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Abstract

We presentthefirst resultsobtainedwith a doublegapprototypeof MPWC with cathode
readoutfor theregion3 of theLHCb muonsystem.Preliminarystudieson theefficiencies,
on thecrosstalk,on time resolutionanduniformity for bothcathodeandanodereadoutare
reported.Theperformancesappearto matchtherequestsof theLHCb muonsystem.In the
appendixwe reportthemeasurementfor a seconddoublegaptestedin a further testbeam
session.
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Figure1: A pictureof thecathodeplanebeforetheassembly.
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1 Intr oduction
In thisnotewereporttheresultsof a testof aMWPC,assembledin FrascatiLaboratoriesof

INFN, designedfor themuonsystemof theLHCb experiment.Thisprototypewasbuilt with the
aimto studythevalidity of themechanicaldesignandof theconstructionprocedures.In Section
2 we provide a descriptionof thedetector, includinggeometry, signalreadoutandelectronics.
Then,in Section3we report the testbeamresults,with particularemphasison currentandef-
ficiency studies,thresholds,spatialuniformity, time window amplitudeandposition,crosstalk
effects.Thedetectortime resolutionis alsoestimated.In lastSection,wedraw theconclusions
of thetest.In theAppendixwereporttheresultsobtainedwith anotherdoublegapin September
2001testbeam,andwe comparethemwith theprevioustestresults.

2 Prototypedescription
2.1 Detector layout

A schematicview of theprototypeis shown in Fig. 2, a topview of thewire planeandof the
underlyingcathodeplane.Thesensitiveareaof thechamberis

����� �����
mm� , representing

1/6 of onefinal WPCfor region M2R3. Theprototypeis composedof two gaps,eachwith an
anodewire planeat thecenterof thegap,a planeof cathodepadsandagroundplane.

In Fig. 3 weshow thechambercross-sectionsat two oppositesides:on theright thecathode
padreadouts,on theleft thewire padreadouts.

In Fig. 4 weshow ablow up of thewire fixationbar.

Themainchamberparametersarereportedin Table1.

Outerchamberdimensions
���	� 
���� ���

mm� Sensitivearea
���	� �����

mm�
Panelsthickness 10 mm Foamthickness 8 mm

N. of gaps 2 Gapsize 5 mm
N. of wire pads

� 

N. of cathodepads

� ���
N. of anodereadouts 8 N. of cathodereadouts 16 (8 in this test)

N. of wires
� ��
��

Wire pitch 1.5mm
Wire diameter 30 � m Wire tension 50 g
Wire padsize

�	� �����
mm� Cathodepadsize

�	� �����
mm�

Table1: MWPC prototypeparameters.Numbersrefer to thefull chamber(bigap).In this test
we readout only half of thecathodepadsof eachgap.The two gapsarein OR both
for cathodeandfor wire padreadouts.

2.2 Chamber components

Themaincomponentsof our prototypearethefollowing:

– Panels:they areobtainedinjectinga rigid polyurethanicfoam(ESADUR120)between
two FR4printedcircuit boards.Threepanelswereused:the two bottompanelsof each
gapwereetchedon thetop sideto provide thecathodepadstructure.A third panel(not
etched)actasacover for thetopgap.

– Frames:two FR4nonmachinedwire fixation bars,2.4mm thick, on left andright sides
of the chamber(asshown in Fig. 2). Over eachof them,thereis a gapbar to closethe
gasgap.On top andbottomsides,therearenonmachinedAl bars,4.9 mm thick, with
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Figure2: Topview of thewire planelayingover thecathodeplane.This is thepointof view of
theimpingingparticles,with chamberperpendicularto thebeamandpadsparallelto
horizontalX axis.

Figure3: Detectorcrosssectionsshowing in detail the cathodepadreadouts(right) and the
wire padreadouts(left).
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Figure 4: Detailedtopview.

thegasinlets.Thegapdimensionis keptpreciseto
��� � m usingcalibratedspacers(for

moredetailson theconstructiontechnique,seepp.43-47of [1]).
– Wires: the gold-platedtungstenwires were hand-wiredat 50 g tension,manuallysol-

dered,andglued.

2.3 Signal readout

To geta moreexhaustive information,althoughthis prototypeis designedfor theR3 region
(whereonly cathodepadswill bereadout) theanodewire padssignalswerereadaswell.

Both thecathodeandanodereadoutandtheHV distribution systemaredoneon removable
cardspluggedasshown in Fig. 3.

2.3.1 Anode wire readout

As usual,the readoutdesigntakesinto accountthe reducedspacebetweenchambers.Par-
ticular carehasbeentaken in separatingasmuch as possibleHV lines and capacitorsfrom
ground.

ThesignalswereOR-edin theHV boardbeforethey passin thepreamplifier. Theinnovative
solutionof usingexternalHV boardhostingresistorsandcapacitors,makesthereadoutdesign
simpleandrobustevenin thecaseof veryhighdensityconnectors.Furthermore,aneasyaccess
at theHV distribution is left without theneedto dismountthechambersor to openthem.

2.3.2 Cathode pad readout

Referringto Fig. 2, while thewire extendfrom left to right andhave aboutthesamelength
asthechamber( 25cm), thecathodepadsareinterruptedin thecenterby agapof 1.3mm.
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Figure5: Layoutof theexperimentalsetup,includingthetwo scintillatorsusedfor thetrigger
andthehodoscopeusedfor geometricalselectionof thebeam(seeSection3.1.1).

In themiddleof thisgapthereis a0.5mmgroundstrip.So,thenumberof cathodepads(16) is
twice thenumberof wire pads(8) for eachgap.

Dueto thereadoutof 8 wire padson oneside,in thepresenttestonly 8 cathodepadson the
oppositesidewerereadout,puttingin ’or’ thesignalsof thetwo gaps.

2.4 Front End Electronics

The Front End Electronicsusedfor this test is the mostupdatedversionof the usual([2])
ASDQ++chipboardandsparkprotectionboard.

A dedicatedNIM controllerpoweredtheboardsandsettheASDQthresholds.

As shown in Fig. 3, acopperFaradaycagewasbuilt surroundingthewholedetector, in such
away to minimizethenoisepick-up.

3 Testbeamresults
3.1 Description of experimental setup

Theexperimentalsetupis shown in Fig. 5. Thetriggerwasbasedonthecoincidenceof scin-
tillators ��� and � � . Theinformationsfrom verticalandhorizontalchannelsof ahodoscopewere
usedin thedataanalysisto identify thebeampositionrespectto thechamber(Section3.1.1).

3.1.1 Geometrical selection with hodoscope

Thehodoscopeconsistsof two planes,eachwith 8 scintillatorstrips(8 1 cm� ); oneplane
hashorizontalstrips,theotherhasverticalstrips.

In Fig.6 weshow thedensityof particlesonthehodoscopearea.Thecrossingof onevertical
strip ( ��������� ) with onehorizontalstrip ( ��������� ) definesanareaof 1 1 cm� . On theplot, the
areaof eachbox is proportionalto the numberof particlesgoing throughthe corresponding
squareregion. Thebeamspreadis: ��� =1.3cm in horizontalcoordinate;�� =0.8cm in vertical
coordinate.
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Figure6: Hodoscopeillumination.Eachstrip is large1 cm.Horizontalchannel# 7 wasbroken.

A largefractionof thebeamcanbeselectedrequiring:

) ���������+* 
�,.-0/1,2��,2-3/1,4��56,.798�:;, ) �<�=�����>* 
�,2-3/1,4��5

For astudyof thedetectorspatialuniformity (Section3.7),or in themeasurementof theeffi-
ciency nearthechamberhorizontalandverticaledges,aselectionof a singlehodoscope’slice’
is applied(respectively a verticalanda horizontalone)to minimize thesizeof the “effective”
beamseenby thechamber.

Thesamesolutionhasbeenadoptedfor time responseandcrosstalkstudies,werewe want
to selectasinglepadcrossedby thebeam(seeSection3.6).

3.2 Curr ent in the chamber

Thetwo gapsshowedsincethebeginningvery low currents.In Fig.7weshow themaximum
totalcurrentpergap,duringthebeamburst,asfunctionof thehighvoltagesetting.Thecurrents
areshown in thethreeconsecutive daysof thetestsession.Theeffect of conditioningis clear:
for instancethecurrentat 3300V decreasesfrom 500nA to 100nA. After conditioning,
thecurrentis ? �����

nA up to 3300V, andis
��� ���

nA at thestandardoperationHV of
3150Volts.

The maximumcurrentper gap with beamOFF is also shown in Fig.7 (empty dots): for
HV 3300 V the currentvalue staysalways below 8 nA, with very little time dedicatedto
conditioning.

3.3 Detectorefficiency

To determinetheefficiency of thesepadswecanusedifferentmethods,comparedin figures
8 and9 anddescribedbelow:
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Figure7: Maximum currentin onegapas function of the high voltageapplied.LEFT: with
beamON RIGHT: comparisonof beamON (after conditioning)with beamOFF.
Thresholdsare:Cathodes=250mV Wires=350mV.

– Method1: we usethe time spectrumof the first hit (fastesthit) amongthe 8 hits. We
accepteventsin atimewindow of 20ns,centeredin aposition(offset)thatmaximisesthe
efficiency. Thedependencesof theefficiency 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” efficiency is multiplied by theratio betweenthenumberof eventsin 20 ns
andthetotal numberof eventsin 100nsfor asinglepadspectrum.

– Method3: we take thelogical OR of the8 hits, eachof themin its propertime window.
Thewindow lengthis thesamefor all spectra(20 ns)but theoffsetmaydiffer from one
spectrumto another.

Thedifferencebetweenthethreemethodsis of theorderof
��F

.

For all resultsreportedin this Section,the chamberefficiency is obtainedwith the first
method(fastesthit spectrum).

Forexample,in Fig.10wecomparetheefficiency obtainedwith eachsinglegap,with thefull
detector(bi-gap)efficiency. Theresultsobtainedwith thetwo gapsarein verygoodagreement:
in particularif wechoosea low highvoltagevalue(HV = 2900V), wheretheefficiency is more
sensitiveto detectordisuniformities,thedifferencebetweenthetwo gapsis

�G,2�	F
for cathode

padsand

�F

for wire pads.

To appreciatebettertheshapeof theefficiency plateaux,in Fig. 11 we show theefficiency
curves in a smaller rangeof 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%.

7



0
H

0.2
H
0.4
H
0.6
H
0.8
H

1

2600 2700 2800 2900 3000
I

3100
I

3200
I

3300
I

3400
I
V
J

E
ffi

ci
en

cy

Method 1

Method 2

Method 3

0.86
H
0.88
H

0.9
H

0.92
H
0.94
H
0.96
H
0.98
H

1

290029503000
I

3050
I

3100
I

3150
I

3200
I

3250
I

3300
I

3350
I

3400
I
V
J

E
ffi

ci
en

cy

Method 1
K
Method 2
K
Method 3
K

Figure8: CathodePadefficiency, asfunctionof thehigh voltagesetting,determinedwith the
threemethodsdescribedin thetext. Theefficiency of onespecificpadis alsoshown.
Thresholdis 300mV. In (right) weshow azoomof (left).
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Figure9: Wire Pad efficiency, as function of the high voltagesetting,determinedwith the
threemethodsdescribedin thetext. Theefficiency of onespecificpadis alsoshown.
Thresholdis 270mV. In (right) weshow azoomof (left).
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Figure10: Efficiency for (left) cathodepadsand (right) wire pads,as function of the high
voltagesetting.Measurementsfor eachsingle gapconfiguration(only A with B
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3.4 Effectsof varying the thresholds

In Fig. 12 thecathodeandanodepadefficienciesareshown, asfunctionof thehigh voltage
applied,for two differentthresholdsettings.As expected,thesensitivity on thresholddecreases
whenhigh voltageincreases.In a 20 nstime window, operatingat 3150V, we get OP* ���	F

for
cathodeand OQ* ����,4��F

for anodes.

3.5 Time spectraand resolution

All resultsreportedin this Section(time spectra,time resolution,etc...) refer to a single
cathodepad(the# 7) andasinglewire pad(the# 2), thebestcenteredrespectto thebeamaxis.
For this reasonweselectedeventswith thehodoscopehorizontalslice( ���������R* 


) fired.

In Fig.13we show the time spectrafor two differenthigh voltagesettings,for cathodeand
wire pads.Wenoticethatthespectraarenotpreciselygaussian.

For this reason,we have not measuredthe time resolutionwith the usualgaussianfit. In
Fig.14 we report the Root MeanSquare(RMS) of the time spectra,as function of the high
voltageapplied.For highvoltageat3150V, wefind � )TS 5 * 
�,2�

nsfor cathodepadsand � )4S 5 *
�,U�
nsfor wire pads.A gaussianfit limited to thepeakof thecurve,givesasa resulta � that is

about1 nssmallerthantheRMS of thewholedistribution.

The positionof the peakasfunction of the HV is alsoshown. The shift is small: VXWZY\[^]
2 ns/100V.

We measuredthe effect of varying the time window in which the signalsareaccepted.In
Fig.15 we show the efficiency for cathodepadsas function of the time window length and
offset (with a fixed 20 ns time window). The samemeasurementfor wire padsis shown in
Fig.16.A summaryof measurementsis reportedin Table2.
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CathodePads Wire Pads
High Voltage(V) 3000 3150 3300 High Voltage(V) 3000 3150 3300

O �ji
k O\l i .953 .992 .996 O �ji

k OUl i .990 .994 .996m S�) Oon ����Fp5
- 6 8.5

m S�) Oqn �	��Fp5
- 7 8.5

Table2: O �ji
k OUl i is theratiobetweentheefficiency for atimewindow of 20nsandtheefficiency

for a time window of 50 ns.
m S�) Orn ����Fp5

is thewidth (in ns)of theoffset rangefor
which theefficiency is largerthan95%.Thresholdsare270mV (Wires)and300mV
(Cathodes).

3.6 Hit multiplicity and crosstalk

For a properstudyof thecrosstalk,we mustguaranteethat thebeamcrossesonly onepad
of thedetector. Sincebothanodeandcathodepadsarehorizontalslices,weselecteventswhere
only thehodoscopehorizontalstrip# 3 is crossedby thebeam.

Oncewe are surethat the beamcrossesonly one pad, the measurementof the crosstalk
essentiallyconsistsin determining:

– in which fractionof eventsmorethanonepadis hit;
– if themultiplehit padsareadjacentoneto eachother(i.e. if they form acluster);
– if thesecondaryhits arein-time respectto theprimaryone.We definein-time crosstalk

the secondarysignalsdelayedby
m S ? 20 ns; if

m S n 20 ns,we speakof out-of-time
crosstalk.

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

In Fig.17(RIGHT) we show thefractionof eventswith multiple contiguoushits. Themul-
tiple hits aremostof the timesdueto adjacentpads(seealsoTable3). So, the averageevent
multiplicity is agoodmeasurementof theaverageclustermultiplicity (or clustersize).

Then,for cathodeandwire pads,wecomparedthetimespectrain eventswith exactlyonehit
with thespectrafor multiple hits.Resultsareshown in Fig. 18.Oncethegeometricalselection
with the hodoscopeis imposed,the tails of the time spectraare entirely due to multiple hit
events.

Finally, in eventswith two hit pads,we measuredthetime delaybetweenthesecondsignal
andthefirst one.This allowedto calculatethe fractionof crosstalkin-time (

m S ? 20 ns)and
out-of-time,respectto thetotal numberof eventsselectedonly with thehodoscope.Resultsare
shown in Fig. 19 for cathodepads.Thein-time crosstalkis 8.1%at 3150V.

Thechoiceof thecathodepadthresholdshouldminimisethecrosstalkandat thesametime
guaranteea satisfactoryvalueof the efficiency. From Fig.20 we seethat 300 mV is a good
workingpoint for cathodepads.A lowervalueprovidesa slight improvementon theefficiency
but aclearlyworstcrosstalkfraction.

For thestudyof thecrosstalkbetweenthewire pads,we followedthesameprocedureasfor
cathodes.In Fig. 21weplot thetimedelaybetweenthesecondsignalandthefirst one,in events
with two hit pads,for two differentthresholds;a secondpeakis clearlyvisibleat latertime.

The fractionof crosstalkin-time andout-of-time,respectto the total numberof eventsse-
lectedonlywith thehodoscope,isshown in Fig.22andissummarisedin Table4 for HV=3150V.
Resultsarecompatiblewith thosein reference[2].

WescannedtheverticalY axisin arangeof about15cm,for highvoltageHV=3150V. This
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High Voltage(V) Wire pads Cathodepads
3000

����,U� �G,4
�F ����,4� �G,4��F
3200

����,4� ��,4
�F ����,4� �G,U��F
3350

��
�,4� ��,4��F ����,4� ��,4
�F

Table3: Requiringthat exactly two padsprovide a signal, the table containsthe fraction of
eventsin which thesepadsareadjacent(for severalhighvoltagesettings).Thresholds
are270mV (Wires)and300mV (Cathodes).

Threshold(mV) 350 270
In-time

��,2�	F ����,2�	F
Out-of-time

�G,2�	F ��,\��F

Table4: Fractionof crosstalkin-timeandout-of-time,for wire pads,at two differentthreshold
settings,for highvoltageHV=3150V.

allowed to measurethe fraction of crosstalkfor different impinging point of the beamon the
pad(at thecenter, neartheedge,etc...).

Resultsarereportedin Fig. 23.At thefirst chamberpositionof theY scan(Y=0), selecting
thehodoscopehorizontalstrip # 3, thebeamis focusedat thecenterof cathodepad# 7 andat
thecenterof wire pad# 2. As expected,at Y=0 thecrosstalkis ataminimum.Thepeaksin the
plots correspondto padedges,the minima to padcenters.The distancebetweenthe peaksis
equalto padwidth (2.5cm).Fromtheminimapositions,theedgeof lastpadis expectedto be
atY=-3.75.

The efficiency asfunction of the detectorvertical positionY is shown in Fig.24.The effi-
ciency increasesfrom 0 to 1 in a Y rangeof 2 cm. Theobservedshapeis dueto theconvo-
lution of thebeamwidth (around1 cm,almostflat), with someedgeeffect dueto thechamber.
More investigationis neededin order to disentanglethe two contributions,possiblyusing a
narrowerbeamselection.

3.7 Study of the spatial uniformity

We performeda preliminarymeasurementof thechamberuniformity, moving thedetector
in theplaneperpendicularto thebeamdirection.

To understandif the detectorresponseis the samefor any beamposition along the pad
direction,we moved the chamberalongthe horizontalX axis in a rangeof about26 cm. We
selecteda limited X spreadof the beamrequiringa singlehodoscopevertical strip fired. The
high voltagewasset at 2800V, below the plateau,to have a highersensitivity of efficiency
on gainchanges.Resultsof thescanareshown in Fig.25.Concerningcathodepadsis clearly
visible thefactthatonly onehalf of thedetectoris readout.

For wire pads,wherewe explore the whole detectorplane,we observe a spreadof the ef-
ficiency in the range55-70%(edgeeffect excluded),which in Fig. 12 correspondsto

���
V

uncertaintyaroundthe2800V working point. Thesameuncertaintyproducesa negligible ef-
fecton theefficiency if a workingpointon theplateauis chosen(seeFig. 11).
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Figure23: Crosstalkfor (full dots)cathodepadsand(emptydots)wire pads,as function of
the detectorvertical position Y. The peaksin the plots correspondto padedges,
the minima to padcenters.The distancebetweenthe peaksis equalto padwidth
(2.5 cm). Edgeof last padis at Y=-3.75.High Voltageis 3150V. Thresholdsare:
Cathodes=300mV Wires=270mV.
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4 Conclusions
The resultsobtainedin this testbeamare very satisfactory, and comparablewith the one

obtainedwith otherprototypes[3, 2].

Theprototypeperformances- highefficiency, low current,goodtimeresolution,low crosstalk
effect - areencouraging.

They confirmthevalidity of themechanicaldesignandof theconstructionproceduresand
representagoodstartingpoint for theconstructionof abiggerprototypefor theregionsR3and
R4.
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Appendix: resultsfr om the testbeamof a quadrigap

Experimental setup

At the endof September2001,a prototypequadrigapwasbroughtto CERN. It wascom-
posedof two bigaps:the first (AB) wasthe bigaptestedin July (anddescribedabove in this
note),thesecondwasa new bigap(CD). Only theCathodePadswerereadout.We foundthat
thebigapAB wasnot workingproperly:it wasnoisyandnot fully efficient,dueto badcabling
of FEE.On theotherhand,thebigapCD showeda very goodbehaviour (efficiency, time reso-
lution, etc...),working at a lower thresholdrespectto July testbeam:only 180mV for Cathode
Pads,comparedto 300mV in July.

In this appendix,we want to briefly reportthemeasurementsfor bigapCD andto compare
themwith the resultsof AB. However, aswe will show below, mostof themeasurementsare
dependenton theverticalpositionY at which theparticlecrossesthechamber, exceptfor effi-
ciency (for which thisdependenceis weak).For this reason,acomparisonbetweenAB andCD
bigapsis possibleonly at thesameY value.

Wemustmentionthatin Septembertestbeam(i.e. for CD) ascintillatorhorizontalfinger(of
width

��,2���j�
) wasavailablefor a preciseselectionof thebeamverticalcoordinate.Instead,

in theJuly testbeam(i.e. for AB), thefingerwasnotavailable:theresultsshown referto events
selectedonly with the hodoscope(requiringonly horizontalstrip # 3), andthuswith a worst
precision(

�G�j�
).

Efficiency

In Fig. 26 the efficienciesof the bigapsare shown as function of the vertical coordinate
Y. For CD, we scannedthe Y axis in a rangeof about5 cm, correspondingto the width of
two pads.Thehigh voltagewasHV=3.15kV. As expected,theefficiency slightly decreasesin
correspondenceof the padedges.The averageefficiency, integratingover the two contiguous
pads1 and2 is

��,2��
	�
for AB and

��,2���	�
for CD.

In Fig. 27weshow theefficiency plateaux.WecompareAB andCD eventhoughtheparticle
positionrespectto thechambercannotbeidentical.As expectedthebigapCD,workingat lower
threshold(180mV), is moreefficient thanAB. For HV n 3.1kV, theefficiency is OPn �	��F

.

Theefficiency plateauxfor eachgap(A,B,C,D) areshown in Fig. 28.HeretheA andB gaps
wereoperatingat threshold250mV. With threshold180mV, theefficiency is O�n ���	F

for HV
n 3.2kV. Thevariousgapshavesimilar response,showing averygooduniformity.

Thedependenceof theefficiency on thecathodepadthresholdfor thebigapCD is shown in
Fig. 29 at a fixedhigh voltage(3.15kV) andfor two differentmethods:’Single Pad’ (only the
padwith morehits is considered)and’First Hit’ (only thefirst hit in time is considered).For
180mV threshold,O ��,2�	���

.

Crosstalkand cluster size

We alsomeasuredthecrosstalk,thatwe definedasthefractionof eventswith two adjacent
padshit within a time window of 20 ns (in-time hits). Thecrosstalkis thesumof two effects:
a geometricalone(dependingon the particleverticalpositionY) andan intrinsic one(dueto
electricalcouplingbetweenthepads).For thisreason,acomparisonbetweenAB andCD bigaps
is possibleonly at thesameY value.

In Fig. 30wecomparethecrosstalkin bigapsAB andCD, asfunctionof theparticlevertical
positionY. As a consequenceof fingerselection,theY dependenceof crosstalkis steeperfor

21



0.97
�

0.98
�

0.99
�

1

1.01

-25 0
�

25
�

50
�

75
�

Y (mm)

E
ffi

ci
en

cy

AB  300 mV CD  180 mV
�

0.994
�

0.987
�

Pad 1
�

Pad 2
�

Figure26: CathodePadefficiency, asfunctionof theparticleverticalpositionY, for bigapsAB
andCD, determinedwith the first hit in time. As expected,the efficiency slightly
decreasesin correspondenceof the padedges.The averageefficiency, integrating
over thetwo contiguouspads1 and2 is

��,4��
��
for AB and

��,4�����
for CD.

0.7
�

0.8
�

0.9
�

1

1.1

2.8
�

3 3.2 3.4

HV (kV)

E
ffi

ci
en

cy

95
�

%

AB 300 mV
�

CD 180 mV
�

Figure27: CathodePadefficiency, asfunctionof thehigh voltagesetting,for bigapsAB and
CD, determinedwith the first hit in time. The lines connectingtogetherthe CD
values,aredrawn to guidetheeye.

22



0.2
�

0.4
�

0.6
�

0.8
�

1

2.8 2.9 3 3.1 3.2 3.3 3.4 3.5

HV (kV)

E
ffi

ci
en

cy

95
�

%

A 250 mV

B 250 mV
�
C 180 mV
�
D 180 mV
�

Figure28: CathodePadefficiency, asfunctionof thehigh voltagesetting,for eachgapA,B,C
andD, determinedwith thefirst hit in time.

0.97
�

0.975
�

0.98
�

0.985
�

0.99
�

0.995
�

1

1.005

1.01

1.015

1.02

160 180 200
�

220
�

240
�

260
�

280
�

300

Threshold (mv)

E
ffi

ci
en

cy

Single Pad
�

First Hit

Figure29: CathodePadefficiency of bigapCD, asfunctionof thecircuit thresholdsetting,at
a fixed high voltage(3.15 kV) andfor two differentmethods:’Single Pad’ (only
the padwith morehits is considered)and ’First Hit’ (only the first hit in time is
considered).

23



0
�

0.2
�

0.4
�

0.6
�

0.8
�

-25 0
�

25 50
�

75
�

Y (mm)

C
ro

ss
ta

lk

AB  300 mV
�

CD  180 mV
�

Pad 1 Pad 2

Figure30: In-time crosstalkin bigapsAB andCD, asfunctionof theparticleverticalposition
Y, atafixedhighvoltage(3.15kV). Thepeakscorrespondto padegdes.Theaverage
crosstalk,integratingover the two contiguouspads1 and2 is ���U��� for AB and
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CD (thepeakscorrespondto padegdes).Thehighervalueof crosstalkin CD is essentiallydue
to the lower circuit threshold.Theaveragecrosstalk,integratingover the two contiguouspads
1 and2 is ���U��� for AB and ���2��� for CD.

Thenext figure(Fig. 31) is adetailedzoomover this plot, showing thegapbetweenthetwo
pads(wherethecrosstalkis maximum)for bigapCD. HereY=0 at thePad2 lower edge.The
dataarecomparedto a calculationbasedon thedistributionof thecollectedchargeasfunction
of theincidentparticlepositionrespectto thepadedge(seeFig.5.1in [4]). Weassumedthatthe
padefficiency increaseslinearlyfrom0 to 1whenthefractionof chargecollectedincreasesfrom
0 to �	��� . Evenusingsucharoughmodel,theagreementbetweenmeasurementandcalculation
is good.

In Fig. 32 we show the distribution of the numberof in-time hits for two incidentparticle
vertical positions:at the centerof a pad(conditionof minimum crosstalk)andat the edgeof
a pad(maximumcrosstalk).Thedifferencein theparticlepositionsreflectsmainly in theratio
betweendoubleandsinglehit events.In bothcasesthefractionof eventswith morethan2 hits
is ����� .

Moreover, whentwohitsarepresent,they arealmostalwaysin adjacentpads.For thisreason,
the hit multiplicity is often called’Cluster Size’. The averageclustersizeshows a behaviour
qualitatively similar to crosstalk,asillustratedin Fig. 33. Theaverageclustersizes,obtained
integratingover thetwo contiguouspads1 and2 are1.15in AB and1.26in CD.

Thedependenceof clustersizeon thehigh voltageappliedis shown in Fig. 34, for theCD
bigapandfor eachsinglegapC andD, at a fixedparticleposition.Thebehavioursof the two
gapsareverysimilar.
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Figure33: Averageclustersizein bigapsAB andCD, asfunctionof theparticleverticalposi-
tion Y, atafixedhighvoltage(3.15kV). Only in-timehitswereconsidered(i.e.hits
in a 20 nstimewindow). Theaverageover thetwo contiguouspads1 and2 is 1.15
for AB and1.26for CD.

In Fig. 35 we show the averageclustersizeasfunction of the circuit threshold,for bigap
CD, for a particlecrossingapproximatelythecenterof a pad.In this condition,theminimum
crosstalkandclustersizeareexpected.

Time resolution

We measuredalsothetime resolution,assumingthatit is well representedby theroot mean
squareof the time spectrum(the ’Single Pad’ spectrum,i.e. only the pad with more hits is
considered).The comparisonbetweenAB andCD is shown in Fig. 36. As for crosstalk,the
higherthresholdof AB impliesa smootherdependenceon theposition.As expected,thetime
resolutionis largerwhentheparticlecrossesa padcloseto theedge.Theaverageover thetwo
contiguouspads1 and2 is ¦��4��¦ nsfor AB and §��4¦�¨ nsfor CD.

The time resolutionis alsosensitive on high voltage.This is shown in Fig. 37, for the CD
bigapandfor eachsinglegapC andD, at a fixedparticleposition.Thebehavioursof the two
gapsareverysimilar.

We alsomeasuredthe effect on the time resolutionof changingthe circuit threshold.The
resultsareshown in Fig. 38 for a fixed particlepositionandhigh voltage.The rms increases
almostlinearly from ���4¨��G©«ª at 170mV, to §��2¬	�G©­ª at 300mV.

Chamber uniformity

After the testbeam,we broughtbackthequadrigapchamberto Frascatilabsandrecovered
theAB operation.We measuredthecurrentin eachgapA,B,C,D moving a radiationsourcein
differentpositionson thetop gapcoverpanel.Two setupswereconsidered:ABCD (with A on
topandthesourcemovedover its cover)andDCBA (with D on top).
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Two differentsourceswereused:a noncollimatedCo60sourceof ��¨ MBq anda colli-
matedSr90sourceof ���4¨�¦ MBq. Two setof measurementsweredone:thesourcewasmoved
over thetop coverof thequadrigap,with A on top andD at thebottomandviceversa.With the
first sourcewe measuredthecurrentin eachgapA,B,C,D for 9 differentpositions(numbered
0,1,...,8)of thesourceoverthetopcoverof thequadrigap,asshown in Fig. 39(for A ontop).In
Fig. 40weshow thecurrentin gapA, asfunctionof thehighvoltage,for Co60sourceontopof
thegap,in thecentralposition0.Thedependenceof currentsonthepositionis shown in Fig.41
for eachgap,normalizedto theaveragecurrents:±³²µ´¶§��·©­¸ , ±³¹º´»§����2�·©­¸ , ±j¼½´¾§����4¿9©«¸ ,
±jÀ>´Á§�¦P©­¸ .

The collimatedSr90 sourcewas placedin 17 different positions(the centerof eachpad
1,2,...,16and the centerof the plane,indicatedwith 0), asshown in Fig. 39 (for A on top).
Thedependenceof currentson thepositionis shown in Fig. 42 for eachgap,normalizedto the
averagecurrents:±j²<´Á¿��\�Â©­¸ , ±j¹Ã´Ä���2¿o©­¸ , ±³¼+´Á���2¨P©­¸ , ±³ÀÅ´�¿��4¬q©­¸ .

Thesemeasurementsshow that,at leastfor this chamberdimension,theconstructiontech-
nologyallowsto staylargely insidethe �	��� uniformity requirementsof theLHCb MuonTDR.
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