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Abstract

A proposalfor Wire-Pad-Chamberand Cathode-Bd-Chambersor the LHCb Muon
Systemis presented. It is shavn that a single technologysatisfiesthe requiremetnsof
almostthe entire detector garanteeingnaximumuniformity. The muon systemlayout
basedon this technologyis shavn, andthe chambeigeometryspecificationgogetherwith
electronicsconsiderationsrediscussed Am overview of prototyperesultsare presented,
followed by considerationen ageing.Finally constructiorandcostissuesareoutlined.



1 Intr oduction

The taskfor the muonchambersn LHCDb is to detectmuonswithin a time window of 25ns
with very high efficiengy (>99%) with positionresolutionin X andY rangingfrom 0.5cm to
30cm. We expectparticleratesof up to 560kHz/cn?, soin additionthe chambershave to cope
with high ratesandlarge chage depositsover 10 yearsof operation.

Wire Pad Chambers(WPCs) and CathodePad Chambers(CPCs) are able to satisfy all
theserequirementsn all the regionsof the detector Table 1 shaws the ratesandaccumulated
chagesfor theentiredetector

Exceptfor Regionl and Region2 in M1, the total accumulatedchage in 10 yearsof op-
erationis lessthat 1 C/cmwhich wasprovento be a saferangewith respecto aging effects.
The only detectorlimitation of WPCsand CPCswould be gasgain drop dueto spacechage
effectsin the detectorgaswhich arehowever negligible up to ratesof 1 MHz/cm?.

Two advantage®f WPCsandCPCswe considerto be mostimportant:

e The technologycan be usedin almost the entire detector, guaranteeing maximum
uniformity .

e WPCsand CPCsare ordinary Multi Wire Proportional Chamberswhich are very
robust and whoseperformanceis very well understoodand can be well simulated.



Tablel Ratesandaccumulatec¢hagesin the detectorfor WPCsandCPCs.Thechageis calculated
assumingagasgainof 1.6x10°.

| | Station | M1 | M2 | M3 | M4 | M5 |
Ratefm?/interaction Tx1073[25x 1074 [ 2x107*[1.2x10* [ 1.2x 10~*
R1| Rate@ 5 x 10*? (kHz/cm?) 280 10 8 4.8 4.8
Ratefm? + safety(kHz/cm?) 560 50 400 24 24
C/cm/10yearg® 2.5 x 103 4.2 0.75 0.6 0.36 0.36
Rate/channealire pad(kHz) - 780 730 500 580
Rate/channatathodePad (kHz) | 1400 590 550 500 580
Ratefm?/interaction 4x103]112x107%|2x10° | 1.x10™° [8x107°
R2 | Rate@ 5 x 10%? (kHz/cm?) 160 4.8 0.8 0.4 0.3
Rate+ safety(kHz/cm?) 320 24 4 2 1.6
Clcm/10years®d 2.5 x 1032 2.4 0.36 0.06 0.03 0.024
Rate/channealire pad(kHz) - 750 150 170 150
Rate/channatathodegrad(kHz) | 1600 560 220 130 120
Ratefm?/interaction 1x107% [ 4x107° 4x107%|3x107° 3x 107
R3 | Rate@ 5 x 10%? (kHz/cm?) 40 1.6 0.16 0.12 0.12
Rate/+ safety(kHz/cm?) 80 8 0.8 0.6 0.6
Clcm/10years®d 2.5 x 1032 0.6 0.12 0.012 0.009 0.009
Rate/channetathodegpad 1600 250 30 50 60
Ratefm?/interaction 3x10*[5x10°% [1x109][75x107[3x10°©
R4 | Rate@ 5 x 10%2 (kHz/cm?) 10 0.2 0.04 0.03 0.12
Rate/+ safety(kHz/cm?) 20 1 0.2 0.15 0.6
Clcm/10years® 2.5 x 1032 0.18 0.015 0.003 0.002 0.009
Rate/channelire pad 1600 130 30 115 60




2 Muon SystemlLayout

Themuonchambetayoutis basedntheconcepbf projectiity betweerthefive muonstations.
It is fully conformto thesocalled”logical layout” describecelsavhere[1] andis built with the
smallestpossiblenumberof differentchambertypes, correspondingo the four regions. In
particularfor Regions1 and?2 it representsinoptimal solutionfrom point of view of matching
betweergranularityandnumberof FE-electronicehannelgequired.

A schematiwiew of aquadranbf stationsl, 2 and5 is givenin Figuresl-3. They indicate
aswell thechamberdimensiondor thevariousregionsandstations.

2.1 Station M1

Dueto the high occupang in StationM1 the useof logical stripsis not possiblein ary of the
four regions. Furthermorethe logical padsto be usedin the trigger have to be split furtherin
regions2-4into smallerphysicalpadsin orderto staywith thetotal rateataroundl.5MHz.

We ervisagecathodepadreadouin Regions1 to 3 andanodewire (pad)readoutn Region
4. The cathodepadsin Region 3 areeasilyaccessibldrom the chambeisidesasthe chambers
areonly 20cmwide.

SinceRgyions 1 and 2 are subjectto the highestrateswithin the muon systemand the
accumulateacthageis well above 1C/cmover 10 LHC years(Table 1), cathodepadchambers
asdiscussedn this notearenot proposedor this area.Micro gapchamberg2] operatedwith
the samegasmixture might be a possiblecandidateor this area.

2.2 StationsM2 to M5

Stations2 and 3 have a similar layoutandimposethe strongestequirementgrom granularity
pointof view: 6.25mmin z in Region 1. However, sincetheoccupang is significantlysmaller
thanin StationM1, logical stripscanbeused.

The building blocksfor Regions1 and 2 of thesestationsare small chamberswherethe
requiredz-granularityis givenby anodewire padsandthey-granularityby cathodgpadswithin
the samechamber Four of thesebuilding blocksare combinedin a modulefor Region 2, as
depictedn Figure4. For Region 1 the building blockshave the sameheightbut evenlesswidth
(cf. Figureb), in orderto allow amodularstructureof thewholesystenwith acceptablehannel
occupanyg. Thetwo doublelayersin Regions1 and2 areput togetherin sucha way thatthe
distancebetweerthelayersalongthe z-axisis only 2.5cm. This reduceghe hit multiplicity in
thetwo layersdueto particlestraversingthe systemwith someangleto a minimumandhelps
to keepthe total thicknessper stationlow. Spaceof about3.5cm for the FE-boardwith the
amplifiershaperdiscriminatorchipsis foreseenon the sidesof eachbuilding block in these
regions.

Region 3 is madeof chambersvhich have only cathodepadreadout,similar to Station1.
Several (physical)padsin the horizontaland vertical planerespectrely are groupedtogether
to form logical strips. This hasthe greatadwantagethat no deteriorationto the requiredtime
resolutionis introducedby signalpropagatiorin strips. Sincethe surfaceof a physicalchannel
is anyway limited by the maximumcapacitancethe numberof additional(physical)channels
is rathersmall (10-15%).



Region 4 is madeof chamberswvith anodewire readoutonly, asin Region 4 of Station1.
Similar to Region 3, physicalpadsarecombinedto logical stripsin the horizontalandvertical
planes.

Stations4 and5 have againavery similarlayout. Thereadouf thechambersn thevarious
regionsfollows the onefor Stations2 and 3. However, the requirementsn z-granularityare
muchlessstringent.

2.3 General Aspects

Theoverlapof thechambersvithin astationhasbeenstudiedin detailandis sketchedn Figure
6. It demandsminimal amountof spacefor a doublelayer of double gap chambers:Four
timesthe sizeof a doublegapchamber(estimatedo 60mm) plus 50mm for a centralsupport
structure hangingfrom thetop. We believe that300mm spaceperstationis sufficientfor single
or doublelayerof doublegapchambers.

Theproposedayoutleadsto 160chambergerlayer The 16 chamberof Regions1 and2
of Stations2-5 aremadeof 4, 6 or 10 building blocksof smallchamberswhich arecombined
to modulesasdiscusse@bove.

A muonsystemwith two doublegaplayersin eachstationwould leadto a total of 1600
chambersand a sumof 140000physicalchannelqfront-endchannels)which arethencom-
binedto about25000logical channels.The costestimategivenin section7.2is basedon this
configuration.

Alternatively, one could think of a layout where Station4 is droppedandthreelayersof
doublegap chambersare usedinsteadin Stations3 and5, in orderto defineon onehanda
good seedfor the muontrigger processol(station3) andto rejecton the otheruncorrelated
backgroundstations3 and5).

Both configurationgrovide avery redundanandhighly efficientmuonsystemwhich s of
greatimportancean orderto achiese the physicsgoal of LHCb.
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>

cathodeo cathodealistanceg(2h) | 5mm

wire diameten(2r,) 30um

wire pitch (s) 1.5mm
equivalentcathoderadius(r.) 45mm

gas Ar/CO,/CF, 40/45/15
gainandvoltage 105 @ 3000V

breakdevn limit 3300V

gas Ar/CO,/C5HoF, 40/45/15
gainandvoltage 10° @ 3100V

breakdaevn limit 3700V

Table2 Somedetectomparameters.

3 Geometryand Principle

The chambergeometryis shovn in Figure7. Onechamberconsistsof two gapseachhaving
wires strungat a pitch of 1.5mm. Someimportantparametersirelistedin Table3. A particle
traversingthesetwo gapswill ionizethe gasleaving in total on averagel00 primary electrons
electrongFigure8).

Theelectricfield in thechambelis givenby

S xh Va Vo
S

Bu= ' Eo= (1)

Te = or¢ © rglog(re) slog(22)

where £, is thefield on the anodewire surfaceand E. is thefield on the cathodesurface.
For avoltageof 3000V wefind acathoddield of about7900V/cm, sofor thediscussiorwe can
assumen averagefield in thedrift region of about8kV/cm. Figure9 shaws the drift velocity
for differentgasesassimulatecoy MAGBOLTZ.

The chambersperateat a gasgainaround10® which requires3000V for the Ar/CO,/CF,
40/45/15mixture and about100V morefor the Ar/CO,/CyH5F, mixture. The movementof
the ions producedin the avalancheinducesa negative currentsignal on the wire wherethe
avalanchehappenedinda positive currentsignalon the neighbouringwires andthe cathodes.
Sincethesumof all inducedsignalson all electrodess zero,thesignalinducedon onecathode
is half of thewire signal.
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Figure 10 Schematiof a chambelprototype. The capacitancef the padsandthe wiresis the main

sourceof noise.

By connectingsereral wires one gets a so called Wire-Pad, by segmenting the cathode
onearrivesat a Cathode-Bd. Figure 10 shows the segmentationof a prototypechamberthat
wasusedin thetestbeam.
The full width of half maximumof the chage distribution inducedon the cathodepadsis
of the order of the anode cathodespacingwhich is 2.5mm in our case. A particle passing
the chamberexactly betweentwo padswill inducehalf the signalon both pads.If the particle
crosseghe chamber2.5mm from the edgeof a pad,90% of the chage is inducedon one pad
andonly 10%is inducedon the otherpad. Sincemostof the cathodepadsaresereralcm large,

the’'crosstalk’ dueto this effectis small.
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Max. Wire Pad Capacitance | 200pF
Max. CathodePad Capacitance 100pF
Max. Rateperchannel 1.6MHz
Max. Dose < 1MRad

Table3 Someparametersleterminingthe electronicservironment. In alarge partof the systemthe
ratesanddosesareordersof magnitudesmaller

4 Electronics

In orderto achiere goodtiming resolutionat reasonablyow gasgain,thefront-endelectronics
is requiredto have shortpeakingtime (aroundl0ns)andlow noisefor detectorcapacitancesf

up to 200pF. The high ratesin someof the detectomregionsrequirein additionoptimizedtail

cancellatiomrandbaselinerestoratiorcircuits aswell asradiationhardtechnologies.Sincethe
ratesand occupancievary strongly over the whole detectorwe might usedifferentfront-end
chipsin differentdetectorregions. A few importantsystemparametergor the currentlayout
arelistedin Table4.1.

4.1 Signal Characteristics, Peaking Time

Themovementof theavalanchdaonsinducesa currentof theform

2 T
) q q 1 T, log i
i) = —LowBew) - 5l =T @

wheret, hasvaluesbetweenl.5-2nsfor our geometry Thetotal chageinducedafteratime 7'
is then

log(1 + +) 3)

t —
Q) QIOgZ—Z to

Figure 11 shaws the inducedchage versustime for a single primary electronin the chamber
andagasgainof 10°. Thisfiguretogethemwith thefactthatwe expecton averagel00 primary
electrondn thechambersetsthe scalefor therequiredfront-endsensitvity.

4.2 NoiseCharacteristics

In additionto diffusionandthe spatialdistribution of the primaryionizationelectronsthereso-
lution is affectedby time slewing dueto pulseheightfluctuationgFigure12). This contribution
is minimalfor low thresholdandfastsignalrisetime. Thelowestpossiblethresholdhoweveris
setby thenoisewhich alsodepend®nthefront-endpeakingtime. Theequivalentnoisechage
dueto serialandparallelnoiseis givenby

ENC? = —e 02/ £t dt+—z / £t) %)

where f(t) is the normalizedfront-enddelta-response;’ is the detector+ input capacitance.
The parameters,, andi,, arethe serialandparallelnoisedensitiesvhich dependon the front-
enddesignandtechnology Typical valuesaree,, ~ 1 — 2nV/vHz andi, ~ 2 — 3pA/vV Hz.
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Approximatingthe signalleadingedgeby a straightline andsettingthe thresholdo the lowest
possiblevalue (5o of the noise)we find thetime slewing contributionto be

2 b
tyenC\faty, s +

G x log(1 + %)

Oy X

()

whereaandb aredimensionlessonstantsharacterizinghe shapeof thedeltaresponsandG
is the gasgain. We seethatthetime slewing effect is proportionalto the detectorcapacitance
andinverselyproportionalto the gasgain. The functionhasa minimumatt, < 3.92¢,, sothe
optimumpeakingtime for theWPCsandCPCsis < 8 ns. Sincevery highbandwidthamplifiers
arenotdesiredn alarge systemwe wanta peakingtime around10 ns.

4.3 Front-endinput resistanceand capacitance

The capacitanceleterminingthe serialnoiseis the detectorcapacitanc@lusinput capacitance.
Thereforethe input capacitancehouldbe aslow aspossible. The detectorcapacitance”,.;
togetherwith the front-endinput resistanceR;,, definea time constantr;,, = R;,Cy.: Which
actsas an integration stage. Thereforethe chambersignal effectively *sees’a circuit which
consistf anintegratortogethemwith the preampcircuit, i.e. R;, andC},; decreas¢he system
peakingtime. In orderto limit this peakingtime dependencen the detectorcapacitancehe
inputresistanceshouldbe assmallaspossible.

4.4 Tail cancellation

In the LHCb muonsystemwe expectratesperchannelof upto 1.6 MHz. In orderto minimize
the inefficiency dueto signal pile-up the signal pulse width hasto be as shortas possible.
Figure 13 shaws the inefficiency dueto pile-up for differentratesand pulsewidth. Sincethe
wire chambeisignalhasa very longtail we needa dedicatedilter circuit to achieve this goal.

4.5 BaselineRestoration

In orderto avoid baselindluctuationsgdueto high channebccupancieghefront endshoulduse
eitherabipolarshapingcircuit or adedicatedaselingestoratiorcircuit. Sincebipolarshaping
increaseshedead-timeby almostafactor2, aunipolarshapingschemedogethemwith abaseline
restorelis favoured.

4.6 Candidate Electronics

Two typesof electronicswere usedfor WPC and CPCtests,one othercandidatds currently
underinvestigationanda dedicatecchip developmentprogramis underway at CERN. Their
characteristicearesummarizedn Table4.2. The ’'PNPI electronics’consistof a preamplifier
and a separatemain amplifier realized as discrete SMD components. This electronicsis
optimizedfor this type of WPCandCPCchamberandwill thereforebe usedasour reference
shawving the optimumperformancef the chamberAs it is built with discretecomponent# is
considereadhot practicalfor our application.
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Figure 13 Efficiengy for atime window of 25nsanddifferentratesandpulsewidthsfor uncorrelated
background.

The so called’SONY chip’ [3], was developedfor the ATLAS TGC chambersandis a
possiblecandidatefor usein LHCb. This chip is however slower and, dueto its high input
resistancethe performanceldegradesquickly for large input capacitancesMoreover the chip
is not sufficiently radiationhardfor the innermostregions of the muon system. Thereforeit
is only suitablefor the outerregionswherethe doserateis low andthe useof high gasgain
doesnt leadto ageingproblems.

For thehighrateregionswe considerthe ASDQ chip [4] whichis amodifiedversionof the
ASDBLR chip[5] usedfor the ATLAS TRT. The ASDQ wasdevelopedfor thecentraltracking
chamber(COT) at CDF and hasthe additionalfeatureof performinga chage measurement
which is encodedn a pulsewidth. It is radiationhard, hasa tail cancellationcircuit andan
active baselinerestorer Sincethe signalshapeof the WPC and CPCchamberss very similar
to the TRT and COT, the tail cancellationcircuit is well adaptedfor our needs. The output
pulsewidth is 25-30nsif usedin time-overthresholdmodeand45-50nsif usedin the chage
encodingmode. Sincethe input impedances very high (280¢2) the chip is only suitedfor
smallcapacitances.

A new chipdevelopmentusinga 0.25,m CMOStechnologywhichis expectedo beradia-
tion hardis currentlyunderway at CERN.If successfulthis chipwould alsobea candidatdor
the highrateenvironment.

17



\ model \ PNPI \ SONY \ ASDQ \
technology discretecomp.| SONY Bipolar | MAXIM Bipolar
inputresistance 25¢) 80¢2 26012
peakingtime @ C,.;=0 ans 1lins 8ns
peakingtime @ C,.;=100pF | 7ns 20ns
ENC @ 10pF 1800e- 1500e- 2300e-
sensitvity @ C,.;=0 10mV/fC 5.6mV/fC 25mV/fC
sensitvity @ C,.;=100pF 6mV/fC 3.5mVI/fC
RadiationLimit >50kRad > 5MRad
Av. Pulsevidth @ 100pF 60ns 90ns 25ns
Baselinerestoration no yes yes
Max. ratetested 1MHz 15MHz
Channels/Chip 4 8
Paver Consumption/channel 59mwW 40mwW
CostperChannel 1.7SFr 4SFr

Table4 Someelectronicparameters.
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Table5 Percentagef eventswith hitsin the neighbouringpadswithin 20 ns
| Electronics| GasMixture | GasGain | AnodePads| CathodePads |

a) PNPI Ar/CO,/CF, 2x 10° 4% 3%
b) SONY Ar/CO,/CF, 2x 10° 5% 4%
c) SONY | Ar/CO,/CyHyFy | 4x 10° 20% 13%

5 Performance

Several WPC and CPC prototypeswere testedin the T7 and T11 beamsat CERN. A CPC
prototypewith variouspadsizes(from 1 x 2cmto 8 x 16 cm) wasconstructecandtestedin
autumn1998,usingthereadoutdesignpresentedn the TechnicalProposa[7] andwasshowvn
to bereliable.

A first WPC prototypewith wire padreadoutonly wastestedin May 1999. FurtherWPC
prototypeshave beentestedin November1999. They containedcathodestrips as well as
cathodepads. Herewe presentresultsfrom the prototypeshown in Figure 10, with wire pads
4 x 16 cn? largeandcathodepads4 x 8 cn? large.

Figure14 shownstheefficiengy asafunctionof the high voltagefor the gasAr/CO,/CyHoFy
40/45/15usingthe SONY chip. Cutswere appliedin the chage and numberof hits in the
scintillatorsin orderto selectsingleparticleevents.For atime window of 25nsthe chambelis
fully efficient at a voltageof 3.25kV correspondindo a gasgainof 2 x 10°. To getto 99%
efficiengy in 20 ns, it is necessaryo operateat highergain,namelyat 3.4kV. Thechambemwas
operatedup to 3.7kV beforebreakdeovn occured.Hence,in the outerdetectoregions,where
the ratesandthereforethe total chage depositsarelow, onehasstill alarge operatingplateau
of 300V whichis very corvenient.Figure 15 shavs an exampleof thetime distribution at the
working point. Thetime resolution(RMS) is about3.0-4nsfor theanodesand3-4.5nsfor the
cathodesn the operatingrangeof 3.25-3.5kV. The measuredhift of the meanarrival time is
aboutl.5-2ns/ 100V.

As discussedn thelastsection the peakingtime andthe sensitvity of the SONY chip de-
creasesapidly for increasednputcapacitanceThereforejn additionto thechambegeometry
thetimeresolutionis largely influencedby the electronics Usingoptimizedelectronicoonecan
improve the performanceo arrive at high efficiency evenfor lower gasgain. Figure17 showns
a comparisorbetweerthe efficienciesobtainedwith SONY chip andPNPI electronicdor the
standardgasmixture Ar/CO,/CF, (40/45/15).Figure 16 compareghe time resolutionfor the
PNPlandSONY electronics.

To studycrosstalkeventswere selectedusingthe bestpossiblechoiceof hodoscopehan-
nels,in orderto have the particlescrossingthe centerof the padandstill have enoughstatistics.
Table5 presentghe percentagef eventswhich have morethanone hit within the 20 nstime
window. Sincethe gasAr/CO,/C,H,F, allows operationof the chamberat highergasgain,
whichis necessaryor thew SONY chip, theincreaseof crosstalkatthe correspondingoltage
is explained. Optimizationscanbe doneto decreas¢he capacitve couplingbetweerthe pads,
reducingthenthe crosstalkandclustersize.

In orderto analyse¢he dependencef theefficiency onrate,includingpile-upeffects,events
wereselectedwith atleastonehit in the scintillatorsfacingthe padandno cut on the chage
wasapplied.Eventswith hits onthehodoscopsatripsfacingneighboringoadswererejectedjn
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Runs 5514 to 5519
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Figure 14 Efficiengy versusvoltagefor differenttime windows for the gasAr/CO»/CyHsF4 usingthe
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Figure 17 Efficiency versusvoltagefor the gasAr/CO./CF, 40/45/15.Thetop figure shavs the per
formanceusingthe SONY chip, the bottomfigure shaws the performanceusingthe PNPI electronics.
For this gasagainof 2 x 10° requires3.15kV.
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orderto reducecrosstalkandothereffects.
Figure19 showvstheefficiency asafunctionof theratemeasuredn theanodepadsequiped

with SONY electronics.The gasgainis 2x10°. The efficiency in 20 nsis reducedoy ~2%
whentherateincreases$o ~720KHz.
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6 Ageing

Detailedageingstudiesof the wire chamberdave beenperformedat PNPIin the frameavork
of the CMS End CapMuon SystemprogrammgCMS Note 1999/011).Oneshouldstresghat
theWPC/CPCchamberaremadepreciselyfrom thesamematerialsasthe CMS chamberand
usethe samegasmixture. Therefore the resultsobtainedfor the CMS chambersare directly
applicableto the proposedVPC/CPCchambersThesetestsshavedthatwith the gasmixtures
Ar/CO,/CF, in the relative proportions30/50/20aswell as40/50/10the deteriorationof the
chamberperformancggasgain and dark currents)was not obsened up to the accumulated
chagesof 13 Coul/cmwire. Note however thatthe irradiationof the chambersvaslocal with
aSr-90 betasource.

Theglobalirradiationtestsof the CMS chamberdave beenstartedastyearat GIF facility
at CERN. So far only a modestaccumulatecchage hasbeencollected( 0.2 Coul/cmwire).
Theseestswill becontinuedn March/April 2000. We areplanningto performthelocal ageing
testsat PNPIwith the Ar/CO,/C;H;,F, gasmixturesusinga WPC prototype. Thesetestswill
bestartedn Feb2000.Also globalageingtestsof the WPCfilled with the Ar/CO,/C,H,F, gas
mixtureareplannedo beperformedat GIF in March/April 2000in parallelwith the CMS tests.
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7 Realization

7.1 Construction

The WPC/CPCchambersare specially designedto make their constructionas simple as
possible.Thewiresarewoundalongthe shortsideof the chambeithatmake it possibleto use
the smallwire spacing(1.5 mm) neededor goodtime resolutionwithout additionalsupport
structure. The WPCchambersisesimplecathodeplaneswithoutany pad/stripstructure. There
is no severerequiremento the flatnessof the cathodeplaneto be producedn industry

The FE-electronicsis arrangedin a very simple way on the chamberbody. The con-
struction of such chamberscan be easily organisedin ary physicslaboratory The WPC
chamberwill beusedin Reggion 4 of the LHCb Muon Systemcoveringabout75% of thetotal
area. The CPCchambersiesignedor Region 3 have a very simple cathodepadstructure: 2
rows of 4 x 10 cm? padswith readoufrom bothsidesof thechamberTheconstructiorof these
chamberss not muchdifferentfrom the WPC construction A similartype of constructiorwill
beusedin Region2 and1 of M2 - M5.

PNPI hasmary yearsexperiencein wire chamberconstruction. At presentthe institute
is involved in the constructionof the CathodeStrip Chamberdor the CMS End Cap Muon
System[8] which hasclosesimilarity with the LHCb chambers PNPIcanorganisea special
productionline of the WPC/CPCchambersandwould be ableto assemblen essentiapart of
thesechambersTheproductionschemessumethattherewill beatleastonemoreproduction
line in someotherlaboratoryandthat the major partsfor the chamberswill be producedby
collaboratinggroupswith involvementof industry

7.2 Costing

Table7.2 showvs the costestimatesor the muonsystem.To estimatehe manpaver we consid-
eredonechambeperweekperperson.Thecontribtutiongo thetotal costwhich aretechnology
specificare mainly the chambersFE-chipandboardsandHV andgassystems.they amount
to slightly lessthan2450kCHFE. Someof the estimatedor partsof the electronicschainneed
further substantiation As the total budgetfor the muonsystemis about6000Kk, the final sum
leavesabout500k availablefor manpaver.
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Chambers Cu-panels 150-200SFr/nt
Wires0.15SFrim? 200-300SFr/n?
Spacers 100SFr/nt
Alu Framesetc. 80SFr/nt
for total 870m? 950kSFr
Assembly 40maryears
Electronics Feboardandchip 850k
shortLVDS links 350k
intermediatéoards 350k
Off detectorelectronics | 500k
VME crates+controller | 200k
total 2250k
testsandassembly 20maryears
ServiceSystems| HV 450k
LV 70k
Gassystem 200k
total 720k
Various supports 250k
tooling 200k
Iron Filter modif 500k
monitoring 50k
total 1000k
Total Sum 4920k
with contingeng of 10% | 5410k

Table6 Costoverview.
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8 Conclusions

¢ WPCsandCPCshave shovnto satisfytherequirement$or almosttheentireLHCb muon
system.

e Exceptfor Region 1 andRegion2in M1, theaccumulate@hagein 10yearsof operation
is lessthat1 C/cm.

e For Reggions3 and4 in stationsM3 to M5 theratesarelow enoughto allow a gasgain of
upto 5x10°, henceusingthe SONY chipwill provide satishctoryoperation.

e For M1 andtheinnerregionsof M2-M5 thehighratesrequiregasgainlessthan2x 10°, so
for safeoperatiomafront endelectronichip mustbefoundthatmatchegheperformance
of the PNPIchip andalsocanstanda doseof upto 1 MRad.

e Detectorssimilarto CPCS5s but with differentgainandgeometryare underdevelopment
for the hot spotsin M1.
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