof the PCB-hongcomb-PCBsandwichis shavn.



Figure2 A panelbeinggluedundervacuumpressure.

Theflatnessof the FR4laminategor whereapplicable printedcircuit boards)andthe hon-
eycombsheetasto becontrolledbeforegluingthe panel.Only thecomponentsvith aflatness
within £50um areacceptedThechoserPCBsaregluedto thehong/combsheetwith Araldite
2011. They shouldthenbe left for about12 hoursheldto a flat surfaceby vacuum,ascanbe
seenin Figure2. The flatnessof the final panelsmustthenbe measuredgain. In the panel
borderregionswherescreavs closethe chamberthe pressurgut onthehone/combsandwiches
is ratherlarge. Becausef thatandalsoto make the solderingof the front-endconnectoreas-
ier, the hongszcombsheetshouldbe cut smallerthanthe PCBs. After gluing andsolderingthe
connectorsthespacdeft betweerthe PCBsis filled with Adekit 170epoxyglue (seeFigure3).
In the four cornersof the panelsanadditionalplasticspacercould be addedto ensureaneven
betterstiffness.

It hasbeendemonstratedn several prototypesthat hongszcomb panelswith the required
specificationcan be produced. However, suchpanelsare ratherexpensve andtheir produc-
tion is time consuming. Thereforeother solutions,as discussedn the following, are under
investigation.

2.1.2 PolyurethaneFoam Panels

The panelsare composedf two sheetsof FR4 filled with a rigid polyurethangoam'. The
polyurethandoamis theresultof achemicalreactionbetweertwo componentsthepolyol and
theisocyanate. The liquid polyurethanecomponentsareinjectedin a mould betweernthe two
FR4sheetswith alow pressuranachine(gravity injection). The constructiorproceduras the

!ESADUR120,Tagosstl, Varese(ltaly), www.tagos. it



Figure3 A PCB-hongcomb-PCBsandwichwith reinforcedbordersis shavn.
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Figure4 Thejig spaceiinsertednto the polyurethanganel.

following:
1. Themouldis openedandthefirst FR4 sheetis insertedn the mould’s cavity;
2. Jig spacergseeFigure4 and5) areinsertednsideholesin the FR4 sheet;

3. Thesecond-R4sheets insertedn themould: the correctpositioningis givenby thejig
spacers;

4. Themouldis closedandthefoamis injectedthroughthe castinghole.

The advantagesof usingjig spacersare the correctpositioningof FR4 sheetsinside the
mould andthe provision of referencepointsfor the assemblyof the variouselementsof the
chamber

To makethefoaminjectioneasierthetemperaturés setto 35-38°C. Thesteelmouldis built
up of two planeghatform a 15° anglewith the horizontalplaneandit sustainghe pressuralue
to the expansionof thefoam (5 kg/cn?). The planarityof the panelis ensuredy the precision
of themouldsurface(0.01mm). The polymerizationtime of thefoamis 12-18minutesandthe
densityis 400-600kg/m?. The possibility of usinga lower densityfoamis undertest. A panel
20x20x 1 cm?® with arigid polyurethandoam (ESADUR120)hasbeenproducedusinga non
precisemould,shaving avery highmechanicatigidity. A precisionmouldis underpreparation
(30x 30 c?) to testtherequestegblanarityandto verify the constructiorsequenceTestswith
lesspreciseFR4 laminatesof 0.8mm areplannedaswell. A modulardie to provide different
panelsfor variouschamberdimensionss understudy
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Figure5 Detail of jig andgapspacersnsertedn the polyurethanganel.
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Figure6 Thecathoddayoutin region 3

2.2 CathodePlanes

DetailedSPICEsimulationshave beencarriedoutin orderto minimisethe capacitancandthe
cross-talkinducedby the readouttracesrunningunderthe cathodepads(see [3] for details).
This studiesshavedthat,in orderto minimisethe cathodecapacitanceit is preferableto have
two panelswith cathodegadson both sides,insteadof having four panelswith cathodepads
on only oneside. Moreover, sucha configurationprovidesbettershieldingto the cathodesas
they arealwayssurroundedy detectorground.

In all regionsthecrosstalk canbekeptbelow the5% level, whichis well within therequire-
mentsfor themuonsystem.

In region R3 the cathodepadscanbeaccesseffom thetop andthe bottomof thechambers
(seeFigure6). This avoidsthe useof cathode-PCBn this region, which is difficult to realize
with the requireddimensions. First investigationsof usinga milling machineto realizethe



cathodestructurearepromising,but afull testhasstill to becarriedout. Guardtracesof 0.5mm
width betweenthe cathodepadsare foreseento minimize the crosstalk. The width of the
insulatingsurfacebetweerthe padsandthe guardtraceshouldnot exceed0.4mm to avoid the
problemof chageup athighrates.

In regionsR1 andR2 the cathodeshave a chess-boardtructure,asindicatedin Figure7.
Only afractionof the cathodepadsignalsof region R1 andR2 canbeaccesseftom theborder
of thechamberMost of the padshave to bereadby tracesunningon the bottomof the cathode
boardto theedgeof thechamberA doublesidedPCBwill beusedto implementthis structure.
Therespecialcarehasto be takento minimize the capacitancéetweenhe readoutracesand
the pads.Thereadoutiracesof 0.25mm width areseparatedby 0.25mm groundedraceswith
agapof 0.25mm. The padsareconnectedhroughmetallizedholesto thereadoutraces.
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Figure7 Cathode-andwire-padstructureandreadout.

2.3 Wirefixation bars and gap bars

On the long sidesof the panels,wire fixation barsare glued. The barshave a thicknessof
2.4mm, so slightly lessthan the anode-cathodélistance. They will be madeaccordingto
standardprinted circuit boardtechnology A patternof fingertip padsis etchedon the bars
which will be usedfor solderingthewires. They areinterconnectedn groups,asindicatedin
Figure8.



Wire

Guard wire

A

P4

Gluing

Soldering

Loading
resistors

HV bus
|V bus

Figure8 Blow up of acornerof thewire fixation bat

The groupingof wires is determinedin the caseof anodewire readoutby the required
granularityin the z-coordinate.Iln orderto minimize the crosstalk in the caseof cathodepad
readoutwiresaregroupedogetheraccordingo the z-dimensionof the pads.

The wire fixation barsandthe otherframeswill be correctlypositionedon the panelsby a
setof calibratedcylindrical space5 mmthick) insertedn them. This guaranteethe exactgap
all alongthe perimeterof the chamber In this casethe WFBs andthe otherframescan have
standardolerancesaandneedonly the drilling of holesfor the cylindrical spacersand,in case
of the sidebars,for the gasinlets/outlets. This solution,in additionto be lessexpensve, has
alsotheadvantageto allow for anoncritical gluing of all chambeelements.

2.4 Wire

Thetotal numberof wiresin thechambersinderconsideratiosumsupto about2.5 x 109, with
atotal wire lengthof about1200km. Therefore mucheffort hasbeenexpendedo developan
efficientandreliableschemeof winding andattachingwires,asdiscussedn section3.

Gold-platedungsterwire of 30 um diametetasbeenchoserfor thewiresof thechambers.
Measurementshow a linear dependencef the elongationon the weight appliedup to 140gq,
ascanbe seenin Figure9. At the baselinewire spacingof 1.5mm andwith nominalHV of
3.15kV, thewiresbecomeelectro-staticallyunstablaf theretensionis belonv 30g. Thechosen
baselinewire tensionandits spreadis (60 + 10)g. This shouldavoid the beforementioned
problems.

A guardwire of 100 zm diameterwill be usedaslastwire to avoid very high fieldson the
wiresatthechambetborder Testshave shovn thata singleguardwire is sufficient.

3 Chamber Construction

Therearetwo possiblewaysto build thechambersvith theabove parametersOneis producing
anodepanelswired on both sides,the other making panelswith wires on onesideonly. The
two optionscanbe seenin the draving of Figure 10. Both methodshave their merits. The
mainadwantage®f monogapsis thefactthatthe panelscanbe handledmoreeasilyduringthe
detectorconstruction.Moreover, in caseof incurableproblemsduringthe glueingor soldering
processpnewould looseonly onegap.Doublegapwiring, ontheotherhand,is betteradapted
to thecathodadesignwhichis basedn two doublegapsinsteadof four singlegaps,aspointed
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Figure9 Wire elongationasa functionof theweight

outin section2.2. In addition,all prototypeshave beenbuild sofarwith adoublegapstructure.
Therefore,this designis backed up by experienceand positive resultsfrom tests. The final
choiceof the constructiormethodhasstill to bemade.

Wire fixation bar.

Panels with single
sided wire planes

Wire planes on both
sides of the panels

Figure 10 Thechambereadyto beassembledvith singlesided(left) or doublesidedwired panels.

Priorto thewiring a panelis assembledh thefollowing way:
e theSidebars(SB) areinsertedn thejigs andgluedto thepanels;

e theWFBsarelocatedusingthejigs (thesearein particularneededf theWFBsaremade
of severalpiecesdueto the chambetength)andgluedto the panels;

¢ the Closing Bars of 2.4+0.5 mm thickness(CB) on top of the WFBs are gluedto the
panels.

3.1 Wiring Double SidedPanels

The wiring of the chamberis donewinding directly aroundthe hongszcomb panels. In this
way symmetricallyloadedpanelswith wire planeson both sidesare produced. The panelis

9
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Figurell Schematidrawving of theframecrosssection.

fixedto arigid frame wherethe positioningcombsare mounted. A schematiadrawing of a
crosssectionof this frameis shovn in Figurel11. To achiere therequiredprecision the wiring
methodseparatethe two key parametersthe wire spacingis determinedoy the combswhile
theanodeto cathoddlistanceby theadjustmenbars.

e Threadedcomb: Thethreadedcombhasa diameterof 15 mm andwasmachinedn a
precisewayto have athreadpathdistanceof 1.5mm, which determineshewire spacing.
The groove depthis of about0.25mm. In this way the inner diameterof the combsis
smallerthanthedistancebetweerthetwo wire planes.

e Adjustment bars: Thewire heightwith respecto the cathodeplaneis adjustedy preci-
sionbarsmountedo theframe.On oneside,thebarsarefixed,andonthe othet they can
be adjusteddependingon the panelthicknesgo achieve a wire to cathodeplanedistance
of 2.5mm.

Oncea frameis wired, it canbe taken away from the winding machineto have the wires
gluedandsoldered.This parallelproductionprocedureseparatethe threemostimportantand
time consumingstepsof the chamberconstruction.

Thewiring procedurevastestedfor a detectorpanel. In Figure12 a picture of the frame
is shavn where one can seethe combsmountedto the long sidesof it. As a first step,the
precisionof the combswere testedby wiring it alonewithout the paneland measuringthe
distancebetweerthewires. At this point, 200wiresweremeasuredindera microscopewhich
providesaresolutionof 10 microns.The averagepitch measureadvas1.5 mm with anRMS of
10 microns. The next stepwasto testthe effect of friction on the wire spacingprecision. For
this purposethe panelwasmountedon the frameanda metalbarwasfixedto thewire fixation
barin orderto simulatethe adjustmenbarthatregulatesthewire height. In Figure13 onecan
seethedetectompanelmountedo theframebeingwired on thewinding machine After wiring,
thewire pitch wasmeasurecgain. This time 200wires of eachsideweremeasuredjiving an
averagepitch of 1.5 mm with an RMS of 14 microns. This comparisorshows that the wire
friction ontheadjustmenbarsdoesnt degradethewire spacingprecision,ascanbeseernin the
plotsof figure14. TheobtainedRMS in bothcasess well within the specification®f +40um.

Theconclusion®f thesedetailedtestsis thatthe symmetricwiring methodworksverywell
for chambersmallerthan700mmin length.For regionsR1 andR2 of all muonstationghisis
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Figure12 Wiring framewith thecombsmountedonit.

Figure13 Wiring of apanelmountedo thealuminumframe.
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Figure 14 Distributions of the distancebetweenthe wires measureawith the frame alone(left) and
with the panelmountedto it (right).

areliableandsimplesolutionto ensureatrouble-fregproductionof thesechambersFor bigger
chambersthe panelsandtheframewith the combsmight sagdifferentlyduringthewiring. To
avoid this problemthe panelshouldbe fixed to the framealongits long side every 500 mm
sothatthey have acommonsag. In this way the anodeto cathodedistancecanstill be made
precise. Anotherway to avoid the saggings to wire the panelsvertically.

3.2 Wiring Single SidedPanels

The productionof panelswith wireson a singlesidecouldberealizedusingthe samewinding
machineput with adifferentframe. A sketchof apossibléramecanbeseenn Figurel5where
two singlesidedpanelsareadjustedo the combsandwired in onego. Basedon a calculation,
no deflectionof the panelsis expecteddueto asymmetridoad of 100g/wire. Figure 16 shavs
thedeflectionasfunctionof the FR4thicknessandof the distancebetweerthe FR4foils. Tests
doneon both deflectionand torsion of a panelwired in this way confirmedthis result. The
wiring guidelinesarethe sameasmentionedn the previous section. For smallchambersthe
systemis rigid. However, for the longerones,a differentsagof the panelswith respecto the
combsis presenanda methodof fixing themtogetherover thelong sideis needed.

Studiesarealsoongoingto increasehe numberof singlegapsto bewiredin oneprocesgo
eightplanesasshown in Figurel7. However, in this casethe machinegetsmorecomplicated.
The possibility of gluing andsolderingon the samemachineis underevaluation,althoughthe
possibility of having a productionline with parallelproceduress lost.
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Figure16 Maximaldeflectionof a panelwith asymmetridoad.

3.3 Glueing

Thewiresaregluedto the wire fixation barsbeforesoldering. This procedureguaranteeghat
thewiresarekeptin placewith afixedheightwith respecto thecathodeplane.Thegluingalso
keepgshewire tensionto its nominalvalue. Theglueto be usedis Adekit A145 which takes24
hoursto fully polymerizeatroomtemparture.

3.4 Soldering

Oneof the cleanestolderingmethodss the useof alaserbeam.Dueto the large numberof
solderinginvolvedin the constructiorof LHCbh MWPCs(~ 5 x10°), the useof anautomated
andreliablemethodis mandatory

A testsystemwassetupto studytherealizationof anautomaticsolderingstation.Thelight
sourceusedwasadiodepumpedaser?.

The setupconsistf a steppingmotor, of anendlessscrev anda slit on which the headof

2Model Violino from Lasenall s.p.a. seewww.lasenall.comfor furtherdetails.
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Figure17 Conceptof amachineto wire eightsinglepanelsn oneprocess.

thelaseris mountedtogetherwith a solderdispensesystem(seeFigure18). The solderwire
usedwasa specialalloy providedby Almit (KR-19 SH-RMA, 18(°C working point) with low
flux content.The globaltime for the completesolderingof onewire andthe positioningof the
headto the next traceis about2s.

The laserpower wasusedat 60% of its maximal power (60 W). The study of the optimi-
sationof this parameters still ongoing,aswell asthe determinatiorof the optimalamountof
solderwire to be provided.

Theresultof solderingis very clean(no flux around,asshown in Figure19) andthe con-
trol of local heatis very good. The wire suffers lessheatstresswith respectto corventional
techniques.

To becoméfully operationalthe systemhasstill to beuupgradedn thefollowing parts:

e Installationof adiodelight guideto provide areferencepoint (thelaserlight is invisible);
e Bettermechanicapositioningof the wire fixation bar;
¢ Modificationsto the solderwire dispenseto have a moreprecisecontrolof its amount;

e Optical control of the headpositioning. The possibility of usinga camerato checkthe
quality of the solderingis understudy

Using a conserative value of 3sfor the solderingof onewire andassuminghatthe final
setupwill be equippedwith 2 laserheadswe canevaluatethetime neededor the solderingof
the MWPCs. Consideringonly the largestchamberonehasfor instance:

Muon stationl, RegionR4 491K wires(192chambers) 410hours
Muon station2, RegionR4 615K wires(192chambers) 513hours
Muon station3, RegionR4 664K wires(192chambers) 553hours
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Figure 18 Thelasersolderingandthe solderdispenser

Figure19 30um wiressolderedonthetraces.

15



;/- LATERAL SPACER
1

! | LATERAL FRAME

CARD
FRONTAL SPACER

Figure20 A sketchof thechamberssembly

For thewhole detectorthe total time for wire solderingwould be 2100hours. This number
doesnot includethe time spentfor the layer settingup andfor the neededchecks. This time
shouldbe strictly proportionalto the numberof chambers A singletrainedtechnicianshould
beableto controlsthis phaseof thechambeiproduction.

3.5 Final Assembly

To proceedwith the final assemblyof the chamberfive panelsshouldbe ready: two double
sidedwired panelsandthreegroundpanels(or four single sidedwired panelsandoneground
panel). All the panelsarealreadyequippedwith sidebars,wire fixation barsandgapbars.In
the sidebarsthe gasinlets/outletdor eachgaparemounted.The cylindrical precisionspacers
areinsertedhow in theforeseerholesaroundthechambelandthe panelsareassembledhaking
useof thejigs atthefour corners.For thefinal closingof the chamberghefive panelsarekept
togetherwith screvs. The leak tightnessis obtainedby gluing the five panelstogetherwith
epoxyglue.

4 Electrical Layout

Severalconstraintsleterminghelocationof the readoutelectronics:

Minimisation of deadspaceatthechambeiborder;

Densityof channelsn innerregions;

Spaceproblemsdueto the proximity to thebeampipein region R1;

Connectvity requestslueto logic ORson FE-electronicsards.

16



Table4 Spaceaequirement$or thechambersborderregions.

[ Details |
Wire fixation bars(top andbottom) | ~ 30 mm
Gapbars(side) ~ 20mm
Gasconnectiorside ~ 30mm
HV part(HV bus,R, C) ~ 35mm
Cathodeaeadout(bottom/side) ~ 20mm
SPboard,FEhoard,Connector ~ 20mm
Sums
Top with anode/cathodeeadout 85mm
Bottomwith cathodereadout 70mm
Bottomwith no readout 35mm
Sidewith noreadout 50mm
Sidewith cathodereadout 60 mm

et 29 —
77775 [
. E
W s ‘L‘

Figure21 Schematiconfigurationof readoutelectronicsof MWPC in the muonsystem.

A detailedstudyof thesecombinationdor the variousstationsandregionsleadto the scheme
showvn in Figure?21.

The borderregion of the chambershave the spacerequirementsummarizedn Table 4.
Theseparametergnsuresufiicient spacebetweenthe chamberdor the routing of cablesfor
readout,high andlow voltage,andgaspipes. Table 5 summarizeghe readoutconfiguration
in eachstationandregion, the full size of chambersandthe vertical spaceavailable between
chambers.

4.1 HV-interface

The HV-connectioris realizedby interfacecardswhich carry the loadingresistorsandthe de-
couplingcapacitors.The ORsof wire padsfrom differentlayersanda large amountof ground
connectiongo ensureas muchaspossiblethe reductionof electronicnoise(seeFigures22).
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Table5 Readouschemdor thevariousstationsandregionswith therequiredspaceandthe spacdeft
vertically betweerchambersLegend:AW-RO: Anodewire readoutCP-RO: Cathodepadreadouti&b:

top andbottom.
| | Stationl | Station2 | Station3 | Station4 | Station5
Regionl top: AW-RO top: AW-RO
side:CP-RO side:CP-RO side:CP-RO | side:CP-RO
Chambersize: 42 %37 cm? 44.5x39 cm? 47x41 cm? 49 %43 cm?
Freespace: 12cm 15cm 17cm 18.8cm
Region2 top: AW-RO top: AW-RO
side:CP-RO side:CP-RO bot.: CP-RO | bot.: CP-RO
Chambesize: 72 x37 cm? 77%x39 cm? 80 x44.5cm? | 84.5x46.5cm?
Freespace: 12cm 15cm 13.5cm 15.3cm
Region3 t&b: CP-RO | t&b: CP-RO t&b: CP-RO
Chambessize: | 96x33.5cm? | 130 x38.5cm? | 140 x42.5 cm?
Freespace: 6.5cm 11.5cm 13.5cm
Region4 top: AW-RO | side:AW-RO | top: AW-RO
Chambessize: | 96x32cm? | 130x37 cm? 140x39 cm?
Freespace: 8cm 1cm3 15cm

Samplesof thesecardswill be testedin real configurationswith existing wire chamberpro-
totypesto checkthe validity of this solution. The value of the decouplingcapacitorshould
be much larger than the capacityof the group of wires connectedo it. This ensuresa low
impedanceéo groundor to theamplifier. A valueof 1nF satisfieghis conditionin all cases.
The upperbandon the HV-loadingresistoris given by the maximalallowed voltagedrop,
while thelowerlimit is setby theintroducedparallelnoise.The baselinechoiceis 100 k2.

4.2 FE-Interface

The FE-electronicawill be implementedin two stages;the first stageas a spark protection
board(SPB)andthe secondasthe Amplifier-Shaperdiscriminator(ASD) chip board(ACB).
TheACB is mountedoarallelto andimmediatelyabore the SPB.This designlimits thedistance
thesignalsmustpropogatdrom thechamberThedimensiondor theseboardsaregivenby the
thicknessof the chamber(70mm) (cf. Figure 21 andthe maximalallowed spacearoundthe
chamberg50mm). The 50mm aredeterminecdby region 1R, wherethe highestgranularityof
readoutthannel®occur Eachboardrecevesthesignalsof 8 readoutthannelsrom eachdouble
gap,in total 16 channels.

The SPBwill bea50x 70 mm? two layer boardthat containsa systemof resistorsand
diodesfor eachchanneldesignedo limit the voltagein the eventof a sparkor dischage. The
designusesatwo stagedoublediodeschemethefirst resistoris 8.2(2 connectedo two diodes
3 anda secondesistorof 52 wasalsoconnectedo two diodes?. This designfully protected
thereadoutchannelgluringmeasurementsp to 3.6 kV onthechambeandfrom dischagesof
a 1nF capaciterDuring testsno channebecamedamaged.

3BA V99
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Figure22 A photoof the prototypeof theHV interfacecardfor the M2R1 chamber

The ACB is a 50x 70 mm? 4 layer PCB containingtwo ASD chips and the so called
DIALOG chip[5], which providessomebasiclogicsanddiagnostidunctions.

4.3 Cooling of Electronics

Theinnerregionsof the Muon Systemare characterisetby a large amountof electronicdo-
catedin a small space,in particularin region 1 of stationsM2 and M3 whereeachchamber
contains224readoutchannelsA roughestimationof thedissipatedower hasbeenperformed
in thesecases.The box containingthe chamberandthe electronicgs consideredo be closed,
with thermalcontact(copper)only alongthe outerperimeteywhile thefront andrearfacesare
considerednsulating. The copperclosureis usedto shieldfrom externalnoisethe electronics
insidethe box. A nominalconsumptiorof 50 mW/channehasbeenassumedASDQ case).
To this numberthe consumptiorof OR electronicsandthe presencef serviceelementqlocal
regulators,controls,etc.) shouldbe added.Up to now this additionis not quantifiedandthere-
fore not consideredn the evaluation.UsingtheapproximatdormuladT = 900 x (P/SY-® where
dT is the internalthermalgradient(°C), P is the total dissipatedpoower in the box (W) andS
the surfaceavailablefor heatexchange(cm?), it turnsout thatthe inner chambersare subject
to alarge increaseof temperaturethat makesthe operationof electronicsunreliable(dT up to
3(C). To overcomethis problem,severalpossibilitiescanbe ervisaged:

o Artificially increasehe surfaceof the coppershield;
e Pumpingfreshgasthroughthe box with a simpleplasticpipe network;

e Coolingthe coppershield. In this casea betterthermalcontactbetweencardsandthe
shieldshouldbeforeseen.
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All theseoptionsareunderstudy althougha betterunderstandingf the problemwill come
from atestwith arealbox, whichwill bedonein thenearfuture. A morerealisticestimationof
power consumptiorwill beavailablethen.

5 Quality Tests

Qualitytestsof theindividualchambecomponentandfor theassembledhamberreforeseen.
Thekey itemsto be checledduringchambeiconstructiorarethefollowing:

Panelplanarity which canbeverifiedon sampleswvith a properapparatus;
Wire quality, with opticalinspectionandtestsof mechanicapropertieson samples;

Solderingquality: dueto the large amount,a semi-automatigrocedureshouldbe fore-
seen.Thistestshouldalsoincludeelectricalcontinuity.

wire tensionchecks:An interestingmethodto controlthe wire tensionof anentirewire
padis to inducemechanicabscillationsby passingan A.C. currentthroughit while im-
mersingthesystemn amagnetidield[6]. Beinganon-contacandaneasilyautomatized
method,itis adaptedo our needs.In orderto testthis methoda 1.5 mm pitch padof 4
wires (3 with 50 g tensionandonewith 60 g) was preparecdat 2.5 mm from a cathode
plane.FromaFFT analysisof theinducedoscillation,shaovedin Figure23, it is possible
to determinghetensionwithin a 3 gf precisionwhichis avaluewell bellow theallowed
toleranceof 10g;

Wire positioning,to be verifiedon a smallsetof pointson eachwire plane;

Gastightnessto be verified using standardoroceduresuchasapplyinga small under
pressurdo thechambelin anHe-bagandlooking for possibldeaks;

HV trainingandtests.This partwill bethe mostimportantonebecauset shouldcertify
the quality of the productionfrom eachcentre. A "good” chambershouldbe able to
sustaina certainvalue of HV well inside the operationplateaufor a certainamountof
hours,aftersometraining hasbeenperformedusinganautomategrocedure.

Afterwardsthe chambemwill beinspectedor the uniformity in response A very efficient
methodis to performascanof thewire planewith a calibratedsource checkingthatthe count-
ing ratesof padsis uniform throughall the chamber In addition,a completetestwith cosmic
raysto determineefficiengy plateauandtime resolutionwill be performed.As far aspossible,
thistestswill bedonewith final electronics.
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Figure23 Resultof a FFT analysisof theinducedoscillationsin apadof wires. Thefirst peak,at 330
Hz, correspondso the oscillationsof the threewires submittedto a 50 gf tensionandthe secondone,at
370Hz, to the 60 gf wire.

6 CostsBreakdown

Item Unit | Number| Cost(CHF)/unit| Cost+20%(CHF)
Wire km 1215 120 174960
Wire fixationbars | 0.5m 14560 5 87360
Sidebars 0.3m 5683 2 13639
Panels m? 250 1300 390000
Spec.Cath.(R1,R2) m? 200 380 91200
HV boards 1| 13000 7 109200
Capacitors 1| 100000 0.2 24000
HV GND Conn. 16| 31250 0.5 18750
Jig spacers 1| 25000 0.2 6000
Total 915109

7 Construction Schedule

An overview of the projectplanis givenin Figure 24. After finalization of the engineering
designthe“module0” of thechambersn thevariousregionsshouldbebuild andtheproduction
linesshouldbesetup. In casepaneldbasednhoneg/combshouldbeusedthepanelpreparation
is rathertime consuming(evenif severalpanelsarepreparedn parallel)andshouldtherefore
startaboutl/2 yearin adwanceof the chambermroduction. It is foreseerto have four centers
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2001 [2002 [2003 [2004 [2008
1D |Task Name Qr1]Qr2[Qr3[Qr4[ Qr1] Qr2]Qr3[Qrd4|Qr1[Qr2] Qr3[Qr4|Qri[Qr2[Qr3][Qr4|Qri[Qr2]Qr3
! |NWPC Proj ect Planning ! \ 4
2 | Optinization of engineering design ==
3 Prot ot ype studies
4 Preparation of production I|ines ]
5 Modul e 0 production of chanbertypes ]
6 | Tendering and procurenent ]
! Panel Preparation I
° | Chanber Construction |
° Quality Tests |
0 | Transport Il B
u Installation and Commi ssi oning ]

Figure24 A sketchof thechamberssembly

for chamberconstructionassemblingndtesting. Thetime estimatedor chambeiconstruction
is 2 years. This meanghateachproductioncentershouldproducea fully testedchambeiin 2

working days.Chambeiinstallationandcommissioningdf the muonsystemshouldstartin the

secondhalf of 2004andtake aboutl year
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