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Abstract

A four gapMWPC prototypefor region 1 of the muonstation2, with non-staggered
wires,washuilt andtested.The constructiordetailsandthetestresultsarepresented.



1 Intr oduction

The LHCb muonsystem[1] will useMulti-Wire ProportionalChambergMWPC) for the four
regionsof stations2 and3, for regions3 and4 of stationl andfor regions1 and2 of stations4
and5. Thechamberwary in sizefor the differentstationsandregionsandthey have different
readoutpadsizesin thoseregions(see[2] for moredetails). In this note,the constructionof a
MWPC prototypefor region 1 of station2 is described.The prototypeis an exactrealization
of a chamberfor this region. It hasfour symmetricgasgapsandthe characteristicdisted in
tablel.

Table1l: Somechambeparameterandoperationconditions.

GasGapsize(mm) 5
Anode-Cathodspacinglmm) | 2.5

Wire Diameter(;zm) 30
Sensitve area(mm?) 300%x 250
Wire pitch (mm) 1.5

Wire padsize(mnv) 6.3x250
Wire length(mm) 257
Cathodepadsize(mm?) 37.5x31.3
Wire Tension(gf) 60+ 10
Nominal Gasmixture Ar/CO,/CF, (40%50% 10%)
Wire nominalpotential(V) 3150

The chamberhasa combinedreadoutof wire and cathodepadsas a consequencef the
requiredgranularity

2 Chamber Construction

The prototypewas built in Rio (CEFEFRJ and LAPE/IF-UFRJ)with PCB-hongcomb-PCB
panelsas describedn the Muon SystemTDR [1]. The panels’flathesswas measuredIN-
METRO! andBarmgo&) to be within +40.m, which is betterthanthe requiredspecifications
(se€[3]). Thewire fixation barswerealsomeasure@ndgluedto the cathodepanels.The an-
odeto cathodaistancevasinsuredoy meansf aprecisesteelspacefixedto thosebars,during
the gluing of the wires. For the presenfprototypethe wire fixation barswere not machinedo
have a noseon the edgeswhich wasdonefor the previous prototypesto avoid dischages[3].
The resultsfor the dark currentandthe sparklimit showv thatthis noseis not necessaryThe
darkcurrentmeasureavasof the orderof the nA andthe sparklimit wasof about3.45kV.

Thewiring wasdonein alatheasshowvn in the pictureof figure 1. The wire tensionwas
guaranteedising a calibrateddevice asshawn in figure 2. This device hasa DC motor that
keepsthe wire undertensionby applyinga torqueon thereel. The DC voltageappliedto the
motorwascalibratedwith a 60 gf weight.
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Figurel: Oneof the cathodeplanesmountedo theframeto bewired in thelathe.

Figure2: Thedevice usedto garanteghe wire tension.A DC motoris mountedon anendless
scrav usedto advancethewire reel.
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Figure3: Schematidrawving of the non-staggerediring schemeThetwo differentcombsare
shawn.

Sincethewire padsizeis very small (6.3 mm, 4 wiresonly), it wasrequiredthattheanode
planeshadnon-staggerediresto minimizecross-talkeffects. Thewiring wasdonewith combs
directly aroundthe cathodeplanes. Due to that, the combshadto be designedas shawvn in
figure3. Thetwo combsaredifferentfrom eachother onehaving adoublescrev andtheother
just parallelgrooves. Figure 1 shavs the combsmountedonto the frame aroundthe cathode
planeonthelathe. After wiring the wire pitchwasmeasuredo be (1.501+ 0.018)mm, which
satisfiegherequiredprecision.

The wires werethengluedandsolderedto the wire fixation bars. Having the five panels
ready(two with thefour wire planesthetwo outergroundplanesandthe middlegroundplane),
the chambemwas mountedas canbe seenin the picturesof figure 4. On theright pictureone
canseethe mountingof the planesandon the left, the chambemreadyto have the electronics
mountedo it.

3 TestResults

3.1 Front-End Electronics

Thechambernodeandcathodecombinedreadouts shovn in figure5. Thefront-endscheme
is the sameof the previous prototypeausingthe ASDQ++[4] asthefront-endchip. Eachfront-
end boardwas equippedwith two ASDQ++ chips, eachreading8 channels. The threshold
voltagewassetto 400mV (10fC) for theanodeand250mV (5fC) for the cathodereadoutsince
for thelatterthe signalis sharedoetweerthetwo cathodeplanes.

The chambemwasfully equippedwith the front-endelectronicsbut only 32 channelould
bereadoutat atime dueto the dataacquisitionlimited numberof TDC channelsFigure5 also
shavs aschematiiew of the chambemvith the 8 cathodeand8 anodepadsof onedoublegap
readoutby the dataacquisitionsystem. The other 16 channelsbelongsto the seconddouble
gap.The8 wire padscovera50 x 250mm? areaandthe 8 cathodgpads,a150 x 62 mn? area.



Figure4: Left: thefinal mountingof the chambemanels.Right: The chambereadyto have
theelectronicamountedo it.
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Figure5: Left: Schematiadraving of the chamberanodeand cathodepadsreadout. Right:
Combinedreadoutscheme.
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Figure6: Currentmeasuredvith theamericiumsource(zerosubtractedyersushe padnumber
for doublegapsA (left) andB (right). The appliedhigh voltagewas 3.0kV. The eightlower
pointsin the plot for the doublegap B correspondo onerow of padson the borderof the
chamber(row of padsnumbers8 to 64 seenon the pictureon the cover page).

3.2 24lpAm TestResults

After two daysof training (positive high voltageduringthe day andnegative during the night),
the detectorwastestedwith anamericiumsourceto seethe currentuniformity in all detector
pads.Theresultsshav agooduniformity for oneof thedoublegaps(calleddoublegapA) anda
row of lower currentpadsontheseconddoublegap(doublegapB). Thoseresultsarepresented
in theplotsof figure 6. The effect seerfor thedoublegapB is truefor bothsinglegapsB1 and
B2 which have arow of padswith lower currentandalsoa bananashapedlistribution. This
mightindicatea mechanicatleformationor gapbarswith slightly differentwidths.

3.3 BeamTestResults

The beamtestswere performedin the T11 beamareawith the main goal to investigatethe
clustersize in four-gap chamberswith small pad sizesandirradiatedby particle tracks not
perpendiculato the wire planes. Indeedat region 1 of this station,trackscoming from the
interactionpointof upto 3° degreescouldcrossthe chambersSincethechambeihasfour gaps
anda distanceof about4.5 cm from thefirst to the lastwire plane,atrack passingonepadin
thefirst gaphasaround30% probabilityto arrive on aneighboringpadatthelastgap. Thetotal
clustersizeis dueto this effect andto the factthata track may crossthe anodeplanebetween
two pads.Sincethis prototypehasfour wires perpadthelatter effect canbe significant.

A schematiwiew of theT11 setupis shovn in Figure7. Thereonecanseethetwo counters
(S1andS2)usedin coincidenceor thetrigger Slisa20 x 20cn? scintillatorandS2is 15 x
15cm?. Also shavnis the X-Y hodoscopeisedfor the off-line selection. Thehodoscopdas8
verticaland8 horizontalscintillators,eachof 8 x 1 cn¥, formingagrid of 641 x 1 cn¥ cells.
Only eventspassingsimultaneouslypneverticalandonehorizontalchannewereconsideredn
theanalysis.The 4-gapchambemaspositionedbetweerthe S1 counterandthe hodoscope.

A beamof 3 GeV protonsand pionswith ratesvarying from 8 kHz to 150 kHz (asseen
from the S1counter)wasused.Figure8 shavs atypical beamprofile asseerby thehodoscope
(left). The middle andrightmostplots show the cathodeandanodechanneldired whenthere
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Figure7: Thebeamtestexperimentalketupin theT11 area.

is a hit in the mostpopulatedcell of the hodoscopeDueto the hodoscopeell size,morethan
oneanodechanneis selectedn this way.

3.3.1 Efficiency

Theefficiency plateaugpresentetherewereobtainedor a20nstimewindow for eachindividual
doublegapandfor the OR of the four gaps.Figure9 shaws the plateaucurvesfor the nominal
gasmixture (Ar/CO,/CF, (40% 50% 10%)) for the doublegapsA andB asindicatedin the
figure (top) andthe OR of the four gapsfor the samegasmixture (bottom). Dueto electronics
instabilitiesduringsomeof theruns,the particleflux hadto bereducedaborve 3.25kV. Onecan
seein the figure that, for the individual doublegaps,the anodepadsreach95% efficiency at
3.00kV but for cathodethathappensnly around3.10kV. This hasto be furtherinvestigated
but couldbe dueto theelectronicghresholdthatmaybetoo high on the cathodefor the 3 GeV
particlesof theT11 beamareaor for thesignalsfrom thebordersof thepads.Thethresholdvas
loweredby 30mV for somerunsandthe differencein therising of the plateauwassomavhat
reducedUnfortunatelly dueto noiseandpick-up problemsn thefront-endboardsthethresh-
old couldnot befurtherreduced For the OR of thefour gaps the chambereache®9.99%for
the cathodeandfor the anodeat the nominalvoltage(3.15kV).

Gasleakswereobsened, asin all the prototypesbuilt sofar. However, theseleaksdon't
seento affectthe performancef thechambersinceafteraboutl2 hourswithoutgasbubbling,
theefficiency curvesobtainedwerequite similar to the onesshown here.

Figure 10 shows the sameplots for the new gasmixture (Ar/CO,/CF, (40% 40% 20%))
whereonecanseethatthe plateaubecomeslightly wider.
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Figure 8: The beamprofile in the hodoscopgleft) shaving that the beamis mostly in the
verticalchanneb andhorizontalchannel of it. Thetwo peaksn the cathodeprofile (middle),
show thatthe beamis on channel6 of onedoublegapwhich corresponds$o channelllin the
othergap.For theanode(right), the sameholdsfor channel® and15.
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Figure 9: Efficiengy plot for the nominalgasmixture (seetext). The top plot shavs plateau
curvesfor the doublegapsA (left) andB andthe bottomplot the efficiengy for the OR of the
four gaps.
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Figurel0: Efficiencgy plot for the new gasmixture (seetext). Thetop plot shawvs plateaucurves
for thedoublegapsA andB andthebottomplot the efficiency for the OR of thefour gaps.
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Figurell: Time walk andresolutionasa function of the high voltagefor doublegapA. The
doublegapB givesthe sameresults.

3.3.2 Time Resolutionand Time Walk

Thetime walk andresolutionareplottedin figure 11 asafunction of the high voltage.There-
sultsareasexpectedor thetwo gasmixtureandarethesameasfor thelastprototypetested5].

3.3.3 Cluster Size

The clustersizeis definedasthe meannumberof fired padsper eventselectedoy having one
singlehit ontheverticalandhorizontalhodoscopstrips. Thetypical anodetime distributionis
showvn in figure 12 whereonecanseetwo peaks.The smallerpeakis dueto the discrimination
of big enoughASDQ++ pulseundershootsFor the clustersize calculationsonly the particles
arriving firstwereconsideredTo dothat,a20 nstime window from 292nsto 312nswasapplied
to selectthe in-time hits. The resultsobtainedwith the chamberat threedifferentangleswith
respectto the beamline are shawn in figures13 and 14. On the first figure the resultswere
calculatedfor onedoublegaponly (doublegapA) andon the secondfor the OR of the four
gaps. In this case asexpected,the geometricakffect of non perpendiculaparticlescrossing
thechambeiis morevisible for thewire pads.

Theincreasingof the clustersizevaluesasa function of the high voltagecanbe seenin a
scatterplot of the numberof fired padsin the cathodeversusthe samenumberfor the anode
of onedoublegap. In figure 15 one can seethis scatterplot for threedifferentvoltages. In
the rightmostplot a biggernumberof eventswhere8 wire padshave fired canbe seen.This
meansthat all the readoutchannelshave fired which shouldnot be the casewhen a patrticle
crosseshedetectoandindicateghattheremighthave beensomesparksor detectoiinstabilities
(electronicallyinducedpulses)at this voltage.
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the TDCs,thetime increasesowardstheleft. OneTDC channekorrespond$o 1 ns.
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4 Conclusions

A MWPC prototypefor theregion 1 of muonstation2 wasbuilt andtestedn theT11beamarea.
Themaingoalof theseestswasto measuréhedetectorclustersizewhenthechambefour gaps
areOR-ed. For the nominalhigh voltageandgasmixture the clustersizefor normalincidence
is 1.25for the cathodeand1.36for the anode.The achieved efficiency for the nominalvoltage
is 98.0%for the cathodeand99.6%the anodefor the doublegapsindividually. A differencen
therising of the efficiency plateauwasobsenred, the cathodeachieving 95% efficiengy 150V
laterthanthe anode.Thereasorfor this shouldbe furtherinvestigatedbut could be dueto the
electronicgthresholdthat wastoo high for the 3 GeV particlesof the beamor for the signals
from the bordersof the pads.For the OR of thefour gaps the chambereache®9©9.99%for the
cathodeandfor the anodeat the nominalvoltage. No big differencewasseenin the detector
performancevith the new gasmixture (Ar/CO./CF, (40%40% 20%)).

Thedetectorshouldnow betestedn the X7 beamareatogethemith the previousprototype
for comparison.The testsshouldbe donewith a bettergroundingandshieldingschemeusing
the CARIOCA chip andhaving at leastthreetimesmorereadoutchannelsf comparedo the
testdonein the T11 areato checkthechambehomogeneity

Beforebuilding new prototypeshe designandquality controlmethodsshouldbereviewed
to avoid gasleaksandpossiblemechanicatleformations.
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