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Abstract

The LHCb muonsystemwill useMulti-Wire ProportionalChambers(MWPC) in all
regionswith aparticleflux between1 kHz/cm

�
and100kHz/cm

�
. After anoverview of the

chamberrequirementsandspecifications,thedesignandconstructionproceduresincluding
thequality controlof thedetectorsystemaredescribed.Theelectricallayout is discussed
andfinally thecostbreakdown andtheconstructionscheduleis presented.



1 Chamber Layout and Requirements

TheLHCb muonsystemwill useMulti-Wire ProportionalChambers(MWPC) for thefour re-
gionsof stationsM2 andM3, for regionsR3 andR4 of stationM1 andfor regionsR1 andR2
of stations4M andM5. As the detectorlayout is fully projective, the chambersandreadout
padsvary in sizefor thedifferentregions(see[1] for moredetails).An overview of thecham-
ber instrumentationis given in Table1. The full systemcoveredby MWPCsconsistsof 864
chambersandabout80kFE-channels.

Table1 Summarytableof theMWPCdetector

Station1 Station2 Station3 Station4 Station5 Sum

Chambersin Region1
Numberof Chambers 12 12 12 12 48
Sensitivearea( ��� � ) 30� 25 32.4� 27 34.8� 29 37.1� 30.9
Anodechannels 96 96 2304
Av. wire padsize( ��� � ) 6.3� 250 6.7� 270
Numberof wires 800 864 928 992 4.4� ���
	
Cathodechannels 128 128 192 192 7680
Cathodepadsize( ��� � ) 37.5� 31.3 40.5� 33.7 29� 36 31� 39
Chambersin Region2
Numberof Chambers 24 24 24 24 96
sensitivearea( ��� � ) 60� 25 64.8� 27 69.5� 29 74.3� 30.9
Anodechannels 96 96 4608
Av.wire padsize( ��� � ) 12.5� 250 13.5� 270
Numberof wires 1600 1728 1856 1984 1.7� ���
�
Cathodechannels 128 64 96 96 9216
Cathodepadsize( ��� � ) 75.0� 31.3 162� 33.7 58� 72 62� 77
Chambersin Region3
Numberof Chambers 48 48 48 144
Sensitivearea( ��� � ) 96� 20 120� 25 129.6� 27
Numberof wires 2560 3200 3456 4.4� ��� �
Cathodechannels 192 192 192 27648
Cathodepadsize( ��� � ) 20� 100 25� 125 27� 135
Chambersin Region4
Numberof Chambers 192 192 192 576
sensitivearea( ��� � ) 96� 20 120� 25 129.6� 27
Anodechannels 48 48 48 27648
Wire padsize( ��� � ) 40� 200 50� 250 54� 270
Numberof wires 2560 3200 3456 1.8� ���



Dependingon theregion,thechambersarereadoutdifferently: in regionR4of stationsM1
– M3 thechambershave anodewire readout(throughdecouplingcapacitors);in region R3 of
stationsM1 – M3 andregionsR1 andR2 of stationsM4 andM5 cathodepadsarereadout;in
regions1 and2 of stationsM2 andM3 acombinedreadoutof wire andcathodepadsis usedas
aconsequenceof therequiredgranularity.
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Thegeneraldesignandtheconstructionis thesamefor all chambers.They have4 separate
gasgaps,eachwith ananodewire planeand– in regionsR1 to R3 – a planeof cathodepads.
Thevaluesfor thebasicchamberparametersaregivenin Table2.

Table2 Main MWPCparameters

Parameter Designvalue

Cathode-Cathodedistance 5 mm
Anode-Cathodedistance 2.5mm
Wire spacing 1.5mm
Wire Diameter 30 � m
Wire potential 3150V
Wire surfacefield 260kV/cm
Cathodesurfacefield 8kV/cm
Gasmixture ��������� � ����� 	 (40%50%10%)
Primaryionization � �����

e-/cm
GasGain � ���
�
charge/5mm track � ����� �"!
electrondrift-velocity �$# � � m/ns
ion collectiontime �$% � � s

The main tolerancesfor the chamberconstructionaresummarisedin Table3. They have
beendeterminedwith GARFIELD, assumingthata themaximaltolerablevariationin gasgain
is & 20%. For thesesimulationsonly individual parametershave beenvariedwhile the other
parametershave thedesignvalue(see[2] for moredetails).

Table 3 Main geometricaltolerancesfor theMWPCs.Thefirst columngivesthemaximalacceptable
deviationsfor singleparameters,obtainedfrom GARFIELD simulations;the secondgivesthe second
therequiredgeometricaltoleranceof thechambers.

Parameter Max.Deviation Tolerance

PanelThickness & 200 � m
Panelflatness & 75 � m & 50 � m
Gasgap & 80 � m & 70 � m
Wire planeverticaloffset & 300 � m & 100 � m
Singlewire verticaloffset & 250 � m & 100 � m
Wire pitch & 80 � m & 40 � m

2 Chamber Components

Themaincomponentsfor theMWPCsof themuonsystemarethefollowing:

' Structuralpanelsmadeof honeycomb,chempircoreor polyurethanefoamwith FR4cath-
odelaminates(total thickness

����� %(& ��� % mm);
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' Wire fixation bars(WFB), with traceson it, whereanodewires aresolderedandglued
(2.40& 0.08mm thickness);

' Gold-platedtungstenwiresof 30 � m and100 � m diameterfor thesensewiresandguard
wiresrespectively;

' FR4or aluminumframesof 5.0 & 0.08mmontheshortsideof thechamber(SB),where
thegasinletsarelocated;

' Barsof 2.40& 0.08mm thicknesson top of theWFBsto closethegasgapover the long
sideof thechamber(CB);

' Spacersoverthelong(andpossiblyalsotheshort)sideof thechamberto ensureprecision
of thegasgapof 5.00 & 0.08mm.

2.1 Panels

Thepanelsarethebasisof thechambermechanicalstructure.Therequirementon theflatness
of & 50 � m is of critical importancefor gasgainuniformity andconsequentlyfor thewidth of
theoperationalplateau.

A panelconsistsof two copperclad FR4 (fire-resistantfiberglassepoxy) laminatesinter-
leavedwith a core. For thecorevariousmaterialsareunderinvestigation.Besidesthepanels
basedon honeycombandpolyurethanefoam, which are discussedin moredetail in the fol-
lowing, othermaterialslike Chempircorehave beenstudiedaswell [4]. The choicefor the
corematerialis still to be made. The honeycombsolutionhasalreadybeentestedwith good
results.Therefore,FR4-laminatesof 1.6mm thicknesswith �*) � �+� copperinterleavedwith
7mm honeycombarethebaselinepanelfor thechamberconstruction(seeFigure1). However,
thepanelsbasedonpolyurethanefoamarecheaperandfasterto build.

2.1.1 HoneycombPanels

Figure 1 A pictureof thePCB-honeycomb-PCBsandwichis shown.
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Figure2 A panelbeinggluedundervacuumpressure.

Theflatnessof theFR4laminates(or whereapplicable,printedcircuit boards)andthehon-
eycombsheetshasto becontrolledbeforegluingthepanel.Only thecomponentswith aflatness
within &-, � � m areaccepted.ThechosenPCBsaregluedto thehoneycombsheetswith Araldite
2011. They shouldthenbe left for about12 hoursheld to a flat surfaceby vacuum,ascanbe
seenin Figure2. The flatnessof the final panelsmustthenbe measuredagain. In the panel
borderregionswherescrewsclosethechamber, thepressureputon thehoneycombsandwiches
is ratherlarge. Becauseof thatandalsoto make thesolderingof thefront-endconnectorseas-
ier, thehoneycombsheetsshouldbecut smallerthanthePCBs.After gluing andsolderingthe
connectors,thespaceleft betweenthePCBsis filled with Adekit 170epoxyglue(seeFigure3).
In thefour cornersof thepanelsanadditionalplasticspacercouldbeaddedto ensureaneven
betterstiffness.

It hasbeendemonstratedin several prototypesthat honeycombpanelswith the required
specificationcanbe produced.However, suchpanelsareratherexpensive and their produc-
tion is time consuming. Thereforeother solutions,as discussedin the following, are under
investigation.

2.1.2 PolyurethaneFoamPanels

The panelsarecomposedof two sheetsof FR4 filled with a rigid polyurethanefoam1. The
polyurethanefoamis theresultof achemicalreactionbetweentwo components:thepolyol and
the isocyanate.The liquid polyurethanecomponentsareinjectedin a mouldbetweenthe two
FR4sheets,with a low pressuremachine(gravity injection). Theconstructionprocedureis the

1ESADUR120,Tagossrl, Varese(Italy), www.tagos.it
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Figure3 A PCB-honeycomb-PCBsandwichwith reinforcedbordersis shown.

Foam

Jig Spacer FR4

FR4

Figure4 Thejig spacerinsertedinto thepolyurethanepanel.

following:

1. Themouldis openedandthefirst FR4sheetis insertedin themould’scavity;

2. Jigspacers(seeFigure4 and5) areinsertedinsideholesin theFR4sheet;

3. ThesecondFR4sheetis insertedin themould: thecorrectpositioningis givenby thejig
spacers;

4. Themouldis closedandthefoamis injectedthroughthecastinghole.

The advantagesof using jig spacersare the correctpositioningof FR4 sheetsinside the
mould andthe provision of referencepoints for the assemblyof the variouselementsof the
chamber.

To makethefoaminjectioneasier, thetemperatureis setto 35-38. C.Thesteelmouldis built
upof two planesthatform a15. anglewith thehorizontalplaneandit sustainsthepressuredue
to theexpansionof thefoam(5 kg/cm

�
). Theplanarityof thepanelis ensuredby theprecision

of themouldsurface(0.01mm). Thepolymerizationtimeof thefoamis 12-18minutesandthe
densityis 400-600kg/m/ . Thepossibilityof usinga lower densityfoamis undertest.A panel
20� 20� 1 cm/ with a rigid polyurethanefoam(ESADUR120)hasbeenproducedusinga non
precisemould,showing averyhighmechanicalrigidity. A precisionmouldis underpreparation
(30� 30 cm

�
) to testtherequestedplanarityandto verify theconstructionsequence.Testswith

lesspreciseFR4 laminatesof 0.8mm areplannedaswell. A modulardie to provide different
panelsfor variouschamberdimensionsis understudy.
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Figure 5 Detail of jig andgapspacersinsertedin thepolyurethanepanel.

SPACER HOLE CARD I/O GAS

GUIDE HOLE WIRE BAR GUIDE HOLE LATERAL FRAME

Figure 6 Thecathodelayoutin region 3

2.2 CathodePlanes

DetailedSPICEsimulationshavebeencarriedout in orderto minimisethecapacitanceandthe
cross-talkinducedby the readouttracesrunningunderthecathodepads(see [3] for details).
This studiesshowedthat,in orderto minimisethecathodecapacitance,it is preferableto have
two panelswith cathodespadson bothsides,insteadof having four panelswith cathodepads
on only oneside. Moreover, sucha configurationprovidesbettershieldingto thecathodes,as
they arealwayssurroundedby detectorground.

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

In regionR3 thecathodepadscanbeaccessedfrom thetopandthebottomof thechambers
(seeFigure6). This avoids theuseof cathode-PCBin this region, which is difficult to realize
with the requireddimensions.First investigationsof using a milling machineto realizethe
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cathodestructurearepromising,but afull testhasstill to becarriedout. Guardtracesof 0.5mm
width betweenthe cathodepadsare foreseento minimize the crosstalk. The width of the
insulatingsurfacebetweenthepadsandtheguardtraceshouldnot exceed0.4mm to avoid the
problemof chargeup at high rates.

In regionsR1 andR2 the cathodeshave a chess-boardstructure,asindicatedin Figure7.
Only afractionof thecathodepadsignalsof regionR1andR2canbeaccessedfrom theborder
of thechamber. Mostof thepadshaveto bereadby tracesrunningonthebottomof thecathode
boardto theedgeof thechamber. A doublesidedPCBwill beusedto implementthisstructure.
Therespecialcarehasto betakento minimizethecapacitancebetweenthereadouttracesand
thepads.Thereadouttracesof 0.25mm width areseparatedby 0.25mm groundedtraceswith
agapof 0.25mm. Thepadsareconnectedthroughmetallizedholesto thereadouttraces.
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Figure 7 Cathode-andwire-padstructureandreadout.

2.3 Wir efixation bars and gapbars

On the long sidesof the panels,wire fixation barsare glued. The barshave a thicknessof
2.4mm, so slightly less than the anode-cathodedistance. They will be madeaccordingto
standardprintedcircuit boardtechnology. A patternof finger-tip padsis etchedon the bars
which will beusedfor solderingthewires. They areinterconnectedin groups,asindicatedin
Figure8.
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Figure 8 Blow up of acornerof thewire fixation bar.

The groupingof wires is determinedin the caseof anodewire readoutby the required
granularityin the 0 -coordinate.In orderto minimize thecrosstalk in thecaseof cathodepad
readout,wiresaregroupedtogetheraccordingto the 0 -dimensionof thepads.

Thewire fixation barsandtheotherframeswill becorrectlypositionedon thepanelsby a
setof calibratedcylindrical spacer(5 mmthick) insertedin them.Thisguaranteestheexactgap
all alongthe perimeterof the chamber. In this casetheWFBs andthe otherframescanhave
standardtolerancesandneedonly thedrilling of holesfor thecylindrical spacers,and,in case
of the sidebars,for the gasinlets/outlets.This solution,in additionto be lessexpensive, has
alsotheadvantageto allow for anoncritical gluingof all chamberelements.

2.4 Wir e

Thetotalnumberof wiresin thechambersunderconsiderationsumsupto about2.5 � ���

 , with
a total wire lengthof about1200km. Therefore,mucheffort hasbeenexpendedto developan
efficientandreliableschemeof windingandattachingwires,asdiscussedin section3.

Gold-platedtungstenwire of 30 � m diameterhasbeenchosenfor thewiresof thechambers.
Measurementsshow a linear dependenceof the elongationon the weight appliedup to 140g,
ascanbe seenin Figure9. At the baselinewire spacingof 1.5mm andwith nominalHV of
3.15kV, thewiresbecomeelectro-staticallyunstableif theretensionis below 30g. Thechosen
baselinewire tensionand its spreadis (60 & 10)g. This shouldavoid the beforementioned
problems.

A guardwire of 100 � m diameterwill beusedaslastwire to avoid very high fieldson the
wiresat thechamberborder. Testshaveshown thatasingleguardwire is sufficient.

3 Chamber Construction

Therearetwo possiblewaysto build thechamberswith theaboveparameters.Oneis producing
anodepanelswired on both sides,the othermakingpanelswith wires on onesideonly. The
two optionscanbe seenin the drawing of Figure10. Both methodshave their merits. The
mainadvantagesof monogapsis thefactthatthepanelscanbehandledmoreeasilyduringthe
detectorconstruction.Moreover, in caseof incurableproblemsduringtheglueingor soldering
process,onewould looseonly onegap.Doublegapwiring, on theotherhand,is betteradapted
to thecathodedesign,which is basedontwo doublegapsinsteadof four singlegaps,aspointed
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Figure 9 Wire elongationasa functionof theweight

out in section2.2. In addition,all prototypeshavebeenbuild sofarwith adoublegapstructure.
Therefore,this designis backed up by experienceandpositive resultsfrom tests. The final
choiceof theconstructionmethodhasstill to bemade.

Figure 10 Thechamberreadyto beassembledwith singlesided(left) or doublesidedwired panels.

Prior to thewiring apanelis assembledin thefollowing way:
' theSidebars(SB) areinsertedin thejigs andgluedto thepanels;

' theWFBsarelocatedusingthejigs (thesearein particularneededif theWFBsaremade
of severalpiecesdueto thechamberlength)andgluedto thepanels;

' the ClosingBarsof 2.4& 0.5 mm thickness(CB) on top of the WFBs areglued to the
panels.

3.1 Wiring DoubleSidedPanels

The wiring of the chamberis donewinding directly aroundthe honeycomb panels. In this
way symmetricallyloadedpanelswith wire planeson both sidesareproduced.The panelis
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Figure11 Schematicdrawing of theframecrosssection.

fixed to a rigid framewherethe positioningcombsaremounted. A schematicdrawing of a
crosssectionof this frameis shown in Figure11. To achieve therequiredprecision,thewiring
methodseparatesthe two key parameters:thewire spacingis determinedby thecombswhile
theanodeto cathodedistanceby theadjustmentbars.

' Threadedcomb: The threadedcombhasa diameterof 15 mm andwasmachinedin a
precisewayto haveathreadpathdistanceof 1.5mm,whichdeterminesthewire spacing.
The groove depthis of about0.25mm. In this way the inner diameterof the combsis
smallerthanthedistancebetweenthetwo wire planes.

' Adjustment bars: Thewire heightwith respectto thecathodeplaneis adjustedby preci-
sionbarsmountedto theframe.Ononeside,thebarsarefixed,andontheother, they can
beadjusteddependingon thepanelthicknessto achievea wire to cathodeplanedistance
of 2.5mm.

Oncea frameis wired, it canbe taken away from the winding machineto have the wires
gluedandsoldered.This parallelproductionprocedureseparatesthethreemostimportantand
timeconsumingstepsof thechamberconstruction.

The wiring procedurewastestedfor a detectorpanel. In Figure12 a pictureof the frame
is shown whereonecanseethe combsmountedto the long sidesof it. As a first step,the
precisionof the combswere testedby wiring it alonewithout the paneland measuringthe
distancebetweenthewires.At thispoint,200wiresweremeasuredunderamicroscope,which
providesa resolutionof 10 microns.Theaveragepitch measuredwas1.5mm with anRMS of
10 microns.Thenext stepwasto testtheeffect of friction on thewire spacingprecision.For
thispurpose,thepanelwasmountedontheframeandametalbarwasfixedto thewire fixation
bar in orderto simulatetheadjustmentbarthatregulatesthewire height. In Figure13 onecan
seethedetectorpanelmountedto theframebeingwiredon thewindingmachine.After wiring,
thewire pitch wasmeasuredagain.This time 200wiresof eachsideweremeasuredgiving an
averagepitch of 1.5 mm with an RMS of 14 microns. This comparisonshows that the wire
friction ontheadjustmentbarsdoesn’t degradethewire spacingprecision,ascanbeseenin the
plotsof figure14. TheobtainedRMSin bothcasesis well within thespecificationsof &21 � � m.

Theconclusionsof thesedetailedtestsis thatthesymmetricwiring methodworksverywell
for chamberssmallerthan700mmin length.For regionsR1andR2of all muonstationsthis is
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Figure12 Wiring framewith thecombsmountedon it.

Figure 13 Wiring of apanelmountedto thealuminumframe.
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Figure 14 Distributionsof the distancebetweenthe wires measuredwith the framealone(left) and
with thepanelmountedto it (right).

areliableandsimplesolutionto ensurea trouble-freeproductionof thesechambers.For bigger
chambers,thepanelsandtheframewith thecombsmight sagdifferentlyduringthewiring. To
avoid this problemthe panelshouldbe fixed to the framealong its long sideevery 500 mm
so that they have a commonsag. In this way theanodeto cathodedistancecanstill be made
precise.Anotherway to avoid thesaggingis to wire thepanelsvertically.

3.2 Wiring SingleSidedPanels

Theproductionof panelswith wireson a singlesidecouldberealizedusingthesamewinding
machine,but with adifferentframe.A sketchof apossibleframecanbeseenin Figure15where
two singlesidedpanelsareadjustedto thecombsandwired in onego. Basedon a calculation,
no deflectionof thepanelsis expecteddueto asymmetricloadof 100g/wire. Figure 16 shows
thedeflectionasfunctionof theFR4thicknessandof thedistancebetweentheFR4foils. Tests
doneon both deflectionand torsionof a panelwired in this way confirmedthis result. The
wiring guidelinesarethesameasmentionedin theprevioussection.For small chambers,the
systemis rigid. However, for the longerones,a differentsagof thepanelswith respectto the
combsis presentandamethodof fixing themtogetherover thelongsideis needed.

Studiesarealsoongoingto increasethenumberof singlegapsto bewired in oneprocessto
eightplanes,asshown in Figure17. However, in this casethemachinegetsmorecomplicated.
Thepossibilityof gluing andsolderingon thesamemachineis underevaluation,althoughthe
possibilityof having aproductionline with parallelproceduresis lost.
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Figure 15 Sketchof a frameto wire two singlesidedpanelstogether.

Figure16 Maximaldeflectionof apanelwith asymmetricload.

3.3 Glueing

Thewiresaregluedto thewire fixation barsbeforesoldering.This procedureguaranteesthat
thewiresarekeptin placewith afixedheightwith respectto thecathodeplane.Thegluingalso
keepsthewire tensionto its nominalvalue.Theglueto beusedis Adekit A145which takes24
hoursto fully polymerizeat roomtemparture.

3.4 Soldering

Oneof thecleanestsolderingmethodsis theuseof a laserbeam.Due to the largenumberof
solderinginvolvedin theconstructionof LHCb MWPCs( � 5 � ���

 ), theuseof anautomated
andreliablemethodis mandatory.

A testsystemwassetupto studytherealizationof anautomaticsolderingstation.Thelight
sourceusedwasadiodepumpedlaser2.

Thesetupconsistsof a steppingmotor, of anendlessscrew anda slit on which theheadof
2Model Violino from Laservall s.p.a.,seewww.laservall.comfor furtherdetails.
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Figure17 Conceptof amachineto wire eightsinglepanelsin oneprocess.

the laseris mounted,togetherwith a solderdispensersystem(seeFigure18). Thesolderwire
usedwasa specialalloy providedby Almit (KR-19 SH-RMA, 180. C working point) with low
flux content.Theglobaltime for thecompletesolderingof onewire andthepositioningof the
headto thenext traceis about2s.

The laserpower wasusedat 60% of its maximalpower (60 W). The studyof the optimi-
sationof this parameteris still ongoing,aswell asthedeterminationof theoptimalamountof
solderwire to beprovided.

The resultof solderingis very clean(no flux around,asshown in Figure19) andthecon-
trol of local heatis very good. The wire suffers lessheatstresswith respectto conventional
techniques.

To becomefully operational,thesystemhasstill to beupgradedin thefollowing parts:

' Installationof adiodelight guideto provideareferencepoint (thelaserlight is invisible);

' Bettermechanicalpositioningof thewire fixationbar;

' Modificationsto thesolderwire dispenserto haveamoreprecisecontrolof its amount;

' Optical control of the headpositioning. The possibility of usinga camerato checkthe
quality of thesolderingis understudy.

Using a conservative valueof 3s for thesolderingof onewire andassumingthat thefinal
setupwill beequippedwith 2 laserheads,wecanevaluatethetime neededfor thesolderingof
theMWPCs.Consideringonly thelargestchambersonehasfor instance:

Muonstation1, Region R4 491K wires(192chambers) 410hours
Muonstation2, Region R4 615K wires(192chambers) 513hours
Muonstation3, Region R4 664K wires(192chambers) 553hours
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Figure18 Thelasersolderingandthesolderdispenser.

Figure 19 30 3 m wiressolderedon thetraces.
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Figure20 A sketchof thechamberassembly.

For thewholedetectorthetotal time for wire solderingwould be2100hours.This number
doesnot includethe time spentfor the layer settingup andfor the neededchecks.This time
shouldbestrictly proportionalto thenumberof chambers.A singletrainedtechnicianshould
beableto controlsthis phaseof thechamberproduction.

3.5 Final Assembly

To proceedwith the final assemblyof the chamber, five panelsshouldbe ready: two double
sidedwired panelsandthreegroundpanels(or four singlesidedwired panelsandoneground
panel).All thepanelsarealreadyequippedwith sidebars,wire fixation barsandgapbars. In
thesidebarsthegasinlets/outletsfor eachgaparemounted.Thecylindrical precisionspacers
areinsertednow in theforeseenholesaroundthechamberandthepanelsareassembledmaking
useof thejigs at thefour corners.For thefinal closingof thechambersthefivepanelsarekept
togetherwith screws. The leak tightnessis obtainedby gluing the five panelstogetherwith
epoxyglue.

4 Electrical Layout

Severalconstraintsdeterminethelocationof thereadoutelectronics:

' Minimisationof deadspaceat thechamberborder;

' Densityof channelsin innerregions;

' Spaceproblemsdueto theproximity to thebeampipein regionR1;

' Connectivity requestsdueto logic ORsonFE-electronicscards.
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Table4 Spacerequirementsfor thechambers’borderregions.

Details

Wire fixationbars(top andbottom) � 30 mm
Gapbars(side) � 20 mm
Gasconnectionside � 30 mm
HV part(HV bus,R, C) � 35 mm
Cathodereadout(bottom/side) � 20 mm
SPboard,FEboard,Connector � 20 mm
Sums

Topwith anode/cathodereadout 85mm
Bottomwith cathodereadout 70mm
Bottomwith no readout 35mm
Sidewith no readout 50mm
Sidewith cathodereadout 60mm

Figure 21 Schematicconfigurationof readoutelectronicsof MWPC in themuonsystem.

A detailedstudyof thesecombinationsfor thevariousstationsandregionsleadto thescheme
shown in Figure21.

The borderregion of the chambershave the spacerequirementssummarizedin Table4.
Theseparametersensuresufficient spacebetweenthe chambersfor the routing of cablesfor
readout,high and low voltage,andgaspipes. Table5 summarizesthe readoutconfiguration
in eachstationandregion, the full sizeof chambersandthe vertical spaceavailablebetween
chambers.

4.1 HV-interface

TheHV-connectionis realizedby interfacecardswhich carry theloadingresistorsandthede-
couplingcapacitors.TheORsof wire padsfrom differentlayersanda largeamountof ground
connectionsto ensureasmuchaspossiblethe reductionof electronicnoise(seeFigures22).
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Table5 Readoutschemefor thevariousstationsandregionswith therequiredspaceandthespaceleft
verticallybetweenchambers.Legend:AW-RO: Anodewire readout;CP-RO: Cathodepadreadout;t&b:
topandbottom.

Station1 Station2 Station3 Station4 Station5

Region1 top: AW-RO top: AW-RO
side:CP-RO side:CP-RO side:CP-RO side:CP-RO

Chambersize: 42 � 37 ��� � 44.5� 39 ��� � 47� 41 ��� � 49 � 43 ��� �
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
Chambersize: 72 � 37 ��� � 77� 39 ��� � 80 � 44.5 ��� � 84.5� 46.5 ��� �
Freespace: 12cm 15cm 13.5cm 15.3cm
Region3 t&b: CP-RO t&b: CP-RO t&b: CP-RO
Chambersize: 96� 33.5 ��� � 130 � 38.5 ��� � 140 � 42.5 ��� �
Freespace: 6.5cm 11.5cm 13.5cm
Region4 top: AW-RO side:AW-RO top: AW-RO
Chambersize: 96� 32 ��� � 130� 37 ��� � 140� 39 ��� �
Freespace: 8cm 1cm3 15cm

Samplesof thesecardswill be testedin real configurationswith existing wire chamberpro-
totypesto checkthe validity of this solution. The valueof the decouplingcapacitorshould
be much larger than the capacityof the group of wires connectedto it. This ensuresa low
impedanceto groundor to theamplifier. A valueof 1nFsatisfiesthis conditionin all cases.

Theupperbandon theHV-loadingresistoris givenby themaximalallowedvoltagedrop,
while thelower limit is setby theintroducedparallelnoise.Thebaselinechoiceis 100 k 5 .

4.2 FE-Interface

The FE-electronicswill be implementedin two stages;the first stageas a sparkprotection
board(SPB)andthe secondasthe Amplifier-Shaper-discriminator(ASD) chip board(ACB).
TheACB is mountedparallelto andimmediatelyabovetheSPB.Thisdesignlimits thedistance
thesignalsmustpropogatefrom thechamber. Thedimensionsfor theseboardsaregivenby the
thicknessof the chamber(70mm) (cf. Figure21 andthe maximalallowed spacearoundthe
chambers(50mm). The50mm aredeterminedby region 1R,wherethehighestgranularityof
readoutchannelsoccur. Eachboardreceivesthesignalsof 8 readoutchannelsfrom eachdouble
gap,in total 16channels.

The SPBwill be a 50 x 70 ��� � two layer boardthat containsa systemof resistorsand
diodesfor eachchanneldesignedto limit thevoltagein theeventof a sparkor discharge. The
designusesa two stagedoublediodescheme:thefirst resistoris 8.2 5 connectedto two diodes
3 anda secondresistorof 5 5 wasalsoconnectedto two diodes2. This designfully protected
thereadoutchannelsduringmeasurementsup to 3.6kV onthechamberandfrom dischargesof
a1nFcapaciter. During testsnochannelbecamedamaged.

3BA V99
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Figure 22 A photoof theprototypeof theHV interfacecardfor theM2R1chamber.

The ACB is a 50x 70 �6� � 4 layer PCB containingtwo ASD chips and the so called
DIALOG chip [5], which providessomebasiclogicsanddiagnosticfunctions.

4.3 Cooling of Electronics

The inner regionsof the Muon Systemarecharacterisedby a large amountof electronicslo-
catedin a small space,in particularin region 1 of stationsM2 andM3 whereeachchamber
contains224readoutchannels.A roughestimationof thedissipatedpowerhasbeenperformed
in thesecases.Thebox containingthechamberandtheelectronicsis consideredto beclosed,
with thermalcontact(copper)only alongtheouterperimeter, while thefront andrearfacesare
consideredinsulating.Thecopperclosureis usedto shieldfrom externalnoisetheelectronics
insidethe box. A nominalconsumptionof 50 mW/channelhasbeenassumed(ASDQ case).
To this numbertheconsumptionof OR electronicsandthepresenceof serviceelements(local
regulators,controls,etc.) shouldbeadded.Up to now this additionis not quantifiedandthere-
forenotconsideredin theevaluation.UsingtheapproximateformuladT = # ��� � (P/S)7�8 9 where
dT is the internalthermalgradient(. C), P is the total dissipatedpower in the box (W) andS
the surfaceavailablefor heatexchange(cm

�
), it turnsout that the innerchambersaresubject

to a large increaseof temperature,thatmakestheoperationof electronicsunreliable(dT up to
30. C). To overcomethis problem,severalpossibilitiescanbeenvisaged:

' Artificially increasethesurfaceof thecoppershield;

' Pumpingfreshgasthroughthebox with asimpleplasticpipenetwork;

' Cooling the coppershield. In this casea betterthermalcontactbetweencardsandthe
shieldshouldbeforeseen.
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All theseoptionsareunderstudy, althoughabetterunderstandingof theproblemwill come
from atestwith a realbox,whichwill bedonein thenearfuture.A morerealisticestimationof
powerconsumptionwill beavailablethen.

5 Quality Tests

Qualitytestsof theindividualchambercomponentsandfor theassembledchamberareforeseen.
Thekey itemsto becheckedduringchamberconstructionarethefollowing:

' Panelplanarity, which canbeverifiedon sampleswith aproperapparatus;

' Wire quality, with opticalinspectionandtestsof mechanicalpropertieson samples;

' Solderingquality: dueto the largeamount,a semi-automaticprocedureshouldbe fore-
seen.This testshouldalsoincludeelectricalcontinuity.

' wire tensionchecks:An interestingmethodto control thewire tensionof anentirewire
padis to inducemechanicaloscillationsby passinganA.C. currentthroughit while im-
mersingthesystemin amagneticfield[6]. Beinganon-contactandaneasilyautomatized
method,itis adaptedto our needs.In orderto testthis methoda 1.5 mm pitch padof 4
wires (3 with 50 g tensionandonewith 60 g) waspreparedat 2.5 mm from a cathode
plane.FromaFFTanalysisof theinducedoscillation,showedin Figure23, it is possible
to determinethetensionwithin a3 gf precision,which is avaluewell bellow theallowed
toleranceof 10g;

' Wire positioning,to beverifiedon asmallsetof pointsoneachwire plane;

' Gastightness,to be verifiedusingstandardproceduressuchasapplyinga small under-
pressureto thechamberin anHe-bagandlooking for possibleleaks;

' HV trainingandtests.This partwill bethemostimportantonebecauseit shouldcertify
the quality of the productionfrom eachcentre. A ”good” chambershouldbe able to
sustaina certainvalueof HV well insidethe operationplateaufor a certainamountof
hours,aftersometraininghasbeenperformedusinganautomatedprocedure.

Afterwardsthechamberwill be inspectedfor theuniformity in response.A very efficient
methodis to performascanof thewire planewith acalibratedsource,checkingthatthecount-
ing ratesof padsis uniform throughall thechamber. In addition,a completetestwith cosmic
raysto determineefficiency plateauandtime resolutionwill beperformed.As far aspossible,
this testswill bedonewith final electronics.
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Figure 23 Resultof aFFT analysisof theinducedoscillationsin apadof wires.Thefirst peak,at330
Hz, correspondsto theoscillationsof thethreewiressubmittedto a50 gf tensionandthesecondone,at
370Hz, to the60gf wire.

6 CostsBreakdown
Item Unit Number Cost(CHF)/unit Cost+20%(CHF)
Wire km 1215 120 174960
Wire fixation bars 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
Jigspacers 1 25000 0.2 6000
Total 915109

7 Construction Schedule

An overview of the projectplan is given in Figure24. After finalizationof the engineering
design,the“module0” of thechambersin thevariousregionsshouldbebuild andtheproduction
linesshouldbesetup. In casepanelsbasedonhoneycombshouldbeused,thepanelpreparation
is rathertime consuming(even if severalpanelsarepreparedin parallel)andshouldtherefore
startabout1/2 yearin advanceof the chamberproduction. It is foreseento have four centers
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ID Task Name

1 M
:
WPC Project Planning

2 Optimization of engineering design
3 Prototype studies
4 Preparation of production lines
5 Module 0 production of chambertypes
6 Tendering and procurement
7 Panel Preparation
8 Chamber Construction
9 Quality Tests
10 Transport
11 Installation and Commissioning

Qtr 1 Qtr 2 Qtr 3 Qtr 4 Qtr 1 Qtr 2 Qtr 3 Qtr 4 Qtr 1 Qtr 2 Qtr 3 Qtr 4 Qtr 1 Qtr 2 Qtr 3 Qtr 4 Qtr 1 Qtr 2 Qtr 3

2001 2002 2003 2004 2005

Figure24 A sketchof thechamberassembly.

for chamberconstruction,assemblingandtesting.Thetimeestimatedfor chamberconstruction
is 2 years.This meansthateachproductioncentershouldproducea fully testedchamberin 2
workingdays.Chamberinstallationandcommissioningof themuonsystemshouldstartin the
secondhalf of 2004andtakeabout1 year.
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