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Abstract

A proposalfor Wire-Pad-ChambersandCathode-Pad-Chambersfor the LHCb Muon
Systemis presented.It is shown that a single technologysatisfiesthe requiremetnsof
almost the entire detector, garanteeingmaximumuniformity. The muon systemlayout
basedon this technologyis shown, andthechambergeometryspecificationstogetherwith
electronicsconsiderationsarediscussed.Am overview of prototyperesultsarepresented,
followedby considerationson ageing.Finally constructionandcostissuesareoutlined.



1 Intr oduction

The taskfor the muonchambersin LHCb is to detectmuonswithin a time window of 25ns
with very high efficiency (

�
99%)with positionresolutionin X andY rangingfrom 0.5cm to

30cm. Weexpectparticleratesof up to 560kHz/cm� , soin additionthechambershaveto cope
with high ratesandlargechargedepositsover10 yearsof operation.

Wire Pad Chambers(WPCs) and CathodePad Chambers(CPCs) are able to satisfy all
theserequirementsin all the regionsof thedetector. Table1 shows theratesandaccumulated
chargesfor theentiredetector.

Except for Region1 and Region2 in M1, the total accumulatedcharge in 10 yearsof op-
erationis lessthat 1 C/cmwhich wasprovento be a saferangewith respectto agingeffects.
The only detectorlimitation of WPCsandCPCswould be gasgain dropdueto spacecharge
effectsin thedetectorgaswhicharehowevernegligible up to ratesof 1 MHz/cm� .
Two advantagesof WPCsandCPCsweconsiderto bemostimportant:

� The technologycan be usedin almost the entire detector, guaranteeingmaximum
uniformity.

� WPCs and CPCsare ordinary Multi Wir e Proportional Chamberswhich are very
robust and whoseperformanceis very well understoodand can bewell simulated.
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Table 1 Ratesandaccumulatedchargesin thedetectorfor WPCsandCPCs.Thecharge is calculated
assumingagasgainof 1.6�����
	 .

Station M1 M2 M3 M4 M5

Rate/�� � /interaction ����������� ��������������� ����������� ��������������� ��� �����������
R1 Rate@ ���!��� � � (kHz/�"�#� ) 280 10 8 4.8 4.8

Rate/��#� + safety(kHz/�"�#� ) 560 50 400 24 24
C/cm/10years@ ��� �$����� � � 4.2 0.75 0.6 0.36 0.36
Rate/channelwire pad(kHz) – 780 730 500 580
Rate/channelcathodePad(kHz) 1400 590 550 500 580
Rate/��#� /interaction %������ ��� ����������� ��� ������� � 	 ���&����� � 	 ' ����� ��(

R2 Rate@ ���!��� � � (kHz/�"�#� ) 160 4.8 0.8 0.4 0.3
Rate+ safety(kHz/�"� � ) 320 24 4 2 1.6
C/cm/10years@ ��� �$�����)� � 2.4 0.36 0.06 0.03 0.024
Rate/channelwire pad(kHz) – 750 150 170 150
Rate/channelcathodepad(kHz) 1600 560 220 130 120
Rate/�� � /interaction �*����� ��� %+���,� � 	 %������ ��( - ���,� ��( - ����� ��(

R3 Rate@ ���!���)� � (kHz/�"� � ) 40 1.6 0.16 0.12 0.12
Rate/+ safety(kHz/�� � ) 80 8 0.8 0.6 0.6
C/cm/10years@ ��� �$�����)� � 0.6 0.12 0.012 0.009 0.009
Rate/channelcathodepad 1600 250 30 50 60
Rate/�� � /interaction - ��������� �+���,����( �*��������( �������������/. - ��������(

R4 Rate@ ���!���)� � (kHz/�"� � ) 10 0.2 0.04 0.03 0.12
Rate/+ safety(kHz/��#� ) 20 1 0.2 0.15 0.6
C/cm/10years@ ��� �$�����)� � 0.18 0.015 0.003 0.002 0.009
Rate/channelwire pad 1600 130 30 115 60
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2 Muon SystemLayout

Themuonchamberlayoutis basedontheconceptof projectivity betweenthefivemuonstations.
It is fully conformto thesocalled”logical layout” describedelsewhere[1] andis built with the
smallestpossiblenumberof different chambertypes,correspondingto the four regions. In
particularfor Regions1 and2 it representsanoptimalsolutionfrom point of view of matching
betweengranularityandnumberof FE-electronicschannelsrequired.

A schematicview of aquadrantof stations1, 2 and5 is givenin Figures1-3. They indicate
aswell thechamberdimensionsfor thevariousregionsandstations.

2.1 Station M1

Dueto thehigh occupancy in StationM1 theuseof logical stripsis not possiblein any of the
four regions. Furthermore,the logical padsto beusedin thetriggerhave to besplit further in
regions2-4 into smallerphysicalpadsin orderto staywith thetotal rateat around1.5MHz.

Weenvisagecathodepadreadoutin Regions1 to 3 andanodewire (pad)readoutin Region
4. Thecathodepadsin Region 3 areeasilyaccessiblefrom thechambersidesasthechambers
areonly 20cmwide.

SinceRegions 1 and 2 are subjectto the highestrateswithin the muon systemand the
accumulatedcharge is well above 1C/cmover 10 LHC years(Table1), cathodepadchambers
asdiscussedin this notearenot proposedfor this area.Micro gapchambers[2] operatedwith
thesamegasmixturemight beapossiblecandidatefor this area.

2.2 StationsM2 to M5

Stations2 and3 have a similar layoutandimposethestrongestrequirementsfrom granularity
pointof view: 6.25mmin 0 in Region1. However, sincetheoccupancy is significantlysmaller
thanin StationM1, logical stripscanbeused.

The building blocksfor Regions1 and2 of thesestationsaresmall chambers,wherethe
required0 -granularityis givenby anodewire padsandthe 1 -granularityby cathodepadswithin
the samechamber. Four of thesebuilding blocksarecombinedin a modulefor Region 2, as
depictedin Figure4. For Region1 thebuilding blockshavethesameheightbut evenlesswidth
(cf. Figure5), in orderto allow amodularstructureof thewholesystemwith acceptablechannel
occupancy. The two doublelayersin Regions1 and2 areput togetherin sucha way that the
distancebetweenthelayersalongthe 2 -axis is only 2.5cm. This reducesthehit multiplicity in
thetwo layersdueto particlestraversingthesystemwith someangleto a minimumandhelps
to keepthe total thicknessper stationlow. Spaceof about3.5cm for the FE-boardwith the
amplifier-shaper-discriminatorchips is foreseenon the sidesof eachbuilding block in these
regions.

Region 3 is madeof chamberswhich have only cathodepadreadout,similar to Station1.
Several (physical)padsin the horizontalandvertical planerespectively aregroupedtogether
to form logical strips. This hasthe greatadvantagethat no deteriorationto the requiredtime
resolutionis introducedby signalpropagationin strips.Sincethesurfaceof aphysicalchannel
is anyway limited by themaximumcapacitance,thenumberof additional(physical)channels
is rathersmall(10-15%).
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Region 4 is madeof chamberswith anodewire readoutonly, asin Region 4 of Station1.
Similar to Region 3, physicalpadsarecombinedto logical stripsin thehorizontalandvertical
planes.

Stations4 and5 haveagainaverysimilar layout.Thereadoutof thechambersin thevarious
regionsfollows the onefor Stations2 and3. However, the requirementsin 0 -granularityare
muchlessstringent.

2.3 General Aspects

Theoverlapof thechamberswithin astationhasbeenstudiedin detailandis sketchedin Figure
6. It demandsminimal amountof spacefor a double layer of doublegap chambers:Four
timesthesizeof a doublegapchamber(estimatedto 60mm) plus50mm for a centralsupport
structure,hangingfrom thetop. Webelievethat300mmspaceperstationis sufficientfor single
or doublelayerof doublegapchambers.

Theproposedlayoutleadsto 160chambersperlayer. The16 chambersof Regions1 and2
of Stations2-5 aremadeof 4, 6 or 10 building blocksof smallchambers,which arecombined
to modulesasdiscussedabove.

A muonsystemwith two doublegaplayersin eachstationwould leadto a total of 1600
chambersanda sumof 140000physicalchannels(front-endchannels),which arethencom-
binedto about25000logical channels.Thecostestimategiven in section7.2 is basedon this
configuration.

Alternatively, onecould think of a layout whereStation4 is droppedandthreelayersof
doublegapchambersare usedinsteadin Stations3 and5, in order to defineon onehanda
goodseedfor the muon trigger processor(station3) and to rejecton the other uncorrelated
background(stations3 and5).

Bothconfigurationsprovideaveryredundantandhighly efficientmuonsystem,which is of
greatimportancein orderto achieve thephysicsgoalof LHCb.
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Figure1 Layoutof Station1.
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Figure2 Layoutof Station2.
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Figure3 Layoutof Station5.
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Figure 4 Building blocksfor Region1 andRegion2.
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Figure 5 Detail of Region1 building blocks.
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Figure 6 Detail of chamberoverlap.
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Figure7 Crosssectionof aWPCor CPCchamber. Theleft figureshows thewholechamber, theright
figureshows asinglegap.

cathodeto cathodedistance(2h) 5mm
wire diameter(2354 ) 30 67�
wire pitch (s) 1.5mm
equivalentcathoderadius(358 ) 45mm
gas Ar/CO�

9�:$;
� 40/45/15

gainandvoltage ��� 	 @ 3000V
breakdown limit 3300V
gas Ar/CO�

9�:
� H� F� 40/45/15

gainandvoltage ��� 	 @ 3100V
breakdown limit 3700V

Table2 Somedetectorparameters.

3 Geometryand Principle

The chambergeometryis shown in Figure7. Onechamberconsistsof two gapseachhaving
wiresstrungat a pitch of 1.5mm. Someimportantparametersarelisted in Table3. A particle
traversingthesetwo gapswill ionize thegasleaving in total on average100primaryelectrons
electrons(Figure8).

Theelectricfield in thechamberis givenby

358=< >��?A@
BDCE F 4G<

H 4
354JILKNMPODQSRQUT

V F 8=<
H 4W?

> I�KNM&ODQSRQUT
V (1)

where F 4 is thefield on theanodewire surfaceand F 8 is thefield on thecathodesurface.
For avoltageof 3000V wefind acathodefield of about7900V/cm,sofor thediscussionwecan
assumeanaveragefield in thedrift region of about8kV/cm. Figure9 shows thedrift velocity
for differentgasesassimulatedby MAGBOLTZ.

Thechambersoperateat a gasgainaround ��� 	 which requires3000V for theAr/CO� /CF�
40/45/15mixture andabout100V more for the Ar/CO� /C� H� F� mixture. The movementof
the ions producedin the avalancheinducesa negative currentsignal on the wire wherethe
avalanchehappenedanda positive currentsignalon theneighbouringwiresandthecathodes.
Sincethesumof all inducedsignalsonall electrodesis zero,thesignalinducedononecathode
is half of thewire signal.
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Figure 10 Schematicof a chamberprototype.Thecapacitanceof thepadsandthewires is themain
sourceof noise.

By connectingseveral wires one gets a so called Wire-Pad, by segmenting the cathode
onearrivesat a Cathode-Pad. Figure10 shows the segmentationof a prototypechamberthat
wasusedin thetestbeam.

The full width of half maximumof thecharge distribution inducedon thecathodepadsis
of the orderof the anode- cathodespacingwhich is 2.5mm in our case. A particlepassing
thechamberexactly betweentwo padswill inducehalf thesignalon bothpads.If theparticle
crossesthechamber2.5mm from theedgeof a pad,90%of thecharge is inducedon onepad
andonly 10%is inducedon theotherpad.Sincemostof thecathodepadsareseveralcm large,
the’crosstalk’ dueto this effect is small.
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Max. Wire PadCapacitance 200pF
Max. CathodePadCapacitance 100pF
Max. Rateperchannel 1.6MHz
Max. Dose bc� MRad

Table 3 Someparametersdeterminingtheelectronicsenvironment. In a large partof the systemthe
ratesanddosesareordersof magnitudesmaller.

4 Electronics

In orderto achievegoodtiming resolutionat reasonablylow gasgain,thefront-endelectronics
is requiredto haveshortpeakingtime(around10ns)andlow noisefor detectorcapacitancesof
up to 200pF. Thehigh ratesin someof thedetectorregionsrequirein additionoptimizedtail
cancellationandbaselinerestorationcircuitsaswell asradiationhardtechnologies.Sincethe
ratesandoccupanciesvary stronglyover the wholedetectorwe might usedifferentfront-end
chipsin differentdetectorregions. A few importantsystemparametersfor the currentlayout
arelistedin Table4.1.

4.1 Signal Characteristics,Peaking Time

Themovementof theavalancheionsinducesacurrentof theform

d O e V <gfihHkjlO e V F O 3mO e VnV < h�=I�KNM Q RQ T
�

elopeq eqr< 3 �4 I�KNM Q RQUT� H 4D6 (2)

whereeq hasvaluesbetween1.5-2nsfor our geometry. Thetotal chargeinducedaftera time s
is then t

O e V < h�=ILK�M Q RQ T
I�KNMPOU��o e

eq
V

(3)

Figure11 shows the inducedcharge versustime for a singleprimary electronin the chamber
anda gasgainof ��� 	 . This figuretogetherwith thefactthatweexpecton average100primary
electronsin thechambersetsthescalefor therequiredfront-endsensitivity.

4.2 NoiseCharacteristics

In additionto diffusionandthespatialdistributionof theprimaryionizationelectrons,thereso-
lution is affectedby timeslewing dueto pulseheightfluctuations(Figure12). Thiscontribution
is minimal for low thresholdandfastsignalrisetime. Thelowestpossiblethresholdhowever is
setby thenoisewhichalsodependsonthefront-endpeakingtime. Theequivalentnoisecharge
dueto serialandparallelnoiseis givenby

F$u : � < �
�m@ �v : � w� w

xzy O e V �5{ e|o �
�

d � v w� w
x O e V ��{ e (4)

where
x O e V

is the normalizedfront-enddelta-response,
:

is the detector+ input capacitance.
Theparameters@ v and

d v aretheserialandparallelnoisedensitieswhich dependon thefront-
enddesignandtechnology. Typical valuesare @ v~} ��f���� H 9N� � 2 and

d v~} �*f -��/� 9N� � 2 .
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Approximatingthesignalleadingedgeby astraightline andsettingthethresholdto thelowest
possiblevalue(5 � of thenoise)wefind thetimeslewing contribution to be

���l� eS� @ v : � eS������� ��n� � o���L�� ��ILKNMPOn��o � ���� V (5)

whereaandb aredimensionlessconstantscharacterizingtheshapeof thedeltaresponseandG
is thegasgain. We seethat the time slewing effect is proportionalto thedetectorcapacitance
andinverselyproportionalto thegasgain. Thefunctionhasa minimumat eS� b - � ¡N�¢eq , sothe
optimumpeakingtimefor theWPCsandCPCsis b ' � > . Sinceveryhighbandwidthamplifiers
arenotdesiredin a largesystemwewantapeakingtimearound ���¢� > .

4.3 Front-end input resistanceand capacitance

Thecapacitancedeterminingtheserialnoiseis thedetectorcapacitanceplusinput capacitance.
Thereforethe input capacitanceshouldbe as low aspossible. The detectorcapacitance

:�£ � �
togetherwith the front-endinput resistance¤ � v definea time constant¥ � v <¦¤ � v

:�£ � � which
actsas an integrationstage. Thereforethe chambersignal effectively ’sees’a circuit which
consistsof anintegratortogetherwith thepreampcircuit, i.e. ¤ � v and

:�£ � � decreasethesystem
peakingtime. In orderto limit this peakingtime dependenceon the detectorcapacitancethe
input resistanceshouldbeassmallaspossible.

4.4 Tail cancellation

In theLHCb muonsystemwe expectratesperchannelof up to 1.6MHz. In orderto minimize
the inefficiency due to signal pile-up the signal pulsewidth hasto be as short as possible.
Figure13 shows the inefficiency dueto pile-up for differentratesandpulsewidth. Sincethe
wire chambersignalhasa very long tail weneeda dedicatedfilter circuit to achieve this goal.

4.5 BaselineRestoration

In orderto avoid baselinefluctuationsdueto highchanneloccupancies,thefront endshoulduse
eitherabipolarshapingcircuit or adedicatedbaselinerestorationcircuit. Sincebipolarshaping
increasesthedead-timeby almostafactor2, aunipolarshapingschemetogetherwith abaseline
restoreris favoured.

4.6 CandidateElectronics

Two typesof electronicswereusedfor WPC andCPCtests,oneothercandidateis currently
underinvestigationanda dedicatedchip developmentprogramis underway at CERN.Their
characteristicsaresummarizedin Table4.2. The ’PNPI electronics’consistsof a preamplifier
and a separatemain amplifier realizedas discreteSMD components. This electronicsis
optimizedfor this typeof WPCandCPCchambersandwill thereforebeusedasour reference
showing theoptimumperformanceof thechamber. As it is built with discretecomponentsit is
considerednot practicalfor ourapplication.
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Figure 13 Efficiency for a time window of 25nsanddifferentratesandpulsewidthsfor uncorrelated
background.

The so called ’SONY chip’ [3], was developedfor the ATLAS TGC chambersand is a
possiblecandidatefor usein LHCb. This chip is however slower and,due to its high input
resistance,theperformancedegradesquickly for large input capacitances.Moreover thechip
is not sufficiently radiationhard for the innermostregionsof the muonsystem. Thereforeit
is only suitablefor the outerregionswherethe doserateis low andthe useof high gasgain
doesn’t leadto ageingproblems.

For thehigh rateregionsweconsidertheASDQchip [4] which is amodifiedversionof the
ASDBLR chip [5] usedfor theATLAS TRT. TheASDQwasdevelopedfor thecentraltracking
chamber(COT) at CDF andhasthe additionalfeatureof performinga charge measurement
which is encodedin a pulsewidth. It is radiationhard,hasa tail cancellationcircuit andan
active baselinerestorer. Sincethesignalshapeof theWPCandCPCchambersis very similar
to the TRT andCOT, the tail cancellationcircuit is well adaptedfor our needs. The output
pulsewidth is 25-30ns if usedin time-over-thresholdmodeand45-50ns if usedin thecharge
encodingmode. Sincethe input impedanceis very high (280 ¨ ) the chip is only suitedfor
smallcapacitances.

A new chipdevelopmentusinga0.256 m CMOStechnologywhich is expectedto beradia-
tion hardis currentlyunderwayatCERN.If successful,thischipwouldalsobeacandidatefor
thehigh rateenvironment.
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model PNPI SONY ASDQ

technology discretecomp. SONY Bipolar MAXIM Bipolar
input resistance 25 ¨ 80 ¨ 260 ¨
peakingtime@ C

£ � � =0 4ns 11ns 8ns
peakingtime@ C

£ � � =100pF 7ns 20ns
ENC@ 10pF 1800e- 1500e- 2300e-
sensitivity @ C

£ � � =0 10mV/fC 5.6mV/fC 25mV/fC
sensitivity @ C

£ � � =100pF 6mV/fC 3.5mV/fC
RadiationLimit

�
50kRad

�
5MRad

Av. Pulsewidth @ 100pF 60ns 90ns 25ns
Baselinerestoration no yes yes
Max. ratetested 1MHz 15MHz
Channels/Chip 4 8
PowerConsumption/channel 59mW 40mW
CostperChannel 1.7SFr 4SFr

Table4 Someelectronicsparameters.
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Table5 Percentageof eventswith hits in theneighbouringpadswithin 20ns

Electronics GasMixture GasGain AnodePads CathodePads

a)PNPI Ar/CO� /CF� 2 � 10	 4% 3%
b) SONY Ar/CO� /CF� 2 � 10	 5%́ 4%́
c) SONY Ar/CO�

9N:
� H� F� 4 � 10	 20% 13%

5 Performance

Several WPC and CPC prototypeswere testedin the T7 and T11 beamsat CERN. A CPC
prototypewith variouspadsizes(from � �©� cm to ' �ª�,« cm) wasconstructedandtestedin
autumn1998,usingthereadoutdesignpresentedin theTechnicalProposal[7] andwasshown
to bereliable.

A first WPCprototypewith wire padreadoutonly wastestedin May 1999. FurtherWPC
prototypeshave beentestedin November1999. They containedcathodestrips as well as
cathodepads.Herewe presentresultsfrom theprototypeshown in Figure10, with wire pads%�����« cm� largeandcathodepads%�� ' cm� large.

Figure14showstheefficiency asa functionof thehighvoltagefor thegasAr/CO� /C� H� F�
40/45/15using the SONY chip. Cuts were appliedin the charge andnumberof hits in the
scintillatorsin orderto selectsingleparticleevents.For a time window of 25nsthechamberis
fully efficient at a voltageof 3.25kV correspondingto a gasgainof �¬���� 	 . To get to 99%
efficiency in 20ns,it is necessaryto operateathighergain,namelyat3.4kV. Thechamberwas
operatedup to 3.7kV beforebreakdown occured.Hence,in theouterdetectorregions,where
theratesandthereforethetotal chargedepositsarelow, onehasstill a largeoperatingplateau
of 300V which is very convenient.Figure15 shows anexampleof thetime distribution at the
working point. Thetime resolution(RMS) is about3.0-4nsfor theanodesand3-4.5nsfor the
cathodesin theoperatingrangeof 3.25-3.5kV. Themeasuredshift of themeanarrival time is
about1.5-2ns/ 100V.

As discussedin thelastsection,thepeakingtime andthesensitivity of theSONY chip de-
creasesrapidlyfor increasedinputcapacitance.Therefore,in additionto thechambergeometry,
thetimeresolutionis largely influencedby theelectronics.Usingoptimizedelectronicsonecan
improve theperformanceto arrive at high efficiency evenfor lower gasgain. Figure17 shows
a comparisonbetweentheefficienciesobtainedwith SONY chip andPNPIelectronicsfor the
standardgasmixtureAr/CO� /CF� (40/45/15).Figure16 comparesthe time resolutionfor the
PNPIandSONYelectronics.

To studycrosstalkeventswereselectedusingthebestpossiblechoiceof hodoscopechan-
nels,in orderto havetheparticlescrossingthecenterof thepadandstill haveenoughstatistics.
Table5 presentsthepercentageof eventswhich have morethanonehit within the20 ns time
window. Sincethe gasAr/CO� /C� H� F� allows operationof the chamberat highergasgain,
which is necessaryfor thew SONY chip, theincreaseof crosstalkat thecorrespondingvoltage
is explained.Optimizationscanbedoneto decreasethecapacitive couplingbetweenthepads,
reducingthenthecrosstalkandclustersize.

In orderto analysethedependenceof theefficiency onrate,includingpile-upeffects,events
wereselectedwith at leastonehit in the scintillatorsfacingthe padandno cut on the charge
wasapplied.Eventswith hitson thehodoscopestripsfacingneighboringpadswererejected,in
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Figure 14 Efficiency versusvoltagefor differenttime windows for thegasAr/CO� /C� H� F� usingthe
SONY chip. Thecathodepadsare »k�½¼ cm, thewire pads(anode)are »¬�½��¾ cm. Thebottomfigure
shows thetime rmsandthemeanarrival timeshift versusvoltage.

20



0
¿


2
À
0

40

6
Á
0

8
Â
0

100

1
Ã
20

1
Ã
40

160

1
Ã
80

195 200 205 210 215 220 225 230 235 240 245

Run 5517 (3.4 kV)

E
Ä

ntr ies
M
Å

ean
RMS

           1395
  232.8
  3.365

Arr ival Time of hits on Anode PAD 5 (ns)

E
Ä

ntr ies
Mean
RMS

           1397
  228.5
  3.680

Arr ival Time of hits on Cathode PAD 5B (ns)

0
¿


2
À
0

4
Æ
0

6
Á
0

8
Â
0

1
Ã
00

1
Ã
20

140

1
Ã
60

1
Ã
80

1
Ã
95 2

À
00 2

À
05 2

À
10 2

À
15 2

À
20 2

À
25 2

À
30 2

À
35 2

À
40 2

À
45
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Figure 17 Efficiency versusvoltagefor thegasAr/CO� /CF� 40/45/15.Thetop figureshows theper-
formanceusingthe SONY chip, the bottomfigure shows the performanceusingthe PNPI electronics.
For thisgasagainof Ï*�Ð���
	 requires3.15kV.
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Figure 19 Efficiency versusratefor severaltimewindows (SONY electronics).

orderto reducecrosstalkandothereffects.
Figure19showstheefficiency asa functionof theratemeasuredin theanodepadsequiped

with SONY electronics.The gasgain is 2 � 10	 . The efficiency in 20 ns is reducedby ß 2%
whentherateincreasesto ß 720KHz.
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6 Ageing

Detailedageingstudiesof thewire chambershave beenperformedat PNPI in the framework
of theCMS EndCapMuon Systemprogramme(CMS Note1999/011).Oneshouldstressthat
theWPC/CPCchambersaremadepreciselyfrom thesamematerialsastheCMSchambersand
usethe samegasmixture. Therefore,the resultsobtainedfor the CMS chambersaredirectly
applicableto theproposedWPC/CPCchambers.Thesetestsshowedthatwith thegasmixtures
Ar/CO� /CF� in the relative proportions30/50/20aswell as40/50/10the deteriorationof the
chamberperformance(gasgain anddark currents)was not observed up to the accumulated
chargesof 13 Coul/cmwire. Notehowever that theirradiationof thechamberswaslocal with
aSr-90 betasource.

Theglobal irradiationtestsof theCMSchambershavebeenstartedlastyearat GIF facility
at CERN. So far only a modestaccumulatedcharge hasbeencollected( 0.2 Coul/cmwire).
Thesetestswill becontinuedin March/April 2000.Weareplanningto performthelocalageing
testsat PNPIwith theAr/CO� /C� H� F� gasmixturesusinga WPCprototype.Thesetestswill
bestartedin Feb2000.Also globalageingtestsof theWPCfilled with theAr/CO� /C� H� F� gas
mixtureareplannedto beperformedatGIF in March/April 2000in parallelwith theCMStests.

25



7 Realization

7.1 Construction

The WPC/CPCchambersare specially designedto make their constructionas simple as
possible.Thewiresarewoundalongtheshortsideof thechamberthatmake it possibleto use
the small wire spacing(1.5 mm) neededfor goodtime resolutionwithout additionalsupport
structure.TheWPCchambersusesimplecathodeplaneswithoutany pad/stripstructure.There
is no severerequirementto theflatnessof thecathodeplaneto beproducedin industry.

The FE-electronicsis arrangedin a very simple way on the chamberbody. The con-
struction of such chamberscan be easily organisedin any physics laboratory. The WPC
chamberswill beusedin Region 4 of theLHCb Muon Systemcoveringabout75%of thetotal
area.TheCPCchambersdesignedfor Region 3 have a very simplecathodepadstructure: 2
rowsof %à�á��� cm� padswith readoutfrom bothsidesof thechamber. Theconstructionof these
chambersis notmuchdifferentfrom theWPCconstruction.A similar typeof constructionwill
beusedin Region2 and1 of M2 - M5.

PNPI hasmany yearsexperiencein wire chamberconstruction. At presentthe institute
is involved in the constructionof the CathodeStrip Chambersfor the CMS End Cap Muon
System[8] which hasclosesimilarity with theLHCb chambers.PNPIcanorganisea special
productionline of theWPC/CPCchambersandwould beableto assembleanessentialpartof
thesechambers.Theproductionschemeassumesthattherewill beat leastonemoreproduction
line in someother laboratoryandthat the major partsfor the chamberswill be producedby
collaboratinggroupswith involvementof industry.

7.2 Costing

Table7.2shows thecostestimatesfor themuonsystem.To estimatethemanpowerweconsid-
eredonechamberperweekperperson.Thecontribtutionsto thetotalcostwhicharetechnology
specificaremainly thechambers,FE-chipandboardsandHV andgassystems.they amount
to slightly lessthan2450kCHF. Someof theestimatesfor partsof theelectronicschainneed
furthersubstantiation.As the total budgetfor themuonsystemis about6000k, thefinal sum
leavesabout500k availablefor manpower.
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Chambers Cu-panels 150-200SFr/m�
Wires0.15SFr/� � 200-300SFr/m�
Spacers 100SFr/m�
Alu Framesetc. 80SFr/m�
for total 870� � 950kSFr
Assembly 40manyears

Electronics Feboardandchip 850k
shortLVDS links 350k
intermediateboards 350k
Off detectorelectronics 500k
VME crates+controller 200k
total 2250k
testsandassembly 20manyears

ServiceSystems HV 450k
LV 70k
Gassystem 200k
total 720k

Various supports 250k
tooling 200k
Iron Filter modif 500k
monitoring 50k
total 1000k

TotalSum 4920k
with contingency of 10% 5410k

Table6 Costoverview.
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8 Conclusions
� WPCsandCPCshaveshownto satisfytherequirementsfor almosttheentireLHCb muon

system.

� Exceptfor Region1 andRegion2 in M1, theaccumulatedchargein 10yearsof operation
is lessthat1C/cm.

� For Regions3 and4 in stationsM3 to M5 theratesarelow enoughto allow agasgainof
up to 5 � �,� 	 , henceusingtheSONYchipwill providesatisfactoryoperation.

� ForM1 andtheinnerregionsof M2-M5 thehighratesrequiregasgainlessthan�7����� 	 , so
for safeoperationafrontendelectronicschipmustbefoundthatmatchestheperformance
of thePNPIchip andalsocanstandadoseof up to 1MRad.

� Detectorssimilar to CPC’s but with differentgainandgeometryareunderdevelopment
for thehotspotsin M1.
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