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Abstract

We presenthe first resultsobtainedwith a doublegap prototypeof MPWC with cathode
readoutfor theregion 3 of the LHCb muonsystem Preliminarystudieson the efficiencies,
onthecrosstalkontime resolutionanduniformity for both cathodeandanodereadoutare
reportedTheperformanceappeato matchtherequest®f the LHCb muonsystemIn the

appendixwe reportthe measuremerfor a seconddoublegaptestedin a furthertestbeam
session.
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1 Intr oduction

In this notewe reporttheresultsof atestof aMWPC, assembleth Frascatiaboratorief
INFN, designedor themuonsystenof theLHCb experiment.This prototypewasbuilt with the
aimto studythevalidity of themechanicatlesignandof theconstructiorproceduresn Section
2 we provide a descriptionof the detectoyincluding geometry signalreadoutandelectronics.
Then,in Section3we reportthe testbeanresults,with particularemphasison currentandef-
ficiengy studiesthresholdsspatialuniformity, time window amplitudeandposition,crosstalk
effects.The detectortime resolutionis alsoestimatedin lastSection,we draw the conclusions
of thetest.In the Appendixwe reporttheresultsobtainedwith anotherdoublegapin September
2001testbeamandwe comparehemwith the previoustestresults.

2  Prototype description
2.1 Detectorlayout

A schematiwiew of the prototypeis shovn in Fig. 2, atop view of thewire planeandof the
underlyingcathodeplane.The sensitve areaof the chambeiis ~ 200 x 251 mn?, representing
1/6 of onefinal WPCfor region M2R3. The prototypeis composedf two gaps,eachwith an
anodewire planeatthe centerof thegap,a planeof cathodepadsanda groundplane.

In Fig. 3 we shav thechambeicross-sectionat two oppositesides:on theright the cathode
padreadoutspntheleft thewire padreadouts.

In Fig. 4 we shav a blow up of thewire fixation bar.
Themainchambemparameterarereportedn Tablel.

Outerchambedimensions 279 x 341 x 45 mm? Sensitve area 200 x 251 mn¥
Panelsthickness 10mm Foamthickness 8 mm
N. of gaps 2 Gapsize 5mm
N. of wire pads 2x8 N. of cathodepads 2 x 16

N. of anodereadouts 8 N. of cathodeaeadouts 16 (8 in thistest)
N. of wires 2 x 134 Wire pitch 1.5mm
Wire diameter 30 um Wire tension 509
Wire padsize 25 x 250 mm? Cathodepadsize 25 x 125 mny?

Table 1: MWPC prototypeparametersNumbersreferto thefull chamber(bigap).In this test
we readout only half of the cathodepadsof eachgap.Thetwo gapsarein OR both
for cathodeandfor wire padreadouts.

2.2 Chamber components
The maincomponent®f our prototypearethe following:

— Panels:they areobtainedinjectinga rigid polyurethanidoam (ESADUR 120) between
two FR4 printedcircuit boards.Threepanelswereused:the two bottom panelsof each
gapwereetchedon thetop sideto provide the cathodepadstructure A third panel(not
etched)actasa cover for thetop gap.

— Framesiwo FR4 non machinedwire fixation bars,2.4 mm thick, on left andright sides
of the chamber(asshowvn in Fig. 2). Over eachof them,thereis a gapbarto closethe
gasgap.On top andbottom ssides,thereare non machinedAl bars,4.9 mm thick, with
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Figure 2: Topview of thewire planelaying overthe cathodeplane.Thisis thepoint of view of
theimpingingparticleswith chambeiperpendiculato thebeamandpadsparallelto
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wire padreadoutgleft).
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Figure 4: Detailedtop view.

the gasinlets. Thegapdimensionis keptpreciseto +20um usingcalibratedspacergfor
moredetailson the constructiortechniqueseepp. 43-470of [1]).

— Wires: the gold-platedtungstenwires were hand-wiredat 50 g tension,manually sol-
dered,andglued.

2.3 Signalreadout

To geta moreexhaustve information,althoughthis prototypeis designedor the R3 region
(whereonly cathodepadswill bereadout) theanodewire padssignalswerereadaswell.

Both the cathodeandanodereadoutandthe HV distribution systemaredoneon removable
cardspluggedasshovnin Fig. 3.

2.3.1 Anode wire readout

As usual,the readoutdesigntakesinto accountthe reducedspacebetweenchambersPar
ticular carehasbeentaken in separatingas much as possibleHV lines and capacitorsfrom
ground.

ThesignalswereOR-edin theHV boardbeforethey pasdn the preamplifier Theinnovative
solutionof usingexternalHV boardhostingresistorsandcapacitorsmakesthereadoutdesign
simpleandrobustevenin the caseof very high densityconnectorskFurthermoreaneasyaccess
attheHV distributionis left without the needto dismountthe chambersr to openthem.

2.3.2 Cathode pad readout

Referringto Fig. 2, while the wire extendfrom left to right andhave aboutthe samelength
asthechambel(~ 25 cm), the cathodepadsareinterruptedn the centerby agapof ~ 1.3mm.
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Figure 5: Layoutof the experimentalsetup,includingthetwo scintillatorsusedfor thetrigger
andthehodoscopeisedfor geometricakelectionof thebeam(seeSection3.1.1).

In themiddle of this gapthereis a 0.5 mm groundstrip. So,the numberof cathodepads(16) is
twice the numberof wire pads(8) for eachgap.

Dueto thereadoutof 8 wire padson oneside,in the presentestonly 8 cathodepadson the
oppositesidewerereadoutputtingin 'or’ the signalsof thetwo gaps.

2.4 Front End Electronics

The Front End Electronicsusedfor this testis the mostupdatedversionof the usual([2])
ASDQ++chip boardandsparkprotectionboard.

A dedicated\NIM controllerpoweredthe boardsandsetthe ASDQ thresholds.

As shavnin Fig. 3, acopperfFaradaycagewasbuilt surroundinghewholedetectoyin such
away to minimizethe noisepick-up.

3  Testbeanresults
3.1 Description of experimental setup

Theexperimentaketupis shovn in Fig. 5. Thetriggerwasbasedn thecoincidenceof scin-
tillators S; andS,. Theinformationsfrom verticalandhorizontalchannelof ahodoscopevere
usedin the dataanalysisto identify the beampositionrespecto thechamber(Section3.1.1).

3.1.1 Geometrical selection with hodoscope

The hodoscopeonsistsof two planes.eachwith 8 scintillator strips(8x1 cm?); oneplane
hashorizontalstrips,the otherhasverticalsstrips.

In Fig. 6 we showv thedensityof particlesonthehodoscoparea.Thecrossingof onevertical
strip (Hodoy') with onehorizontalstrip (Hodoy) definesanareaof 1x 1 cm?. Ontheplot, the
areaof eachbox is proportionalto the numberof particlesgoing throughthe corresponding
squareregion. The beamspreads: 0,=1.3cmin horizontalcoordinatez,=0.8 cmin vertical
coordinate.
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Figure 6: Hodoscopdlumination.Eachstripis large1 cm.Horizontalchannek 7 wasbroken.

A largefractionof thebeamcanbe selectedequiring:

(Hodoy = 3.0R.4.0R.5).AND.(Hodoy = 3.0RA4)

For astudyof thedetectorspatialuniformity (Section3.7),or in themeasuremertf the effi-
ciengy nearthe chambethorizontalandverticaledgesa selectionof a singlehodoscopéslice’
is applied(respectrely a verticalanda horizontalone)to minimize the size of the “effective”
beamseenby thechamber

The samesolutionhasbeenadoptedor time responsendcrosstalkstudies werewe want
to selectasinglepadcrossedy thebeam(seeSection3.6).

3.2 Currentin the chamber

Thetwo gapsshavedsincethebeginningverylow currentsln Fig.7we shov themaximum
total currentpergap,duringthebeamburst,asfunctionof the high voltagesetting.The currents
areshown in the threeconsecutre daysof the testsessionThe effect of conditioningis clear:
for instancethe currentat 3300V decreaseffom ~ 500 nA to ~ 100 nA. After conditioning,
the currentis < 100 nA upto 3300V, andis ~ 40 + 45 nA at the standarcdoperationHV of
3150Volts.

The maximum currentper gap with beamOFF is also shavn in Fig.7 (empty dots): for
HV <3300V the currentvalue staysalways belov 8 nA, with very little time dedicatedto
conditioning.

3.3 Detector efficiency

To determineheefficiency of thesepadswe canusedifferentmethodscomparedn figures
8 and9 anddescribedelow:
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Figure 7: Maximum currentin one gap as function of the high voltageapplied.LEFT: with
beamON RIGHT: comparisonof beamON (after conditioning) with beamOFE
Thresholdsare:Cathodes=25MV Wires=350mV.

— Method 1: we usethe time spectrumof the first hit (fastesthit) amongthe 8 hits. We
accepteventsin atimewindow of 20 ns,centeredn aposition(offset)thatmaximiseghe
efficiengy. The dependencesf the efficiency on window lengthandoffsetarediscussed
in Section3.5.

— Method2: we take the logical OR of the 8 hits in a large time window (100 ns). Then,
this “global” efficiengy is multiplied by the ratio betweernthe numberof eventsin 20 ns
andthetotal numberof eventsin 100nsfor a singlepadspectrum.

— Method3: we take thelogical OR of the 8 hits, eachof themin its propertime window.
Thewindow lengthis the samefor all spectra(20 ns) but the offsetmay differ from one
spectrunto another

Thedifferencebetweerthethreemethodss of theorderof 1%.

For all resultsreportedin this Section,the chamberefficiengy is obtainedwith the first
method(fasteshit spectrum).

For example,in Fig. 10we compareheefficiency obtainedwvith eachsinglegap,with thefull
detector(bi-gap)efficiengy. Theresultsobtainedwith thetwo gapsarein very goodagreement:
in particularif we choosealow highvoltagevalue(HV =2900V), wheretheefficiengy is more
sensitveto detectodisuniformities the differencebetweerthetwo gapsis ~ 1.5% for cathode
padsand~ 3% for wire pads.

To appreciatebetterthe shapeof the efficiency plateaux,in Fig. 11 we shaw the efficiency
curvesin a smallerrangeof high voltage. Note that the wire pad curve for the bi-gap was
obtainedat threshold270 mV, becauseat higher threshold(350 mV) the curve saturatesat
98.5%.
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Figure 8: CathodePad efficiengy, asfunction of the high voltagesetting,determinedwith the
threemethodsdescribedn thetext. Theefficiency of onespecificpadis alsoshowvn.
Thresholds 300mV. In (right) we shav azoomof (left).
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Figure 9: Wire Pad efficiengy, as function of the high voltage setting, determinedwith the
threemethodsdescribedn thetext. Theefficiency of onespecificpadis alsoshowvn.
Thresholds 270mV. In (right) we shav azoomof (left).
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Figure 10: Efficiency for (left) cathodepadsand (right) wire pads,as function of the high
voltage setting. Measurement$or eachsingle gap configuration(only A with B
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Figure 12: Efficiency for (left) cathodepadsand (right) wire pads,as function of the high
voltage,for differentthresholdsettings.Time window lengthis 20 ns. Hodoscope
padsselectedare:vertical=3,4,5horizontal=3,4.

3.4 Effectsof varying the thresholds

In Fig. 12 the cathodeandanodepadefficienciesareshavn, asfunction of the high voltage
applied for two differentthresholdsettings As expectedthe sensitvity onthresholddecreases
whenhigh voltageincreaseslin a 20 nstime window, operatingat 3150V, we gete = 99% for
cathodeande = 99.7% for anodes.

3.5 Time spectraand resolution

All resultsreportedin this Section(time spectratime resolution,etc...)refer to a single
cathodegpad(the# 7) andasinglewire pad(the# 2), thebestcenteredespecto thebeamaxis.
For this reasorwe selectedeventswith the hodoscopédorizontalslice (Hodoy = 3) fired.

In Fig.13we shaw the time spectrafor two differenthigh voltagesettings for cathodeand
wire pads.We noticethatthe spectraarenot preciselygaussian.

For this reasonwe have not measuredhe time resolutionwith the usualgaussiarfit. In
Fig.14 we reportthe Root Mean Square(RMS) of the time spectra,as function of the high
voltageapplied.For high voltageat 3150V, we find o(t) = 3.5 nsfor cathodepadsando (t) =
3.1 nsfor wire pads.A gaussiarit limited to the peakof the curve, givesasaresulta ¢ thatis
aboutl nssmallerthanthe RMS of thewhole distribution.

The positionof the peakas function of the HV is alsoshovn. The shift is small: §,c. ~
2 ns/100V.

We measuredhe effect of varying the time window in which the signalsare acceptedin
Fig.15 we shaw the efficiengy for cathodepadsas function of the time window length and
offset (with a fixed 20 ns time window). The samemeasuremenifior wire padsis shavn in
Fig.16.A summaryof measurements reportedn Table2.
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Figure 13: Time distribution for (left) single cathodepad and (right) single wire pad, at two
HV settings.Thresholdsare:Cathodes=30nV Wires=270mV.
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CathodePads Wire Pads

High Voltage(V) | 3000[ 3150] 3300 High Voltage(V) | 3000] 3150 3300
620/650 953 | .992 | .996 620/650 990 | .994 | .996
At(e > 95%) - 6 | 85 | Atl(e>95%) - 7 | 85

Table 2: e/ 50 is theratiobetweertheefficiengy for atimewindow of 20 nsandtheefficiency
for atime window of 50 ns. At(e > 95%) is thewidth (in ns) of the offsetrangefor
which the efficiengy is largerthan95%. Thresholdsare270mV (Wires)and300 mV
(Cathodes).

3.6 Hit multiplicity and crosstalk

For a properstudyof the crosstalkwe mustguaranteg¢hat the beamcrossesonly onepad
of thedetector Sincebothanodeandcathodepadsarehorizontalslices,we selecteventswhere
only thehodoscopdorizontalstrip # 3 is crossedy thebeam.

Oncewe are surethat the beamcrossesonly one pad, the measuremenof the crosstalk
essentiallyconsistan determining:

— in which fractionof eventsmorethanonepadis hit;

— if themultiple hit padsareadjacenbneto eachother(i.e. if they form a cluster);

— If the secondanhits arein-time respecto the primary one.We definein-time crosstalk
the secondarysignalsdelayedby At < 20 ns;if At > 20 ns,we speakof out-of-time
crosstalk.

First,in Fig.17(LEFT) we plot theaveragenumberof hit padsasfunctionof thehighvoltage
setting.

In Fig.17 (RIGHT) we show the fraction of eventswith multiple contiguoushits. The mul-
tiple hits aremostof the timesdueto adjacentpads(seealso Table 3). So, the averageevent
multiplicity is agoodmeasuremertf the averageclustermultiplicity (or clustersize).

Then,for cathodeandwire padswe comparedhetime spectran eventswith exactly onehit
with the spectrafor multiple hits. Resultsareshowvn in Fig. 18. Oncethe geometricakelection
with the hodoscopas imposed,the tails of the time spectraare entirely due to multiple hit
events.

Finally, in eventswith two hit pads,we measuredhe time delaybetweernthe secondsignal
andthefirst one.This allowedto calculatethe fraction of crosstalkin-time (At < 20 ns)and
out-of-time,respecto thetotal numberof eventsselectednly with thehodoscopeResultsare
shovnin Fig. 19 for cathodepads.Thein-time crosstalkis 8.1%at 3150V.

The choiceof the cathodegpadthresholdshouldminimisethe crosstalkandat the sametime
guaranteea satisfictory value of the efficiengy. From Fig.20 we seethat 300 mV is a good
working pointfor cathodegpads.A lower valueprovidesa slightimprovementon the efficiency
but a clearlyworstcrosstalkfraction.

For the studyof the crosstalkbetweerthewire pads,we followedthe sameprocedureasfor
cathodesln Fig. 21 we plot thetime delaybetweerthe secondignalandthefirst one,in events
with two hit pads for two differentthresholdsa secondoeakis clearlyvisible at latertime.

The fraction of crosstalkin-time and out-of-time, respecto the total numberof eventsse-
lectedonly with thehodoscopes shavnin Fig. 22 andis summarisetéh Table4 for HY=3150V.
Resultsarecompatiblewith thosein referencq?2].

We scannedhevertical Y axisin arangeof aboutl5cm,for high voltageHV=3150V. This

13
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High Voltage(V) | Wire pads | Cathodepads
3000 92.1+1.8% | 95.0 £ 1.6%
3200 96.6 £ 0.8% | 95.0+1.1%
3350 98.9+0.4% | 96.0 £ 0.8%

Table 3: Requiringthat exactly two padsprovide a signal, the table containsthe fraction of
eventsin whichthesepadsareadjacen{for severalhigh voltagesettings).Thresholds
are270mV (Wires)and300mV (Cathodes).

ThresholdmV) | 350 | 270
In-time 4.9% | 12.5%
Out-of-time | 1.2% | 5.1%

Table 4: Fractionof crosstalkin-time andout-of-time,for wire padsat two differentthreshold
settingsfor high voltageHV=3150V.

allowedto measurehe fraction of crosstalkfor differentimpinging point of the beamon the
pad(atthecenter neartheedgeetc...).

Resultsarereportedin Fig. 23. At the first chambelpositionof the Y scan(Y=0), selecting
thehodoscopdorizontalstrip # 3, the beamis focusedat the centerof cathodepad# 7 andat
thecenterof wire pad# 2. As expectedat Y=0 thecrosstallkis ata minimum. The peaksn the
plots correspondo padedgesthe minimato padcenters.The distancebetweenthe peaksis
equalto padwidth (2.5cm). Fromthe minimapositions,the edgeof last padis expectedto be
atY=-3.75.

The efficiency asfunction of the detectorvertical positionY is shavn in Fig.24. The effi-
ciengy increasesrom 0to 1in aY rangeof ~ 2 cm. The obsened shapes dueto the corvo-
lution of the beamwidth (aroundl cm, almostflat), with someedgeeffect dueto the chamber
More investigationis neededn orderto disentanglehe two contributions, possiblyusing a
narrover beamselection.

3.7 Study of the spatial uniformity

We performeda preliminarymeasuremermf the chambemuniformity, moving the detector
in the planeperpendiculato the beamdirection.

To understandf the detectorresponses the samefor any beamposition along the pad
direction,we moved the chamberalongthe horizontal X axisin a rangeof about26 cm. We
selecteda limited X spreadof the beamrequiringa single hodoscopervertical strip fired. The
high voltagewas setat 2800V, below the plateau,to have a higher sensitvity of efficiency
on gain changesResultsof the scanareshawn in Fig.25. Concerningcathodepadsis clearly
visible thefactthatonly onehalf of the detectoiis readout.

For wire pads,wherewe explore the whole detectorplane,we obsene a spreadof the ef-
ficieng in the range55-70% (edgeeffect excluded),which in Fig. 12 correspond$o +25V
uncertaintyaroundthe 2800V working point. The sameuncertaintyproducesa negligible ef-
fectontheefficieng if aworking pointonthe plateaus chosenseeFig. 11).
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Figure 23:
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4  Conclusions

The resultsobtainedin this testbeamare very satisaictory and comparablewith the one
obtainedwith otherprototypeqd3, 2].

Theprototypeperformanceshighefficiengy, low current,goodtimeresolutionjow crosstalk
effect- areencouraging.

They confirmthe validity of the mechanicablesignandof the constructiorproceduresand
representgoodstartingpointfor the constructiorof abiggerprototypefor theregionsR3and
R4.
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Appendix: resultsfrom the testbeamof a quadrigap

Experimental setup

At the endof Septembe001,a prototypequadrigapwas broughtto CERN. It wascom-
posedof two bigaps:the first (AB) wasthe bigaptestedin July (and describedabove in this
note),the secondwvasa new bigap(CD). Only the CathodePadswerereadout. We found that
thebigapAB wasnotworking properly:it wasnoisyandnotfully efficient,dueto badcabling
of FEE.Ontheotherhand,the bigapCD shoveda very goodbehaiour (efficiengy, time reso-
lution, etc...),working at a lower thresholdrespecto July testbeamonly 180mV for Cathode
Pads,comparedo 300mV in July.

In this appendixwe wantto briefly reportthe measurement®r bigapCD andto compare
themwith the resultsof AB. However, aswe will shav below, mostof the measurementare
dependenbn the vertical positionY at which the particlecrosseshe chamberexceptfor effi-
cieng (for whichthis dependences weak).For this reasonacomparisorbetweermB andCD
bigapsis possibleonly atthesameY value.

We mustmentionthatin Septembetestbeanti.e. for CD) a scintillatorhorizontalfinger (of
width ~ 0.5¢m) wasavailablefor a preciseselectionof the beamvertical coordinatelnstead,
in the July testbeandi.e. for AB), thefingerwasnot available:theresultsshovn referto events
selectedonly with the hodoscopédrequiringonly horizontalstrip # 3), andthuswith a worst
precision(~ 1cm).

Efficiency

In Fig. 26 the efficienciesof the bigapsare shavn asfunction of the vertical coordinate
Y. For CD, we scannedhe Y axisin a rangeof about5 cm, correspondingo the width of
two pads.The high voltagewasHV=3.15kV. As expectedthe efficiency slightly decreasem
correspondencef the padedges.The averageefficiengy, integratingover the two contiguous
padsl and2is ~ 0.987 for AB and~ 0.994 for CD.

In Fig. 27 we shaw theefficiency plateauxWe compareAB andCD eventhoughtheparticle
positionrespecto thechambercannotbeidentical.As expectedhebigapCD, working atlower
threshold(180mV), is moreefficientthanAB. For HV > 3.1kV, theefficiengy is ¢ > 99%.

Theefficiencgy plateauxfor eachgap(A,B,C,D) areshavn in Fig. 28. Herethe A andB gaps
wereoperatingat threshold250 mV. With thresholdl80mV, the efficiency is € > 95% for HV
> 3.2kV. Thevariousgapshave similar responseshaving a very gooduniformity.

Thedependencef the efficiency onthe cathodegpadthresholdior thebigapCD is shavn in
Fig. 29 at a fixed high voltage(3.15kV) andfor two differentmethods’Single Pad’ (only the
padwith morehits is consideredjpnd’First Hit' (only thefirst hit in time is considered)For
180mV threshold¢ ~ 0.997.

Crosstalkand cluster size

We alsomeasuredhe crosstalk thatwe definedasthe fraction of eventswith two adjacent
padshit within a time window of 20 ns (in-time hits). The crosstalkis the sumof two effects:
a geometricalone (dependingon the particle vertical position Y) andan intrinsic one (dueto
electricalcouplingbetweerthepads) For thisreasonacomparisorbetweermB andCD bigaps
is possibleonly atthesameY value.

In Fig. 30 we compardhecrosstalkn bigapsAB andCD, asfunctionof theparticlevertical
positionY. As a consequencef fingerselectionthe Y dependencef crosstalkis steepeffor
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Figure 27: CathodePad efficiency, asfunction of the high voltagesetting,for bigapsAB and
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crosstalk,integratingover the two contiguouspadsl and2 is ~ (.17 for AB and
~ (.21 for CD. Statisticalerrorsareneggligible.

CD (thepeakscorrespondo padegdes).The highervalueof crosstalkin CD is essentiallydue
to the lower circuit threshold.The averagecrosstalk,ntegratingover the two contiguouspads
land2is ~ 0.17 for AB and~ 0.21 for CD.

Thenext figure (Fig. 31) is a detailedzoomover this plot, shaving the gapbetweernthe two
pads(wherethe crosstalkis maximum)for bigapCD. Here Y=0 atthe Pad 2 lower edge.The
dataarecomparedo a calculationbasedon the distribution of the collectedchage asfunction
of theincidentparticlepositionrespecto thepadedge(seeFig.5.1in [4]). We assumedhatthe
padefficiency increasefinearlyfrom 0 to 1 whenthefractionof chagecollectedncreasesrom
0to 20%. Evenusingsucharoughmodel,theagreemenbetweemmeasuremerdandcalculation
is good.

In Fig. 32 we shav the distribution of the numberof in-time hits for two incidentparticle
vertical positions:at the centerof a pad (conditionof minimum crosstalk)and at the edgeof
a pad(maximumcrosstalk).The differencein the particlepositionsreflectsmainly in the ratio
betweerdoubleandsinglehit events.In bothcaseghefractionof eventswith morethan?2 hits
is < 5%.

Moreover, whentwo hitsarepresentthey arealmostalwaysin adjacenpadsFor thisreason,
the hit multiplicity is often called’Cluster Size’. The averageclustersize shovs a behaiour
qualitatively similar to crosstalk asillustratedin Fig. 33. The averageclustersizes,obtained
integratingover thetwo contiguougpadsl and2 arel1.15in AB and1.26in CD.

The dependencef clustersizeon the high voltageappliedis shavn in Fig. 34, for the CD
bigapandfor eachsinglegapC andD, at a fixed particle position. The behaiours of the two
gapsarevery similar.
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Figure 32: Probabilitydistribution of the numberof in-time hits for two incidentparticlever-
tical positions:atthe centerof a padandatthe edgeof a pad.Thedifferencein the
particle positionsreflectsmainly in the ratio betweendoubleandsinglehit events.

Measurementarefor bigapCD, atfixed highvoltage(3.15kV) andthreshold 180
mV).
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Figure 33: Averageclustersizein bigapsAB andCD, asfunctionof the particlevertical posi-
tion'Y, atafixedhighvoltage(3.15kV). Only in-time hits wereconsideredi.e. hits
in a20 nstime window). The averageover thetwo contiguougpadsl and2is 1.15
for AB and1.26for CD.

In Fig. 35 we shav the averageclustersize asfunction of the circuit threshold,for bigap
CD, for a particle crossingapproximatelythe centerof a pad.In this condition,the minimum
crosstalkandclustersizeareexpected.

Time resolution

We measuredlsothetime resolution,assuminghatit is well representetly theroot mean
squareof the time spectrum(the 'Single Pad’ spectrum,i.e. only the pad with more hits is
considered)The comparisorbetweenAB andCD is shavn in Fig. 36. As for crosstalkthe
higherthresholdof AB implies a smootherdependencen the position.As expectedthe time
resolutionis largerwhenthe particlecrosses padcloseto the edge.The averageover the two
contiguougpadsl and2 is ~ 4.24 nsfor AB and~ 3.49 nsfor CD.

The time resolutionis alsosensitve on high voltage.This is showvn in Fig. 37, for the CD
bigapandfor eachsinglegapC andD, at a fixed particle position. The behaiours of the two
gapsarevery similar.

We also measuredhe effect on the time resolutionof changingthe circuit threshold.The
resultsare shavn in Fig. 38 for a fixed particle positionandhigh voltage. The rmsincreases
almostlinearly from ~ 2.95ns at170mV, to ~ 3.67ns at300mV.

Chamber uniformity

After the testbeamyve broughtbackthe quadrigapchambetto Frascatiabsandrecovered
the AB operationWe measuredhe currentin eachgapA,B,C,D moving a radiationsourcein
differentpositionson thetop gapcover panel.Two setupswvereconsideredABCD (with A on
top andthe sourcemovedoverits cover) andDCBA (with D ontop).
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Figure 36: Timeresolutionof AB andCD bigapsasfunctionof the particleverticalposition,at
fixedhighvoltage(3.15kV) andthresholdsRMS s definedastheroot meansquare
of the’Single Pad’ time spectrum(i.e. only the padwith morehits is considered).
The averageover the two contiguouspadsl and2 is ~ 4.24 nsfor AB and~ 3.49
nsfor CD. Statisticalerrorsfor CD arenot shown.

Two differentsourcesvereused:a non collimatedCo60sourceof ~ 19 MBq anda colli-
matedSr90sourceof ~ 0.94 MBg. Two setof measurementseredone:thesourcevasmoved
overthetop cover of the quadrigapwith A ontop andD atthe bottomandviceversa With the
first sourcewe measuredhe currentin eachgapA,B,C,D for 9 differentpositions(numbered
0,1,...,8)of thesourceoverthetop cover of thequadrigapasshavnin Fig. 39 (for A ontop).In
Fig. 40 we shaw thecurrentin gapA, asfunctionof the high voltage,for Co60sourceon top of
thegap,in thecentralposition0. Thedependencef currentsonthepositionis shavnin Fig. 41
for eachgap,normalizedto the averagecurrents:iy = 35 nA, ig = 31.5 nA, ic = 30.8 nA,

The collimated Sr90 sourcewas placedin 17 different positions(the centerof eachpad
1,2,...,16and the centerof the plane,indicatedwith 0), asshaovn in Fig. 39 (for A on top).
Thedependencef currentson the positionis shovn in Fig. 42 for eachgap,normalizedo the
averagecurrentsiy = 8.1 nA,ig =5.8nA,ic =5.9nA,ip = 8.6 nA.

Thesemeasurementshawv that, at leastfor this chambemdimensionthe constructiortech-
nologyallowsto staylargely insidethe 20% uniformity requirement®f the LHCb Muon TDR.
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Figure 41: Dependencef currentan eachgapon the positionof the Co60source normalized
to theaveragecurrents:iy = 35 nA, ip = 31.5 nA, ic = 30.8 nA, ip = 34 nA,
with the sourceontop of A andontop of D.
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Figure 42: Dependencef currentsin eachgapon the positionof the Sr90source normalized
to the averagecurrents:iy = 8.1 nA, ip = 5.8 nA, ic = 5.9 nA, ip = 8.6 nA,
with the sourceontop of A andontop of D.
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