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Abstract

Productionof the muonbarreldrift chamberscalled MB3 for the CMS experimentat the LHC has
startedat LegnaroINFN Labsin 2001. The detectorsare fully equippedwith the final front-end
electronicsandhigh-voltageboards andtestpulseandlow-voltagesystems Before beingmovedto
CERN,all chambersretestedandvalidated.After goodnoiselevel andproperhigh voltagebehavior
have beenensuredwe collectcosmic-rayeventstriggeredby an externalscintillator system.We use
thosedatato infer the main parameter®f the chamberspnamely detectionefficiency, uniformity in
behaior, timing propertieqresolution,uniformity, dependencen trackangle),andpossibleshifts of
the wires and layersinsidethe superlayers.The methodis particularly efficient in finding patholo-
gies causedby trivial mistaleslike, for example,an unconnectecelectrode which can be quickly

recovered.




1 Intr oduction

The CMS barrelmuondetectionsystem 1] consistof 4 concentricshellsof wire drift chamberscalledMB1 (the
innermost)MB2, MB3, andMB4 (theoutermost) Eachchambeiexceptthe MB4 type)is madeof 3 independent
units, called SuperLayerqSL), and a thick honeycomb plate glued together as shovn in fig. 1. EachSL is
composedf 4 layersof drift tubes,with all wires parallel. The wires of odd layersinside a SL are staggered
by a half-cell width with respecto the evenlayers. The two external SLs, called®1 and ®2, have wiresin the
samedirectionand measurghe muontrajectoryin the CMS bendingplane. The third SL, called®, haswires
perpendiculato the ® SLs. Thedrift tube,with 43 x 13 mm? crosssection,shovn schematicallyin fig. 2, is
composedf threeelectrodesa wire, wherethe electronmultiplication occurs,two I-beams(cathodes)andtwo
strips,which definethe electricdrift field andprovide someshapingto it, thusimproving its uniformity. For MB3
chambersthe wire lengthis 237.9 em and302.1 ¢m for ® and© SLs, respectiely. Each® SL contains286
channelseach® SL 227 channelsfor atotal of 799 channels/chamber

Productionof MB3 chamberg1, 2, 3] for the CMS muonbarrelbeganin 2001atthe LegnarolNFN Laboratories.
Before being gluedtogethey eachof the 3 SLs are checled one by oneto guaranteegastightness,a minimum

electronicnoiselevel andgoodhigh voltagebehavior. A detaileddescriptionof suchtestsandof their resultscan

befoundin ref. [4]. After beingassembledndbeforebeingmovedto CERN,all chambersarefurthertestedto

checktheelectronicnoiserate,detectiorefficiency, uniformity of behavior, timeresolution andwire, layerandSL

position. The chambersarebuilt usingthefinal design[1, 2, 3] andequippedwith the final front-endelectronics,
final high-woltageboardsandfinal high-wltageandlow-voltageinternallayoutandcables.Only the TDCs and
the dataacquisitionsystemare not the onesforeseerfor CMS, but are temporarysolutionsdevelopedfor local

testsandtestbeams.

All measurementare performedby usingcosmicrayscrossingthe chamberandtriggeredby a systemof plastic
scintillators. After the cosmic-rayeventsare collected(1 million eventsin a coupleof hours),dataanalysisis
performedandwe canquickly identify andlocalizewrongfeaturesof the chamberasdiscussedbelow, andtry to
fix them.Thisfine-grainandfasttestingprocedurés repeatedintil a fully-efficientandwell-performingchamber
is obtained Particularlyrelevantarethemeasurementsf thewire, layerandsuperlayepositionsandthecheckthat
systematicshifts werenot introducedin the constructiorphase.In fact, while correctionof the nominalposition
of the wires canbe appliedin the offline analysisto improve spatialresolution,the online first-level trigger [5]
requiresthat the tolerancesarefulfilled at the constructionlevel. Safevaluesof tolerancesare 0.1 mm for the
wire positioninsidethe SL and1 mm for therelative positionof the SLs. Shouldsystematicshiftsoccur, a proper
correctionto theassemblyprocedurehasto beapplied.

The purposeof this noteis to presenthetestingprocedureandthe analysisin orderto demonstraté¢he reliability
andefficiency of thediagnostianethod.

Besidesthe routine analysisfor validating the chambey other studieshave beenperformedto understandhe
effectof differentincidenceanglesof theincomingtracks theafterpulserateandits dependencenwire gainand
detectiorthreshold andthedrift velocity dependencentheabsolutegaspressureSomeof thesewill bepresented
here.All datapresentedherereferto thesamechamberexceptwhenstatedotherwise) MB3-011,which behared

typically.

2 Experimental setupand procedure

After the chambeiis glued, it is placedhorizontallyon a tableandfilled with an Ar(85%)-C0O-(15%) gasmixture.
The oxygenconcentratiorfO,] is measuredy an oxygenmonitor V) placeddownstreamjust beforethe gasex-
haust.As soonas[O-] ~ 200 ppm, thegasflow is reducedandregulatedin suchawaythattheabsolutepressurés
keptconstantTypically P = 1020 mbar andthegasflow is 0.2 [ /min, correspondingo aboutafull gasexchange
every 3 days.Thestandad high voltagevaluesof thecell electrodesre: Ve = 3700 V, Viirsp = 1800 V, and
VI—peam = —1200 V. At thesevoltagesthewire gainis ontheorderof 3 = 5 - 10° [6] which is aboutthe same
valueasin our previousrunsat CERN([7, 8, 9, 10Q]).

The front-endelectronics(FE) is composedf a fastchaige preamplifier(33 ns integrationtime) followed by a
shapef(shapingtime of 15 ns) anda discriminator[11]. The standad discriminatorthresholdis 15 m V', which
correspondso achageof about4.5 fC.

Signalsfrom thechambeifront-endelectronicsarefedinto 18 TDCs 2 setin commonstopmode. The TDCshave
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Figurel: A crosssectionthroughanMB3 chamber

aclock of 96 kHz. The DAQ system,which readsout the TDCs andstoresthe data,andthe online monitor are
describedn detailin [12].

Underthetable,a systemof plastic scintillatorsdetectscosmicrays crossingthe chamberandgivesthe trigger
andthe commonstoptime to the TDCs. Thetriggerefficiency is about75% andthetriggerrateis about180 H z,
allowing usto collect10° eventsin two hours. For eachtrigger, the hits occurredwithin atime window of 32 s
arerecordedandstored.

Sincethenumberof availableTDC channelss not enoughto read-outthe entirechambeiin a singlerun, we have
to collectthedatain two runs:i) theentire® plustheleft half of ®1 and®2, andii) theentire® plustheright half
of &1 and®2.

2.1 Cosmic-raytrigger

8 plasticscintillators,arrangedn 4 pairsof overlappingelementsprovide the cosmic-raytrigger (fig. 3). Thetwo
pairs composedf the longestscintillators (300 x 20 cm? area,2 cm thick) are placedparallelto the © wires
(thereforeperpendiculato the ® wires),about90 cm underneaththetableplane.Theothertwo groups,composed
of 250 x 27 em? area,2 cm thick scintillators,are placedperpendiculato the © wires, 50 ¢m underneattthe
tableplane.A block schemeof thetriggerlogic is sketchedn fig. 4. Eachscintillatoris readoutatthetwo endshby
two photomultipliers(PMTs) 3). After discriminationthe two signalsfrom the PMTs arefed into a mean-timer
module[14], which yields the meantime of the two signals. Thenthe two meantimes of eachpair are put in
coincidenceThecosmic-raytriggeris givenby thelogical OR of the AND of eachpair.

The plastic scintillatorsare quite old and have beenextensively exploited by other experiments. Consequently
their intrinsic light-emissionpropertiesare degraded resultingin a poor time resolutionfor the trigger (several
ns). Therefore this trigger is not adequatdo study the time resolutionof the chamber(seealsofig. 19). The
synchronizatiorf the4 pairsof scintillatorshasbeenperformecdby triggeringthemwith asmallplasticscintillator
with atime resolutionbetterthan1 ns which providesthereferencdime.

3 Testof Front-End electronics

Beforestartingto collectcosmic-raytracks,we performa checkof theelectronicnoiserateandmeasureghe delay
time causeddy the cablelengths,channeby channel.

2) 32-channeVME TDC board,developedat INFN Romafor the KLOE experiment[13].
* ThornEMI model9813KB.
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Figure2: A schematiaiew of adrift tube. Thedrift lineswhich reachthewire arealsoshavn.

A testpulsesignalis providedto eachchannels front-endamplifierandthe delaytime ¢, ; betweerthetestpulse
andthe outputsignalis measuredchannelby channel(index ¢). ¢ ; dependsot only on the cablelength, but
alsoon thefront-enddiscriminatorthresholdevel. To have anideaof the risetimeof the front-endoutputsignal,
we measuredhe variationof the delaytime with the thresholdby looking at signalsfrom cosmicrays (and not
from testpulses).Figure5 shovs the measurediependencef ¢, ; onthethresholdvalueV;,, wherethedelayat
Vinr = 10 mV hasbeenputarbitrarily to zero. Therisetimeis well belov 10 ns.

For the analysisof the data,the hit drift timest; arecorrectedor the delaytime ¢ ;.

With the chamberat the nominalHV value,randomtriggersareprovided by a pulser The numberof hits inside
the time window and the window width determinethe noiserate of a cell. As an example,fig. 6 shows the
noiserate, channelby channelfor all layersof chambemMB3-011. The averagenoiserateasa function of the
thresholdvalueis plottedin fig. 7. The © SL aresystematicallynoisierthanthe ® SL becausef thelongerwire
length. At the standardhresholdvalue of 15 mV andstandardHV conditions,the averagenoiserateis around
40 — 50 H z/channeffor the ® SL andaround60 H z/channeffor the © SL, both ratescorrespondingo a linear
noisedensityof about0.2 Hz/cmof wire.

At athresholdof 15 mV', we alsomeasurdghe averagenoiserateasa function of V,,;... Theresultis shavnin
fig. 8.

4 Testwith cosmicrays: Efficiency

The measuremendf the chamberefficiency is not performedusing the external cosmic-raytrigger becauseof
varyinggeometricacceptanceyut relieson the reconstructiorof cosmic-raytrack segmentsin eachsuperlayer

Eachrecordeddrift time, after subtractiorof theindividual delaytime, is corvertedinto two positions(dueto the
left-right ambiguity)assumingaconstantrift velocity v, 7+ (55 um/ns) (se€f8, 10] andsect.5).Thereconstruc-
tion of atrack sgmentrequireshits in at leastthreedifferentlayersinsidea SL. Thenall possiblecombinations
of pointsarefitted to a straightline andthe bestfit is chosen.Thetrackis acceptedf thefit fulfills the condition
x? < 100 (usingin thefit a singlewire resolutionof 300 um). We apply sucha loosecut to avoid possiblebias
introducedby the eventselection We verifiedthatthetrackfinding efficiency is not affectedby variationof vg,.; £+
within 5% .

We measurdhe layer efficiency, the cell efficiency andthe efficiency dependencen the positioninsidethe cell.
For all caseswe look for trackswith atleastthreehits in differentlayersandcheckif afourth hit is presenin the
fourth layerwithin afixedwindow L (4.2 ¢m) aroundthetrackextrapolation.

4
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Figure5: Dependencef the averagedelaytime on the front-enddiscriminatorthresholdsettingmeasuredising
cosmic-raysignals.Thedelayfor a10 mV thresholdhasbeenput arbitraryto zero.
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Theefficiency ¢,(z) in layer? is determinedasa functionof the trackextrapolatedpositionz

N;rack (ZL‘)

1)

eo(x)

where N/"°*(z) is the numberof trackscrossinglayer ¢ at the positionz andhaving a hit in eachof the other
threelayersand IV, is the subsebf N/"2*(z) composedf trackswith afourth hit in layer ¢ within +L from the
track. In ordernotto dependn the detailsof thereconstructionthefourth hit is notrequiredto beincludedin the
definitionof thetrack.

We expect,aswe have alreadymeasuredn the past(seefor example[8]), thattheefficiency doesnotreach100%

becausef the“shadav” causeddy the I-beams especiallyfor tracksalmostperpendiculato the layer. Figure9

shavs an exampleof the efficiency computedcell by cell in the four layers. Due to the appliedalgorithm, we
expectto obsere a lower efficiency for the first andlastchannelsf the readoutmap,because track cancrossa
neighborcell which is not readout. For our acquisitionschemethis happendor channelsat the border(channel
1) andatthe half chambei(channels36, 37).

Plots of the type shawn in fig. 9 are computedfor every producedchamberand storedin a database.They are
usedto quickly checkthe uniformity of the chamberandto crosscheckthe presenceof faulty channels.Faulty
connection®n eitherthe HV or FE sidehave visible effectson theseplots. Theaverageefficiency is aroundd9%.

Sometimest is also usefulto checkthe efficiencgy within a single cell asa function of the track reconstructed
position. Figure 10 shaws this dependencéor a fully-efficient chamber The efficiency is always> 98% in the
centralregion andstartsto dropat a distanceof about2 mm from the centerof the cathodd-beam. This confirms
thattheinefficiency is totally dueto the geometricacceptancgivenby the presencef the I-beams.

Hardwareanomalieave visible effectson theseplots. An exampleis givenin fig. 11 which showns thefirst result
obtainedon chambeiMB3-008. Thefirst layerof superlaye2 shovedareducedefficiency in thelast8 cells,as
seenin thetop plot. The middle plot shows, for comparisonthe efficiency versusthe drift positionin a groupof
fully-efficientcells,while in the bottomplot onecanseethebehavior of notfully-efficientcells. It turnedout that
thebadcellshadtheir cathodeslisconnectedrom HV. The differentelectricfield geometrycausedhe obsened
dropof efficiengy in thevicinity of thel-beams.Neverthelessit is worth notingthatthe cell efficiency remainsas
highas80%.

Sincethe dropin efficiency correspondgxactly to the positionof the I-beams,arny shift of a layer of wireswith
respecto theotherscanalsobe obsenedasanasymmetryin the correspondinglot of fig. 10.

In fig. 12theefficiency (1), averagedverasinglelayer, is plottedasa functionof thetrackinclinationwith respect
tothenormalto thewire layer, for trackspassingloseor faraway from thel-beams.In thefirst casetheefficiengy
is 99.9% andindependenotf theinclinationangle.

For trackspassingcloseto an I-beam,the efficiency decreasedecause hit can be missed,dependingon the
track orientationandposition. For angles> 20° the efficiency (1) is still greaterthan98% since,for geometrical
reasonstracksproducehits in two contiguouscells of the samelayer. For trackswith inclination < 20°, the
efficiency decreaseastracksapproachthel-beam.At angles< 3° andin vicinity of anl-beam,thedefinition (1)

of efficiengy is inappropriateandyieldspoorresultssincetheinefficiency dueto thel-beamin layeri is correlated
with the inefficiencgy of layeri 4+ 2. We remindthe readerthata track requiresat least3 hits and,therefore,no

tracksarereconstructedearthel-beam,exceptperhapsvhenad-ray is produced.

A checkof the dependencef the efficiency on the wire voltagewas performedon a few chambersn orderto
validatetheworking point. Theefficiencgy is known to dependthroughthe gasgain,onthe“amplificationvoltage”
Vampt = Vwire — Vstrip- A scanin V.. wasmade keepingV.,;,, fixedat 1800 V. Theresultis plotted,layerby
layerfor all threeSL's, for chambemMB3-011in fig. 14.

Figure15 shownsthe efficiengy ata standardHV settingasa function of the FE threshold.The efficiency changes
in anegligible way whenincreasinghethresholdupto 100 mV'. The(small) efficiency lossat 10 mV' is probably
due to the higher noiserate, which can generatefake tracks. In this thresholdscan,the total numberof hits
decreaseby about9%, andis entirelydueto the decreasef thenumberof afterpulsegdefinedashitsin thetime
window betweernl}, .., and2 T}, .., whereT,, .. is the maximumdrift time). Thetrack reconstructiorefficiency
(numberof reconstructedracks/numbeof scintillatortriggers)is about70% (mainly becausef the geometryof
thescintillator system)jndependentf thethresholdfrom 15 to 100 mV'.
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For thefirst 11 chambers15 channelshave beendisconnectedmainly becausef HV problems)corresponding
to anaveragedeadchannelbccurrencéelow 0.2%.

5 Testwith cosmicrays: Mean Time and resolutionstudies
5.1 Definition

Resolutionstudies,a checkof behaior uniformity of the SL, anda first glanceat the geometricalignmentof the
layersinsidea SL areperformedusingaMeanTime method.Assuminga uniformelectrondrift velocity, theMean
Timeis thedrift time correspondingo the half-wire pitch (21 mm) andit is thereforeinverselyproportionalto the
drift velocity. Given 3 semi-cellsin the samecolumnin threesuccessie layersj, j + 1, j + 2, for eachtrackthe
MeanTime MT; 1,(gr),1(2) is definedas:

L) + Tl +2)

MTi Lr),; = 5

+Ti(j +1) 2)

wherei is the numberof thecell in layer 1 (takenasthereference)T;(j), T:(j + 1), andT;(j + 2) arethedrift

timesin thethreecells,andtheindex L (Left) or R (Right)is givenaccordingto the hit positionwith respecto

thewire in cell i. Layerj + 1 is staggeredy a half cell with respecto layers; andj + 2. Simplegeometrical
considerationshawv thatfor a uniform drift velocity M T doesnot dependnthetrackangleor position.For each
semi-column(left or right), two possibleM T's canbe obtained. The first, indexed with j = 1, is obtainedby

considerindayersl, 2, and3, the secondjndexedwith j = 2, by considerindayers2, 3, and4.

The MT is calculatedfor all trackswith 4 hits whenall hits arein the samesemi-column(which thereforeis
identifiedby theindexesi and L or R). This requirementutomaticallyselectdrackswith anangle< 30° with
respecto the vertical (seealsobelow) and causeghe populationof trackspassingcloseto the wire (andto the
I-beams)o be depletedwith respecto therestof thecell. No othercutsareapplied.

Thedrift time T; is definedasT; = t; — Ty, wheret; is the hit time recordedby the TDC andcorrectedfor the
individual delaytime ¢, ; (seesect.3), and7; is thecommondelaytime. While anaccuratedeterminatiorof Tj is
notneededor M1 resolutionstudiesandchecksof uniformity behavior, it is indeedcrucialfor the calculationof
thedrift velocity andrelatedquantities.However, it is alsoworth usingthe correctT}, valuesto comparedifferent
chambersaand differentrun conditions. Tj is measuredrom a Gaussiarfit of the derivative of the global drift
time distribution (fig. 16): 7, = A — 30, whereA is the peakpositionandc the peakstandardieviation. The
reasonfor this procedurds the difficulty in finding the starttime of the drift time distribution. For a constant
drift velocity oneshouldexpecta rectanguladistribution. Sincethe electronavalanchedevelopsat a distanceon
the orderof several wire diameterg50 pm in our case).the region aroundthe wire is inefficient when primary
ionizationelectronsaregeneratedhere. This causeshe depletionof eventsnearthe zerotime. However, the next
primary electronarriving at the wire is detectedandthis generateshe accumulatiorof eventsat a drift time of
about10 ns. This time is proportionalto the averagedistancebetweerprimary electronswhich is about0.3 mm
for our gasmixture[15].

Herewe reportthe analysisresultsregardingthe chamber-E sides,i.e. usingscintillator group5 for the ® SLs
andgroup4 for the © SLs. Theresultsregardingthe HV sidearecompatiblewith the FE side,takinginto account
the poorertime resolutionof the correspondingcintillators.

5.2 Correctionfor signal propagationtime

Correctuseof the MT requiresa correctionfor the propagatiortime of the signalalongthe cell. In fact,the cell
is a delay-linefor the signal,andeventsoccurringat differentdistancesrom the front-endamplifier, althoughat
the samedistancefrom the cell wire, reachthe amplifier at differenttimes. This time spreadaddsto the intrinsic
time resolutionif we do nottake it into account.To measurehe signalpropagatiortime, we plot the meanvalue
of the MT (i.e. averagedover all cells, over all anglesandover all positionsinsidethe cell) versusthe position
alongthe wire. If we arelooking ata SL &, the positionalongthe wire is obtainedfrom the SL ©, andvice-
versa. Theresultis shovn in fig. 17. The slopeof the linearfit is the signalpropagationvelocity vg;gnq:, Which
givesugignar = 0.244 m/ns, consistenwith the previous determinatiorreportedin [16, 10] andwith testbench
measurementd 7]. Theeffectof the propagatiortime canbeclearlyseenin fig. 17, wherethedistribution of the
averageM T is plottedbeforeandafterthecorrection.The standardieviation of thedistributionimprovesby more
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than30%, decreasindrom about10 ns to about7 ns. Notethatthelocal BTI trigger[5] cannotcompensatéor
thesignalpropagatiortime, but will seeit asa phaseshift.

Fromhereon, we alwayscorrectthedrift time 7; for the signalpropagatiortime.

5.3 MT vs. High Voltage,track inclination, and reconstructedposition

For eachcell i themearntime distributionsarecomputed Dueto §-ray production thedistributionis not symmetric
with respecto the peakbut hasa non-Gaussiateil on the left sideof the peak. Theright sideof the distribution
behaeswell andcanbefitted to a Gaussiarunction (seefor examplefig. 17). The meanvalueof the Gaussians
takenastheeffective M T value,while the standardleviationis usedfor resolutionstudies.

Thedependencef themeantime M T andthe M T resolutiono 7 onthecell number: is plottedin fig. 18. We
have to remembethat o7 is biasedby the scintillatortime resolution,which s ratherpoor, especiallyfor the ©
SL. Thereforewe look atthe M T resolutiononly to checkthe uniformity in a chambemandthe consisteng from
chambeto chamber

Figure19 showvs the dependencef theaverageMT; ;, andM 15 ; and M1 resolutionon thewire voltageVir.

for chambeMB3-011. Note thatfor the © SL, the MT resolutionis almostindependenbf V,,;-., beingcom-
pletely dominatedby the trigger resolution. We checled thattrackstriggeredby a small plastic scintillator with

a goodtime resolution(~ 1 ns) have a MT resolutionaround4 ns (at the standardH' V' setting),as expected
from previoustestbeamruns[7, 8, 9, 10]. The obseneddependencef the MT onV,,;.. agreeswell with our
previous measurementseportedin [8]. Suchbehaior canbe attribuited to the variation of the averageelectron
drift velocity in the gas. Othercontributionsarepossible,asfor examplethe factthat V,,;,.. determineghe wire

gain,whichinfluenceghe signalshapg(risetime). This time variation,known astime walk, hasbeenmeasuredo

be2 ns for a15 mV thresholdn the gainrangewe spanby changingV,,.. [11], andreflectsinto a4 ns change
ofthe MT.

Figure20 shows thevariationof AT with thetrackinclinationanglein the planeperpendiculato thewiresand
with respecto theverticaldirection. Theangleis obtainedy fitting the hits in thesameSL to a straightline. It's
worth noting thatthe apparentV T and,therefore the drift velocity, is nearlyflat up to 15° andchangesy less
than3% for anglesup to 30°. On the contrary the MT doesnot dependon the track anglewith respectio the
verticalplanecontainingthewire (fig. 21).

Fromthefit of thetrackwe alsoobtaintheclosestdistanceof thetrackfrom thewire. Theplotof the M T' (averaged
overall anglesandiscloseanomaloudehaior insidethe cells,analogouslyvith whatshavn in sect 4. In fig. 22

thebehaior of theaverageM T andthe M T resolutionarereportedasafunctionof thereconstructedirift distance
for almostperpendiculatracks(inclination< 4°). Nearthewire andthel-beamshe M T valueandresolutionare
not calculatedbecaus®f the poor statisticsavailablewith theappliedcuts.

5.4 Layer misalignment

Systematiadifferencedfor all semicolumnsn a SL betweenM T, and MTr andbetweenMT; and M T, are
causedby misalignmentsf the layers(seealso[18]). Recallingeq. (2) andthe relationshipbetweenM T and
electrondrift velocity vq.;f:, the variationsAM T of the meantime dueto a globalmisalignmentAl; of layer j
are:

Al + Al

Varigt AMT1 1 = —Varife AMTR1 = % — Al
Al Al

Varift AMTL o = —Vgrife AMTR 2 = —% + Als

wherethe M T's areaveragedverall cells. Therefore the quantities
AMT; = MTy ; — MTr; (j=1,2)

AMTy gy = MTyg)1 — MTrR) 2

areproportionalto the layermisalignmentspamely
’UdriftAﬂle = All + Alg -2 Alg

Vari ft AM Ty = —(Als + Aly) + 2 Al
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1
’UdriftAZ\/fTL = —’UdriftAAfTR = 5(A11 — Alg — Alg + Al4)

Actually, the third equationis not independentf the othertwo, thereforethe systemdoesnot have a unique
solution.Nonethelessyaluesof AM Ty, AMT; or AMTy, g differentfrom zero(within theerrors)areevidence
that at leastone layer is not aligned, and give the order of magnitudeof the shift of the layersinside the SL
(seetable2). The absoluteshifts of the layerscanbe obtainedby meansof a recursve procedurenvhich will be
describedn aforthcomingpaper

Table 2 summarizeghe MT measurementfr the first MB3 chambergroducedat Legnaro. The maximum
obseredmisalignmenis about6 ns, equivalentto alayer shift on the orderof afew hundredmicrons.

5.5 MT vs.gaspressue

Thedrift velocity andwire gaindependnthegaspressurensidethechambeffor fixedelectrodevoltages.There-
fore, we expectthatthe MT" valueswill alsochangeaccordingly We took dataat differentvaluesof gaspressure
in the chambey from 1005 mbar to 1075 mbar. The variation AMTof the MT (with respectto the value at
1020 mbar, whichis our standarcpressureondition)with thegaspressuras shovn in fig. 23. The effectis small
but measurableThedrift velocity variesby lessthan1% for AP ~ 70 mbar.

It is interestingto comparethis graphwith fig. 19, which shaws the variationof the MT" with the wire voltage
Vwire- Sincethedrift velocity (alongwith otherphysicalquantitiessuchasdiffusionandwire gain)is afunctionof
theratio £/ P, whereF is theelectricfield and P thegaspressurewe expectthattherelative variationAMT /MT
will be proportionalto therelative variation %. Apparentlythis is not the case.At the standardHV setting,
the averageelectricfield is around2.3 kV/em andis proportionalto Vi,ire — Veathode- The changeof V. in
fig. 19 correspondso arelative variation AE/E = AV,ire/Viire = 5.4% (takingasreferencehe point at the
standardHV settingandat P = 1020 mbar). In fig. 23 the relative pressurevariationis AP/P = 7%. The
MT variationsAMT arerespectiely 6 ns (thecontribution from the FE time walk hasbeensubtractedand3 ns
andmissby abouta factorof 2 the proportionalitywith %. The dataaresummarizedn tablel. A possible
explanationis thata variationof V,,;,. producesotonly a changen E/ P but alsoa changein the electricfield
linesandthereforein the pathof theionizationelectrons.On the otherhand,a variationin the pressurechanges
theratio £/ P without modifying the electronpath.
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Figure23: Variationof the MT" asafunctionof thegaspressuravith respecto the M7 valueat P = 1020 mbar.
Thedatareferto chambemMB3-006 at the standardHV andthresholdconditions.
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Tablel: Variationof the M T with theratio E/ P.

AE/E%) | AP/P(%) | AMT (ns) || 2222 (%) | AMT/MT (%)
54 0 -6 54 -1.6
0 6.9 3 -6.9 0.8

Table2: Summaryof MT resultsfor the first 11 MB3 chambers.All dataarein ns. Trigger resolutionis not
subtractedChamberdviB3-002 andMB3-003 wererun with a variablegaspressureThe gascompositionof the
lasttwo chambersvasslightly differentfrom the CMS standardmixture.

ChamberSL MT, o1 ]\4T1,L ]\4T1,R MT, [op)) Z\’JTQyL ]\/[T27R AMT, | AMT,
MB3-002,®1 || 385.1| 8.63 | 383.4 | 386.8 || 385.6| 8.53| 385.7 | 385.5 -2.5 0.1
MB3-002,0 388.9| 9.67| 386.9 | 390.7 || 388.4| 9.88| 385.2 | 391.2 -3.5 -6.1
MB3-002,92 || 383.6| 8.42| 383.0 | 384.2 || 383.9| 8.11| 382.9 | 384.7 -1.2 -1.8
MB3-003,®1 || 373.6| 7.9 | 373.2 | 374.0 || 374.1| 8.0 | 373.6 | 374.6 -0.8 1.1
MB3-003,6 375.21 9.6 | 373.0 | 377.1 || 378.0| 9.6 | 374.7 | 380.8 4.7 4.1
MB3-003,92 || 374.6| 8.1 | 374.2 | 3749 || 3749| 7.7 | 375.1 | 374.7 -0.7 0.3

MB3-004,®1 || 380.1| 7.2 | 380.2 | 380.0 || 380.2| 7.4 | 3794 | 381.1 0.1 -1.7
MB3-004,0 || 394.0| 95 | 394.1 | 393.8 || 394.1| 9.3 | 395.6 | 3924 0.0 2.9
MB3-004,®2 || 380.3| 7.5 | 378.0 | 382.8 || 380.5| 8.0 | 377.7 | 383.6 -4.8 -5.7
MB3-005,®1 || 379.1| 7.0 | 379.8 | 378.4 || 379.2| 6.7 | 379.9 | 378.6 1.6 14
MB3-005,0 || 376.8| 10.2| 376.2 | 377.4 || 377.4| 10.0| 378.1 | 376.8 -1.6 0.7
MB3-005,®2 || 377.7| 7.5 | 3751 | 380.3 || 377.6| 7.1 | 375.8 | 3795 -5.3 -3.7

MB3-006,®1 || 383.2| 7.1 | 3829 | 383.4 || 383.6| 6.9 | 383.3 | 383.8 -0.6 -0.3
MB3-006,0 || 382.4| 9.9 | 382.2 | 3825 || 3829| 95 | 383.3 | 3825 -0.8 0.5
MB3-006,92 || 382.3| 7.4 | 379.5 | 385.1 || 3824| 7.4 | 379.8 | 385.0 -55 -5.2

MB3-007,®1 || 381.1| 7.2 | 380.5 | 381.6 || 381.4| 7.1 | 379.7 | 382.9 -1.0 -3.1
MB3-007,0 || 381.5| 10.2| 381.0 | 381.9 || 382.0| 10.1| 381.9 | 382.0 -1.1 -1.0
MB3-007,2 || 381.7| 7.2 | 379.8 | 383.6 || 381.8| 7.3 | 379.7 | 384.0 -3.8 -4.1
MB3-008,®1 || 381.5| 7.0 | 380.7 | 382.2 || 381.7| 6.9 | 381.1 | 3823 -1.6 -1.4
MB3-008,0 || 381.3| 10.0| 381.7 | 381.0 || 3825| 9.5 | 382.6 | 3824 -0.4 0.5

MB3-008,92 || 381.0| 7.0 | 381.1 | 380.8 || 380.8| 6.8 | 380.6 | 381.2 0.2 0.6
MB3-009,®1 || 380.4| 7.1 | 380.6 | 380.1 || 380.5| 7.0 | 379.9 | 381.1 0.5 -1.0
MB3-009,0 | 378.9| 10.0| 377.9 | 379.7 || 379.8| 10.0| 379.6 | 380.1 -2.0 -0.7
MB3-009,®2 || 379.4| 7.0 | 3789 | 379.9 || 379.4| 6.9 | 379.2 | 379.7 -0.9 -0.6
MB3-010,®1 || 386.0| 6.9 | 385.5 | 386.6 || 386.0| 7.2 | 387.2 | 384.9 -1.0 2.2
MB3-010,0 | 382.6| 10.0| 382.8 | 382.3 || 383.2| 10.2| 382.8 | 383.7 0.3 -0.9
MB3-010,®2 || 384.0| 7.0 | 3829 | 385.0 || 384.1| 6.7 | 383.6 | 384.6 -2.1 -1.1
MB3-011,o1 || 387.5| 7.8 | 3849 | 390.2 || 387.3| 7.1 | 386.0 | 388.4 5.4 -2.5

MB3-011,0 || 384.5| 10.5| 384.3 | 384.6 || 385.0| 95 | 384.9 | 385.1 -0.2 -0.2
MB3-011,®2 || 384.8| 7.0 | 384.4 | 3851 | 384.7| 6.8 | 383.6 | 385.7 -0.7 -2.3
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Figure24: Distribution of the average®-wire (top) and©-wire (bottom)noiserate,averagedover eachlayer, for
thefirst 11 MB3 chambersuilt at Legnaro.

6 Conclusions

In this notewe have presentedhe resultsof ananalysisperformedon eachchamberbuilt at the LegnaroINFN

Laboratorieswhich were usedto disclosepossibledefectsin the constructionor in the electricalcabling. We
demonstratethattheproceduras very effectivein finding disconnecteélectrodescheckingtheglobaluniformity
andperformanceof the chambersandidentifying misalignedlayers. Moreover, we have extensiely studiedthe
main featuresof the detectorover its entire sizeandat the sametime usingall possibletrack orientations.Such
analysisvasneverdonebeforeon CMS MB chambersandis complementaryo testsusingcollimatedbeamsrom

accelerators.

We find that the measuredperformanceis fully compatiblewith the previous testbeammeasurementsThis
demonstratethatthe chambebehaior canbefully characterizedisingcosmicrays. Furthermorewe shaw that
cosmicraysareaseffective ascollimatedbeamsn themeasuremendf thewire misalignmentndthelayershifts.

Sofar, theoverallquality of thechamber$uilt atLegnarois satishctory with all parametersvithin theestablished
tolerances All the chamberfeaturesarewell reproducedrom chamberto chamberasshaown by fig. 24 for the

electronicnoise,by fig. 25 for theaverageSL efficiency, andby table2 andfigs. 26 and27 for the M T resolution.
TheSL efficiency is alwayslargerthan98%.
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