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Abstract

A four gapMWPC prototypefor region 1 of the muonstation2, with non-staggered
wires,wasbuilt andtested.Theconstructiondetailsandthetestresultsarepresented.



1 Intr oduction

TheLHCb muonsystem[1] will useMulti-Wire ProportionalChambers(MWPC) for thefour
regionsof stations2 and3, for regions3 and4 of station1 andfor regions1 and2 of stations4
and5. Thechambersvary in sizefor thedifferentstationsandregionsandthey have different
readoutpadsizesin thoseregions(see[2] for moredetails). In this note,theconstructionof a
MWPC prototypefor region 1 of station2 is described.The prototypeis an exact realization
of a chamberfor this region. It hasfour symmetricgasgapsandthe characteristicslisted in
table1.

Table1: Somechamberparametersandoperationconditions.

GasGapsize(mm) 5
Anode-Cathodespacing(mm) 2.5
Wire Diameter(� m) 30
Sensitivearea(mm� ) 300� 250
Wire pitch (mm) 1.5
Wire padsize(mm� ) 6.3� 250
Wire length(mm) 257
Cathodepadsize(mm� ) 37.5� 31.3
Wire Tension(gf) 60 � 10

NominalGasmixture �����
	�� � �	���� (40%50%10%)
Wire nominalpotential(V) 3150

The chamberhasa combinedreadoutof wire andcathodepadsasa consequenceof the
requiredgranularity.

2 Chamber Construction

The prototypewasbuilt in Rio (CEFET-RJ andLAPE/IF-UFRJ)with PCB-honeycomb-PCB
panelsas describedin the Muon SystemTDR [1]. The panels’flatnesswas measured(IN-
METRO1 andBargoa2) to be within ���� � m, which is betterthanthe requiredspecifications
(see[3]). Thewire fixation barswerealsomeasuredandgluedto thecathodepanels.Thean-
odeto cathodedistancewasinsuredbymeansof aprecisesteelspacerfixedto thosebars,during
thegluing of thewires. For thepresentprototypethewire fixation barswerenot machinedto
have a noseon theedgeswhich wasdonefor thepreviousprototypesto avoid discharges[3].
The resultsfor the dark currentandthe sparklimit show that this noseis not necessary. The
darkcurrentmeasuredwasof theorderof thenA andthesparklimit wasof about3.45kV.

The wiring wasdonein a latheasshown in thepictureof figure1. The wire tensionwas
guaranteedusinga calibrateddevice asshown in figure 2. This device hasa DC motor that
keepsthewire undertensionby applyinga torqueon thereel. TheDC voltageappliedto the
motorwascalibratedwith a60gf weight.

1InstitutoNacionaldeMetrologia,Normalizaç̃aoe QualidadeIndustrial,Rio deJaneiro
2BargoaConectores,Rio deJaneiro
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combs

Figure1: Oneof thecathodeplanesmountedto theframeto bewired in thelathe.

Figure2: Thedevice usedto garanteethewire tension.A DC motor is mountedon anendless
screw usedto advancethewire reel.
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Figure3: Schematicdrawing of thenon-staggeredwiring scheme.Thetwo differentcombsare
shown.

Sincethewire padsizeis very small(6.3mm,4 wiresonly), it wasrequiredthattheanode
planeshadnon-staggeredwiresto minimizecross-talkeffects.Thewiring wasdonewith combs
directly aroundthe cathodeplanes. Due to that, the combshad to be designedasshown in
figure3. Thetwo combsaredifferentfrom eachother, onehaving adoublescrew andtheother,
just parallelgrooves. Figure1 shows the combsmountedonto the framearoundthe cathode
planeon thelathe.After wiring thewire pitchwasmeasuredto be(1.501 � 0.018)mm,which
satisfiestherequiredprecision.

The wires werethengluedandsolderedto the wire fixation bars. Having the five panels
ready(two with thefour wire planes,thetwo outergroundplanesandthemiddlegroundplane),
thechamberwasmountedascanbeseenin thepicturesof figure4. On the right pictureone
canseethe mountingof theplanesandon the left, thechamberreadyto have the electronics
mountedto it.

3 TestResults

3.1 Front-End Electronics

Thechamberanodeandcathodecombinedreadoutis shown in figure5. Thefront-endscheme
is thesameof thepreviousprototypesusingtheASDQ++[4] asthefront-endchip. Eachfront-
end boardwas equippedwith two ASDQ++ chips, eachreading8 channels. The threshold
voltagewassetto 400mV(10fC) for theanodeand250mV(5fC) for thecathodereadout,since
for thelatterthesignalis sharedbetweenthetwo cathodeplanes.

Thechamberwasfully equippedwith thefront-endelectronicsbut only 32 channelscould
bereadoutat a timedueto thedataacquisitionlimited numberof TDC channels.Figure5 also
showsaschematicview of thechamberwith the8 cathodeand8 anodepadsof onedoublegap
readoutby the dataacquisitionsystem. The other16 channelsbelongsto the seconddouble
gap.The8 wire padscovera50 � 250mm� areaandthe8 cathodepads,a150 � 62mm� area.
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Figure4: Left: thefinal mountingof thechamberpanels.Right: The chamberreadyto have
theelectronicsmountedto it.
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Figure5: Left: Schematicdrawing of the chamberanodeandcathodepadsreadout. Right:
Combinedreadoutscheme.
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Figure6: Currentmeasuredwith theamericiumsource(zerosubtracted)versusthepadnumber
for doublegapsA (left) andB (right). The appliedhigh voltagewas3.0kV. The eight lower
points in the plot for the doublegapB correspondto one row of padson the borderof the
chamber(row of padsnumbers8 to 64 seenon thepictureon thecoverpage).

3.2 �
�� Am TestResults

After two daysof training(positivehigh voltageduringthedayandnegativeduringthenight),
thedetectorwastestedwith anamericiumsourceto seethecurrentuniformity in all detector
pads.Theresultsshow agooduniformity for oneof thedoublegaps(calleddoublegapA) anda
row of lowercurrentpadsontheseconddoublegap(doublegapB). Thoseresultsarepresented
in theplotsof figure6. Theeffect seenfor thedoublegapB is truefor bothsinglegapsB1 and
B2 which have a row of padswith lower currentandalsoa bananashapeddistribution. This
might indicateamechanicaldeformationor gapbarswith slightly differentwidths.

3.3 BeamTestResults

The beamtestswere performedin the T11 beamareawith the main goal to investigatethe
clustersize in four-gap chamberswith small pad sizesand irradiatedby particle tracksnot
perpendicularto the wire planes. Indeedat region 1 of this station,trackscoming from the
interactionpointof up to 3� degreescouldcrossthechambers.Sincethechamberhasfour gaps
anda distanceof about4.5 cm from thefirst to the lastwire plane,a trackpassingonepadin
thefirst gaphasaround30%probabilityto arriveonaneighboringpadat thelastgap.Thetotal
clustersizeis dueto this effect andto thefact thata trackmaycrosstheanodeplanebetween
two pads.Sincethis prototypehasfour wiresperpadthelattereffect canbesignificant.

A schematicview of theT11setupis shown in Figure7. Thereonecanseethetwo counters
(S1andS2)usedin coincidencefor thetrigger. S1is a20 � 20 cm� scintillatorandS2is 15 �
15cm� . Also shown is theX-Y hodoscopeusedfor theoff-line selection.Thehodoscopehas8
verticaland8 horizontalscintillators,eachof 8 � 1 cm� , forming a grid of 64 1 � 1 cm� cells.
Only eventspassingsimultaneouslyoneverticalandonehorizontalchannelwereconsideredin
theanalysis.The4-gapchamberwaspositionedbetweentheS1counterandthehodoscope.

A beamof 3 GeV protonsandpionswith ratesvarying from 8 kHz to 150 kHz (asseen
from theS1counter)wasused.Figure8 showsa typicalbeamprofileasseenby thehodoscope
(left). Themiddleandrightmostplotsshow thecathodeandanodechannelsfired whenthere
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Figure7: Thebeamtestexperimentalsetupin theT11 area.

is a hit in themostpopulatedcell of thehodoscope.Dueto thehodoscopecell size,morethan
oneanodechannelis selectedin this way.

3.3.1 Efficiency

Theefficiency plateauspresentedherewereobtainedfor a20nstimewindow for eachindividual
doublegapandfor theOR of thefour gaps.Figure9 shows theplateaucurvesfor thenominal
gasmixture ( �����	�� � �	���� (40%50%10%)) for thedoublegapsA andB asindicatedin the
figure(top) andtheOR of thefour gapsfor thesamegasmixture(bottom).Dueto electronics
instabilitiesduringsomeof theruns,theparticleflux hadto bereducedabove3.25kV. Onecan
seein the figure that, for the individual doublegaps,the anodepadsreach95% efficiency at
3.00kV but for cathodethathappensonly around3.10kV. This hasto be further investigated
but couldbedueto theelectronicsthresholdthatmaybetoo high on thecathodefor the3 GeV
particlesof theT11beamareaor for thesignalsfrom thebordersof thepads.Thethresholdwas
loweredby 30mV for somerunsandthedifferencein the rising of theplateauwassomewhat
reduced.Unfortunatelly, dueto noiseandpick-upproblemsin thefront-endboards,thethresh-
old couldnot befurtherreduced.For theOR of thefour gaps,thechamberreaches99.99%for
thecathodeandfor theanodeat thenominalvoltage(3.15kV).

Gasleakswereobserved,asin all the prototypesbuilt so far. However, theseleaksdon’t
seemto affect theperformanceof thechamber, sinceafterabout12hourswithoutgasbubbling,
theefficiency curvesobtainedwerequitesimilar to theonesshown here.

Figure10 shows thesameplots for thenew gasmixture ( �����	�� � �	���� (40%40%20%))
whereonecanseethattheplateaubecomesslightly wider.
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Figure 8: The beamprofile in the hodoscope(left) showing that the beamis mostly in the
verticalchannel5 andhorizontalchannel4 of it. Thetwo peaksin thecathodeprofile (middle),
show that thebeamis on channel6 of onedoublegapwhich correspondsto channel11 in the
othergap.For theanode(right), thesameholdsfor channels2 and15.

Figure9: Efficiency plot for the nominalgasmixture (seetext). The top plot shows plateau
curvesfor thedoublegapsA (left) andB andthebottomplot theefficiency for theOR of the
four gaps.
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Figure10: Efficiency plot for thenew gasmixture(seetext). Thetopplot showsplateaucurves
for thedoublegapsA andB andthebottomplot theefficiency for theOR of thefour gaps.
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Figure11: Time walk andresolutionasa function of the high voltagefor doublegapA. The
doublegapB givesthesameresults.

3.3.2 Time Resolutionand Time Walk

Thetime walk andresolutionareplottedin figure11 asa functionof thehigh voltage.There-
sultsareasexpectedfor thetwo gasmixtureandarethesameasfor thelastprototypetested[5].

3.3.3 Cluster Size

Theclustersizeis definedasthemeannumberof fired padspereventselectedby having one
singlehit on theverticalandhorizontalhodoscopestrips.Thetypicalanodetimedistribution is
shown in figure12 whereonecanseetwo peaks.Thesmallerpeakis dueto thediscrimination
of big enoughASDQ++pulseundershoots.For theclustersizecalculationsonly theparticles
arriving first wereconsidered.To dothat,a20nstimewindow from 292nsto 312nswasapplied
to selectthe in-time hits. Theresultsobtainedwith thechamberat threedifferentangleswith
respectto the beamline areshown in figures13 and14. On the first figure the resultswere
calculatedfor onedoublegaponly (doublegapA) andon thesecond,for the OR of the four
gaps. In this case,asexpected,the geometricaleffect of nonperpendicularparticlescrossing
thechamberis morevisible for thewire pads.

The increasingof theclustersizevaluesasa functionof thehigh voltagecanbeseenin a
scatterplot of the numberof fired padsin the cathodeversusthe samenumberfor the anode
of onedoublegap. In figure 15 onecanseethis scatterplot for threedifferentvoltages. In
the rightmostplot a biggernumberof eventswhere8 wire padshave fired canbe seen.This
meansthat all the readoutchannelshave fired which shouldnot be the casewhena particle
crossesthedetectorandindicatesthattheremighthavebeensomesparksordetectorinstabilities
(electronicallyinducedpulses)at this voltage.
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Figure12: Typical anodetime distribution (seetext). Dueto commonstopmodeoperationof
theTDCs,thetime increasestowardstheleft. OneTDC channelcorrespondsto 1 ns.

Figure13: Theclustersizevaluesasa functionof thehigh voltagefor thedoublegapA. The
topplot shows theresultsfor thecathode,while thebottom,for theanode.
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Figure14: Theclustersizevaluesasa functionof thehighvoltagefor theORof thefour gaps.
Thetopplot showstheresultsfor thecathode,while thebottom,for theanode.

Figure15: Numberof firedcathodepadsversusthenumberof firedwire padsfor threedifferent
voltages:3.00kV(left), 3.15kV(middle)and3.35kV(right).

11



4 Conclusions

A MWPCprototypefor theregion1of muonstation2 wasbuilt andtestedin theT11beamarea.
Themaingoalof thesetestswasto measurethedetectorclustersizewhenthechamberfourgaps
areOR-ed.For thenominalhigh voltageandgasmixturetheclustersizefor normalincidence
is 1.25for thecathodeand1.36for theanode.Theachievedefficiency for thenominalvoltage
is 98.0%for thecathodeand99.6%theanodefor thedoublegapsindividually. A differencein
therising of theefficiency plateauwasobserved,thecathodeachieving 95%efficiency 150V
laterthantheanode.Thereasonfor this shouldbefurtherinvestigated,but couldbedueto the
electronicsthresholdthat wastoo high for the 3 GeV particlesof the beamor for the signals
from thebordersof thepads.For theOR of thefour gaps,thechamberreaches99.99%for the
cathodeandfor theanodeat thenominalvoltage. No big differencewasseenin the detector
performancewith thenew gasmixture( �����	�� � �	���� (40%40%20%)).

Thedetectorshouldnow betestedin theX7 beamareatogetherwith thepreviousprototype
for comparison.Thetestsshouldbedonewith a bettergroundingandshieldingscheme,using
theCARIOCA chip andhaving at leastthreetimesmorereadoutchannelsif comparedto the
testdonein theT11areato checkthechamberhomogeneity.

Beforebuilding new prototypesthedesignandquality controlmethodsshouldbereviewed
to avoid gasleaksandpossiblemechanicaldeformations.
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