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Abstract

We presenthe designof the RPCdetectordor the LHCb Muon systemandthe present
ideasaboutconstructiorandassemblyphasesWe give anupdatedestimateof the costs.
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1 Introduction

In our previous note[1] we presentech proposalfor equippingthe outerregion of the LHCb

muondetectowith Resistve PlateChambergRPC).A baselinesolutionwith RPCsin regions
3 and4 of muonstations4 and5 hasbeenchoserby thecollaboratiori2]. Themainpurposeof

thisnoteis to presentdetaileddesignof the RPCdetectorgor LHCb to supporthe Technical
DesignReportfor the Muon System[3]. Someof the needednformationhasbeenextracted
from testsperformedafterthe submissiorof the proposalthisis discussedh thenext section.
We alsopresenmoredetailedconsiderationgsiboutconstructiorandassemblyphasesandan
updatedestimateof the costs.

2 Updated tests of prototype perfor mances

In this sectionwe describefurther teststhat have beendoneon prototypesto answerto the
main questiondeft openin Ref.[1]. Theseconcernthe choiceof a baselinesolutionfor the
front-endelectronicsandthe possibility of readingoutthe chambersvith wider pick-upstrips.

2.1 Front-End eectronics

In Ref.[1] we presentediwo possibilitiesfor thereadouthip: theGaAsbasedolutionadopted
by ATLAS andthe BICMOS basedchip developedby CMS. Unfortunatelythe production
procesonwhichtheformersolutionwasbasedecamen themeanwhileobsoleteruling out
sucha possibility. A few BICMOS chipswerekindly madeavailableto us by the CMS-Bari

group.

211 TheBiCMOSfront-end chip

The propertiesof the CMS readoutchip [4] aresummarizedn Tablel. The front-endCMS
ASIC chip hasbeendesignedand manufcturedin the 0.8um BiCMOS technology The
circuitcompriseightchannelseachconsistingof anamplifier, azero-crossingliscriminator
a mono-stableand a differential LVDS line driver. A block diagramfor the single channel
is shavn in Figure 1. The preamplifierhasan input impedanceof about15Q at the signal
frequencies.Sucha low valuefor the inputimpedancenasbeenchosento matchthe lowest
value of the characteristiampedanceof the CMS strips, and is closeto the characteristic
impedancef our 6 cmwide strips(13Q).

Gain Stage Zero-crossing Monostable Driver
Discriminator

Dummy Preamplifier

Figurel Single-channeblock diagramfor the CMS front-endchip [4].



Tablel Nominalpropertieof the CMS readoutchip.

Technology 0.8um BICMOS
Dimensions 2.9x2.6 mn?
Inputimpedance ~15Q
Input Polarity negatve
DynamicRange 20fC —-20pC
ThresholdRange 20fC —500fC
Chage Sensitvity ~1mV/fC
Preamm@Bandwidth 116 MHz
EquivalentNoiseChage 4fC
Outputpulsewidth 50ns—-300ns
Outputlevel LVDS
Pawer supply +5V, GND
Pawver consumption ~45 mW/channel

2.1.2 Calibration and test

Testand calibrationof the chips, mountedon the first versionof the Front-EndBoard (see
Section3.4),have beenperformedasfollows. Thechannelundertesthasbeenfedwith asignal
of variableamplitudeVi, througha capacitorof Ci;=1.8 pF connectedirectly to the input
terminalon the FEB. Measuringthe efficiency of the chip to producea signalasa function
of Vi, allows the determinationof the effective thresholdVeg, correspondingo the chage
Ver - Cin. We have alsomeasuredhe arrival time of the chip responsevith respecto atrigger
signalalsoprovidedby thegeneratoof thetestpulse;in thisway thejitter of thechipresponse
couldbemeasured.

A typicalresultfor thresholddeterminations shavn in Figure2, top: the slopeatthepoint
wherethe efficiency crossed.5is a measureof the amplifier noisewhich is of the orderof
2 fC, in agreementvith the specificationgrom the Bari group.

Theaveragehresholdcalibrationovertheeightchannel®f oneof thetestedchipsis shavn
in Figure 3, top-left, asa function of the nominalthresholdvalue. The minimum/maximum
variationateachpointareshavn aserrorbars,giving visually anideaof the uniformity within
the chip. This is given quantitatvely in the middle part of the figure, wherethe RMS of the
eightchannelss shawvn for the effective thresholddeterminationsthe spreadover the chip is
of the orderof 5% of the meanvalue.

Thebottom-leftplot in Figure2 shows atypical resultfor the measureditter, the RMS of
whichis of theorderof 0.15ns. TheRMS of meanjitter asa functionof thenominalthreshold
is shavn in Figure 3, bottom-left. The uniformity is within 0.35ns,whichis negligible when
comparedo the time resolutionof the system.The threeplots on the right of Figure 3 shawv
the uniformity amongthe six chipstestednsofar.

For thefuturewe planto automatizeandspeed-uphetestproceduraisingareadousystem
which shouldallow to testa significantsampledractionof thetotal amountof chips.

2.1.3 Radiation hardness

The 0.8um BICMOS technologyis not intrinsically radiationhard. However, the radiation
dosesexpectedduring operationof the LHCb detectorarerelatively small: about10 Gy/year
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Figure2 Exampleof resultfrom chip calibrationat a nominalthresholdof 100 mV. Top: efficiengy
asafunctionof theinputsignaldefiningVes. Bottom arrival time of the chip response.

The CMS collaboratiorhasperformedatestusingphotons(1.7 Gy) andfastneutrong70 Gy
eguvalent)andfoundno performanceamodification[5].

2.2 Testbeam measurements
2.2.1 RPC with BICMOS electronics

The BICMOS chip hasbeendesignedo readout the double-gagRPC chamberof the CMS
experiment.The CMS chambersliffer from theonesproposedor LHCb in termsof thelayout
of thereadoutplaneandthe compositionof the gasmixture (no Sk in CMS). To asses the
BiCMOS chipis suitedfor our needswe have measuredheefficiengy andclustersizeof areal
RPCchambereadoutwith BICMOS electronicdn the X5 beamfacility. For this purposewne
equippeda 50x 50 cn¥ singlegapRPCwith 16 channelsreadingthe signalspicked-upon 16
stripsof dimension3x 25 cn?. Thesestripswereterminatedaccordingto their characteristic
impedanceof about27Q. This RPCis referredhereafteras“BiCMOS RPC”. As areference
we alsomeasuredn the sameconditionsa RPCof the samesizeequippedwith the socalled
“standard”electronicsusedfor our previous tests. The strip length on this referenceRPC
was50 cm. For practicalreasonghe effective thresholdswveredifferent: about120fC on the
referenceRPC,about180fC for the CMS electronics.

Theresultsof thetestareshown in Figure4. Thetop plot shavstheefficiengy asafunction
of the appliedvoltage;the plateaustartsat highervoltagesfor the BICMOS RPCbecausef
the higherthreshold. The middle plot shaws the relationbetweerclustersize and efficiency,
which is not expectedto dependon the thresholdvalue. Finally the bottom plot shows the
clustersizeasfunction of the positionwherethe particle crosseghe strip. Herewe seethat
the BICMOS RPChassmallerdirectcrosstalk (the peaksnearthe strip bordersarenarrover)
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Figure3 Testof afront-endchip (left column): averageeffective chage asafunctionof thenominal
threshold(top; the error barsindicatethe rangeof variationof the eightchannels)RMS of the results
of theeightchannelgmiddle); RMS of themeanarrival timesof theeightchannelgbottom). Summary
resultsfor the six BICMOS chipscalibrated(right column): calibrationslope(top); slopeRMS for a
thresholdof 100mV (middle);jitter RMS (bottom).

asexpectedfrom a higherthreshold. On the contrary the capacitve crosstalk, measuredn

themiddle of the strips,is similar, whereaonewould expectit smallerfor theBICMOS RPC
becaus®f the shorterstrips;we have not studiedthis in detail, but the qualitative explanation
is basedon the factthat the capacitve crosstalk alsodependon the peakingtime andit is

expectedo belargerfor thefasterelectronicg6], whichin thiscasds theCMS one.Thesmall
differencedetweerthetwo setsof resultscanthereforebe understoodvith thedifferencesn

theappliedthresholdsandin the electronicgiming properties.

Fromthis testwe candraw theconclusiorthatthe CMS BiCMOS electronicssatisfiesour
basicrequirementsnd,therefore canbe choserasbaselingor the RPCreadout.Depending
on the availability, we planto testalsothe ASDQ [7] andCARIOCA [8] chipsdevelopedfor
the MWPC, which potentiallyhave somenice featurethat could allow operationof RPCsat
lower threshold.

2.2.2 Test of a RPC with 6 cm strips

Themeasurementdescribedn [1] andin the previoussectionhave all beendoneusing3 cm
wide stripsto readout the detectorsThe possibilityto reducethe numberof readoutchannels
by doublingthe strip width hasbeenervisagedandtaken asbaselinesolution([3], Tablel).
Testsof the detectomperformancevith 6 cm wide stripswerethereforeneeded.For this pur-
posea 50x50 cn? single—gapRPC, oiled 1, was equippedwith 30 cm long readoutstrips,
terminatedntheir characteristitmpedancewhichis aboutl3 Q, i.e. half theoneof the3 cm
wide strips. The signalsinducedon the stripswerereadout with the BICMOS electronics. A

1ThestandardATLAS linseedoil treatmen{(oil:eptane= 40:60)wasapplied.
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Figure4 Comparisorbetweertheperformancesf two identicalchambergquippedvith “standard”
andCMS electronics:Efficiency vs appliedvoltage(top); Efficiengy vs ClusterSize(middle), Cluster
Sizevs X strip position(bottom);strip sizewas30 mm for thistest.

scintillatortelescopavassetupin the laboratoryasshovn in Figure5. The selectecareawas

about6x6 cm?.

19x25 cm? scintillator

I 50x50 cm? RPC

——— 6x30cm’ strip

10x24 cm® scintillator

Figure5 RPCwith 6cmreadoutstrips:laboratorysetupfor testswith cosmicrays.

As shown in Figure6, left, the time resolutionremainedbetterthan 1.2ns, thereforenot
worsenedy the useof the new electronicsandthe new strip size. Figure6, right, shavs the
darknoiserateper channelwhich wasalwayslessthan0.2Hz/ cn.

Figure 7 shows the efficiengy curve for two thresholdvaluesof about70 fC, 100fC and
130fC; theefficiengy in theplateauwvaslargerthan97%in all casesTheclustersizeoverthe
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Figure 6 RPCwith 6¢cm readoutstrips. Left time resolutionwith BICMOS electronics(trigger
resolutionunfolded).Right: darkratesasafunction of theappliedvoltagefor thereadoutchannels.
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Figure7 Cosmicraystestof asingle-gagRPCreadoutwith 6 cmwide stripsandBiCMOS electron-
ics: Efficiency vs. appliedvoltagefor threedifferentthresholdvalues.

beamspot,i.e. essentiallyover onestrip, hasalsobeenmeasured An exampleis shown in

Figure8, left. In Figure8, right, the measureefficiengy is shavn asafunctionof theaverage
clustersizefor two valuesof thethreshold.For comparisonthe rangeof valuesobtainedwith

3 cmwide stripsin thetestbeammeasuremeneportedn the previoussectionarealsoshowvn.

We seethatwith wider stripsthe performancesn termsof clustersize arevery satishctory
andcloseto the very bestcasewhich could be obtainedwith 3 cm wide strips. However, a

preciseassessmertf the capacitve and geometricalcontributionsto the clustersize needs
furthermeasurementsith testbeamsscheduledor the nearfuture.

3 RPC detectors

3.1 System overview

A schematioverview of the RPCsystemis givenin Figure9. Part of thereadoutchain(the
Intermediate—Boardandthe Off-DetectorBoards)is in commonwith the restof the muon
system All theothercomponentshowvn in thefigurearespecificor have specificrequirements
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from theRPCs.Thesewill bediscussedn the next subsections.

3.2 Detector overview

Thechoiceof thetype of RPCdetectoris drivenby efficiency andredundang considerations
of the systemrequiring two independentneasurementsf the traversing particle per each
muonstation. This leadsto a configurationwith two detectorger station. We have shavn in
Ref.[1] thatthe OR of two singlegap RPC satisfieshe requirement®f having a good effi-
cieng plateaufor anaverageclustersizebelov 2. Therefore we have choserasbaselinghe
configurationshavn schematicallyn Figure10. Thetwo strip planesreadoutindependently
areplacedbetweenthe two gasgapsin sucha way to provide automaticallythe shieldingof
thetwo gaps.Thegraphitegroundlayerfaceshereadouplane,aconfigurationwhichreduces
the pickup of power supplynoise.

3.21 Chamber design

The chambemphysicaldimensionsare determinedoy the logical padsizesandthe attemptto
minimize the numberof chambettypes.All therelevantnumbersaresummarizedn Tablesl
and 2, andvisually representedh Figure1l. The optimizationof the Muon systemlogical
layout[9], hasled, for station4 (5), to logical padsizesof 116x 145mm? (124x155mm?) in
region 3 andof 232x290mn? (248x309mmn¥) in region 4. The minimal numberof chamber
typesper stationis thenobtainedwith chambersizeswith active areaof 1391x290mm? and
1485x 309 mn? in station4 and5, respectiely. This solutioncorrespondso stripsrunning
vertically alongthe shortestside of the chambers.In region 4 the stripshave the full length
(about300 mm) and arereadout at oneend. In region 3 they arecut in the middle andare
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Figure 9 Schematioovervien of the RPC system. Acronyms: Front—-End—Board§FEB), Interme-
diate—BoardgIB), Off-Detecto+Boards(ODE), Paver Supply GeneratorBox (GB), Paver Supply
Distributo—Box (DB).

readout at both ends,on the chambemupperandlower edges. The baselinesolutionfor the
stripwidth in station4 (5) is 56 (60) mm, locatedwith a pitch of 58 (62) mm andinterleaved
with narrav groundstrips of 0.5 mm. The shortnesof the strips should allow operation
withouttermination 6], whichwould simplify constructionhowever, thissolutionneedsome
additionaltest. Finally, in orderto further simplify the constructionwve planto have the same
gapsizefor all the chambers.This is possiblesincethe active areaof the detectorcanbe
determinedby the graphitepaint, which canthereforebe adjustedaccordingto the needsin

eachstation.

To summarizethe physicaldimensionswill be the samefor all the chambersf a given
station;a differentstrip readouts however neededor regions3 and4; this makesatotal four
differentchambettypes,therelevantquantitiesof which aresummarizedn Table2.

An explodedview of theRPCchambeiis shavn in Figurel12.

3.2.2 Mechanical structure and design

The designof the mechanicaktructureis driven by the requirementof low specificweight
(<20 kg/m?), smalloverall thicknesg<60 mm) andrigidity of thewhole system.
A detailedcrosssectionof the basicchambelis shovn in Figure 13. EachRPCdetector
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Table 2 Relevant numbersof the LHCb muonsystemin the regions equippedwith RPCs. Where
relevant,the horizontaldimensionj.e. theonein thebendingplane,is givenfirst.

Physical quantities: Region 3 Region4
Station4 Station5 Station4 Station5
DetectorSurface(m?) 19.3 221 77.4 88.3
Horizontaldimension(cm) 139 149 278 297
Verticaldimension(cm) 116 124 232 248
Numberof chambers 48 48 192 192
Chambersensitvearea(cn?) || 139x29 | 148.5<30.9| 139x29 | 148.5<30.9
Channekize(cn?) 5.8x14.5 | 6.2x15.5 5.8x29.0 | 6.2x30.9
Maximal rate(Hz/cn) 750 650 250 190
L ogical quantities: Region 3 Region4
Station4 Station5 Station4 Station5
Horiz. channekize(cny) 69.5x14.5| 74.3x15.5 || 139.1x29.0 | 148.5x30.9
Verticalchannekize(cm?) 11.6x57.9| 12.4x61.9 || 23.2x115.9| 24.8x123.8
Pad granularity(crm?) 11.6x14.5| 12.4x15.5 || 23.2x29.0 | 24.8x30.9
Numberof horizontalstrips 48 48 48 48
Numberof vertical strips 72 72 72 72
Numberof logical channels 120 120 120 120

Table3 Relerantnumberdor thefour RPCchambetypes.

Type | Region | Station| Number| Sensitvearea| Stripsize Numberof
XxY (cm?) | XxY (cm?) | physicalchannels
4.3 3 4 48 139%x 29 5.8x14.5 48%x 2
5.3 3 5 48 148.5x30.9 | 6.2x15.5 48x 2
4.4 4 4 192 139x29 5.8x29.0 24x2
5.4 4 5 192 148.5<30.9 | 6.2x30.9 24x2
Total: 480 27648
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Figure10 Schematidayoutof thechambewith two independenRPCshaving thetwo gaps(RPC1
andRPC2) andthereadoutstrip assemblyn themiddle.

(Figure 14) is madeof two balelite plates2 mm thick; the choice of the balkelite volume
resistvity is drivenby considerationaboutratecapability;we planto usebakelite with volume
resistiity of (6—10)10° Qcm. The balelite is laminatedwith a thin melaminelayer on the
side facing the gas,with the purposeof reducingthe noise by improving on the quality of
the surface[10]. The balelite platesare kept parallel by polycarbonatespacers,10 mm in
diameterand2.00+0.01 mmin height,positionedo form asquarearrayof 10x 10 cn¥ basic
unit. Thetopologyfor spacermpositioningis differentin thetwo RPCsof a chamberto avoid
correlatedblind zones.A polycarbonateectangulaframe,7 mmwide andof the sameheight
andtolerance®f the spacersis usedto closethegapontheedges.The spacerandtheframe
arevisiblein Figure13. Thecirculationof thegasis insuredby four gasinlets/outletglacedat
thefour cornersof thedetector They arealsomadeof polycarbonatandare3 mmin diameter
All theseparts(balkelite plates spacersframe,gasin-out/lets)aregluedtogethemsingepoxy
adhesies.Externallyto thegapsthegraphitdayerswill have asurfaceresistvity of about100
kQ/squareandareelectricallyinsulatedby meansof 200 um thick Polyethylene-&raphtalate
(PET)films gluedonthegraphiteitself (Figure14).

The mechanicaligidity of the chambemwill be insuredby an externalaluminumcaseas
shavn in Figure 13. The two external panelsare madeof a light material, like expanded
polystyrene?, 40 kg/m? density sandwichedetweentwo aluminumsheets0.5 mm thick,
gluedwith epoxy adhesies. The overall thicknessof eachpanelwill be of about10 mm.
Thesepanelsarerigidly connectedn the sidesby shapedaluminumprofiles,2 mm thick, as
alsoshown in Figure13. Theright pressureon the detectorgapsis insuredby polycarbonate
spacergplacedin betweenthe gapsandthe externalpanelsin correspondencef the internal
spacers.

2We shouldmentionherethataccordingto the reportSafetyinstructions41, polystyrenes not suitedfor use
in LHC experiments Alternative materialsareunderinvestigation.
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Figure 11 Definition of the relevant basicunitsin the stationlayout. The dimensionof the logical
stripsin region 3 arehalf of thosequotedfor region 4.

3.2.3 Signal readout

As mentionedabove the strip planesarelocatedcloseto the centerof the whole systemwith
their groundplanesfacingeachother Figure 15 shovs anenlaged crosssectionof the strip
planes.To improve the modularity of the systemandto simplify the constructiorwe planto
connecthesignalstripsandthefront-endelectronicsia astandaradonnectoasshowvnin Fig-
ure 13. In thisway the signalgeneratiorpartof the chambeiis electricallyinsulatedfrom the
rest,aconfiguratiorwhich minimizesandstabilizeshe noiseof thechambersWe areconsid-
eringthefeasibility (in termsof costanddielectricproperties)f printing the strip/micro-strip
configuratioronaFR4layer, 0.8 mmthick, whichwouldthenbegluedona3.2mmthick plate
madeof an expandedoam-—like material. The basicstrip moduleswill look asin Figure 16;
this solutionwould additionallysimplify the constructiorby avoiding the useof interconnect-
ing cablesfor the extractionof thesignal.

13
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Figure12 Explodedview of theRPCchamber

3.24 Integration in the LHCb muon detector

The choiceof having the samephysicaldimensiondor MWPCsandRPCshassimplifiedthe
integration of the basicchamberin the eachmuon station. The relevant requirementsabout
specificweightandoverall thicknessof the chamberaresatisfiedby the choicesdescribedn
the previous sectionsandprototypesolutionsfor the overall integrationavoiding deadspaces
and with the necessangpacefor cablesand gaspipeshave alreadybeenpresentedy the
FrascatandCERNgroups[11].

3.25 Thermal considerations

The main sourceof power dissipationof the RPC systemis the Front-Endelectronics:the
96 channelsreadingout the chamberdn region 3 will dissipateabout4 W, equialentto 8
W/m?2. This may requiresomecooling system:sometestsof possiblesolutionsare planned.
Furthermorethe power dissipatiorin theRPCdetectoiitself is nota priori entirelynegligible.
Assumingan averageparticleflux of ®g = 375Hz/ cn? (Region 3), the currentdensityturns
outto beJ ~ 10nA/ cm? or 100pA/ m?. At 10kV the power P dissipatedn the gasof the
RPCgapis aboutl W/mZ.

Thetemperatureise of the systemdueto thedissipationof P canbe estimatedasfollows.
Underthe assumptiorthatthe molar specificheatis ¢, = 4R, thetemperatureise of the gas
perseconds givenby

: P
T_m_O.BK/s

14
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Figure 13 Chambercrosssection: Al-polystyreneexternalpanels(1); HV contacty2); RPCdetec-
tors (3); 3M connectorq4); polycarbonatespacerg5); strip planes(6); shaped-aluminunexternal
profiles(7). Dimensionsarein mm.

| . | insulating
o~ ; resistive layer 1 — foil

gas gap

Figure 14 RPCdetectorcrosssection. The insulatingfoil andthe resistve layersarenot to scale.
Dimensionsarein mm.

(heren ~ 0.01 is the numberof moles). Thereforethe gaswill rapidly go to thermalequi-
librium with the bakelite andthe surroundingstructure.Taking into accountthe thermalcon-
ductvity of thebalkelite (k,=0.2W/(m K)) andof the expandedoamlayers(k,=0.029-0.042
W/(m K)) we obtainfor thetemperatureise of the detectors

AT(°C) ~ TE ~0.34°C,
Kp
d beingthethicknesof the balelite layer. Thereforeevenin the mostpessimistichypothesis

15



pickup strip guard strip pickup strip

| | |

- - -
\

<— insulating foil

<«<— ground planes

\ — W
/ :g(:g
\ < A al
[ [

- Wy

dielectric substrate (%
= O=O=O=O=0=0=

Figure15 Crosssectionof thestrip planes.

Region & Region 3

145/155

290/309
|

strip strip

bl el

58/62 58/62

Figure 16 Printedcircuit for strip planes.

that the heatis dissipatedby corvection only, the rise of the systemtemperaturds rather
modest.

3.3 Consderations about linseed oil treatment

It is well known thatdepositingathin layerof linseedoil onthe bakelite surfacehasthe effect
of improving the characteristic®f the surface,andhelpsin reducingthe noiseandthe dark
currentof the RPC.This happengartly becausdinseedoil hasa larger conductvity thanthe
balkelite.

3We have cross-checkdthis with the help of the calculatorprovidedin Ref.[12].
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Thetreatmenbf the bakelite plateswith linseedoil wasrecentlymuchdebatedn theRPC
community Thiswastriggeredby the problemsfacedby BABAR [13], which wereattributed
to high-temperatur@perationcoupledwith improperoil polymerization:in a “sticky” layer
the oil canform “stalagmites’becauseof electrostaticattraction,that can eventually short-
circuit thegapmakingthe RPCstopworking.

Sincetheoil is appliedwhenthe gapis assemble@dndsealedguality control of the layer
is very difficult. Thereforeit would be preferableto avoid the oil treatmentwhich would also
simplify the constructionof the detectors.However, this will unavoidably increaseboth dark
currentsandnoise.

Theincreasedlark currentwill resultin extra ageing. In orderto control this effect, the
dark currentshouldbe kept below the currentdueto the flux of real particlestraversingthe
detector(seeTable2). Consideringasacceptablanextra-ageingf 25% (referrecto chambers
in Region 3), RPCswithoutoil treatmentvill beconsidered viablesolutionif thedarkcurrent
densitycanbe keptbelav 3 nA/ cn? or 30 uA/ m?. Assumingthatthe averagechage of the
noisehits is 30 pC this corresponds$o a maximumnoiserate of 100 Hz/ cn? per RPCgap,
whichis well below therateacceptabldy thetrigger(seeFigure 17).

Preliminary studiesperformedby the CMS collaborationwith non-oiledchamberd14]
have shavn thatwith the melaminetreatmenibf the balkelite platesit is possibleto reachfull
efficiengy keepingthe noiselevel below 50Hz/ cré.
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Figure 17 Effectof loweringof singlegapefficiengy (top) andRPCnoise(bottom)ontriggerperfor
mance.Threevaluesof minimum-biasretentionareconsidered.

A testof RPCswithoutlinseedoil treatments plannedjn orderto assesf thesedetectors
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canbeusedin the experiment.

3.4 Front-End Board

Thepurposeof Front-EndBoard(FEB) is to househeelectronicghatproduceghesignalsfor
highlevel processingThe FEBswill bedirectly pluggedonthedetectorsidebeingreadout.

Thestructureof theFEBshasnotyetbeenfrozen. The Front-Endarchitecturg¢15] requires
that part of the logic statesare moved on the detector For this purpose,a new chip called
DIALOG (Dlagnostics,time Alignment and LOGics) is being developed,the functionality
of which compriseshe possibility to adjustthe timing of eachsingle channelandto make
different OR and,for deluggingpurposes AND combination®f theinputsignals.At present
stagethe DIALOG foreseed 6 LVDS inputswith four ORingor ANDing possibilities:3x8
channelg OR8,ANDS, 2 outputs),6x4 channel{ OR4,AND4, 4 outputs),12x2 channelg
OR2,AND2, 8 outputs).

Thenumberof physicalchannelsn the caseof RPCsis 2x 24 pereachchambeisidebeing
readout. Thesechannelsareprocessedyy 6 readoutchipsandby threeDIALOG chips.

Two approachesiave beenconsidered.Thefirst is to have two differenttypesof boards,
onefor the readoutchipsandonefor the DIALOG boards;the latter could possiblybe stan-
dardizedfor all the chambersn the muonsystem.The secondapproachs to have only one
boardhousingthe two differenttypesof chips. This would allow minimizing the numberof
outputconnectors.Thetwo approachesrepresentlybeingdiscussedandthe choicewill be
takenaftertestingon prototypes.

Theoperationatequirementsf the CMS readouthiparealV supplyof +5V andasignal
to adjustthethreshold.This canbeeithera DAC register(threeof thesearepresentlyforeseen
in the DIALOG design)or via a voltagevariablein the range0-5 V. Here againthe final
decisionwill betaken aftertestingon prototypes.The power andthresholdsettingshouldbe
providedvia ECS.

A first prototypeof a FEB with 8 channelsonly hasbeendevelopedfor thetestchambers
andis shavn in Figure 18; this prototypeis designedo readout 8 strips3 cm wide, with the
channelinputsdirectly solderedon the strips,i.e. without intermediateconnectorsThis pro-
totypeimplementghe remotethresholdsettingvia additionaladjustablevoltage. The second
prototype,presentlyunderdevelopmentshouldbe closeto thefinal form, housingtwo chips
andtheconnectorso take thesignalout of thechambersThis FEBwill readoutthe16signals
correspondingo 8 adjaceniphysicalchannels.The channelf the chipswill be assignedo
the readoutstripsin sucha way that, in the event of a faulty chip, a physicalchannelis not
completelydead.

3.5 Servicesystems
3.5.1 Power supply system

Pawer supply requirementdor the RPC systemare relatedto the high voltage (HV) to be
appliedto thegasgaps(maximum12kV) andthelow voltage(LV) neededo powerthe FEB
boards(a single positive voltageis required). The RPC systemneeds960 HV and 960 LV
channels.

The RPC power supply systemis madeof two main blocks: a main board (Generator
Board, GB), locatedin the countingroom, supplying48 V and managingthe remotecon-

18



Figure 18 Pictureof thefirst versionof the Front-EndBoard.

trols andmonitoring,anda remotesystem(Distributor Box, DB), locatedin the Off-Detector
Electronicsracks,consistingof a radiationtolerantboardhostinga transformatiorstagegen-
eratingthe high andthelow voltages.This schemaninimizesthe problemof distributing the
high voltage over long distanceskeepingat the sametime in a safeervironmentthe main
power supplycontrollerswhich areradiationsensitve.

The GBsareableto supply48V, a mediumvoltageeasyto distribute over long distances
with conventionalcables,and supportsa communicationink for remotecontrol and moni-
toring purposes.The GBs are interfacedwith the generalLHCb DCS and are placedin the
countingroomallowing aneasyandsafeaccesgo the power supplysystem.

The DBs representransformatiorstageswvherethe input 48 V aretransformednto two
HV channelsandfour LV channels.Boththe HV andthe LV channelsarefloating, allowing
a bettergroundingconfiguration. The HV channelsgive a maximumvoltageof 12 kV at
maximumcurrentof 1 mA,; they can be switchedon and off and are fully programmable
from remote. The LV channelsprovide +7 V for the FEB boardsat a maximumcurrentof
1 A. They canbe switchedon andoff remotelybut are not programmable All the voltages
andcurrentscanbe remotelymonitoredthroughthe communicatiorlink driven by the GBs.
The communicatiorline is optically decoupledo presere the floating groundof the voltage
channels.

The power distribution represent®nethe major contritutionsto thefinal costof the RPC
system.A possibleway to reducethe numberof HV channelds to adopta schemewerethe
two gapsin a singlechamberarepoweredby differentHV lineswhile thetwo corresponding
gapsbelongingto two adjacenthambersn the horizontal(bending)planesharehe sameHV
channel. This configurationwould allow to keepa high detectionefficiency evenin caseof
failure of a high voltagechannel.With this schemegachDB is ableto power two chambers,
thereforereducingby a factorof two the numberof DBs neededy the system.

3.52 Gassystem

As statedin Ref. [1] we plan to operatethe RPCswith a gasmixture of tetrafluoroethane
(CoH2F), isohutane(i—C4H10) andSks in the proportions95:4:1,a compositiontestedby us
andmary groups. The CoHyF4 featureshigh densityleadingto a high primary ionization of
about60electron-iorpairspercentimeterthei —C4H1g insuregheright amountof quenching,
whereaghe SF; hasthe purposeo shift the streamerregion to larger operatingvoltagesthus
wideningthe plateau16].

Thetotal gasvolumeof the RPCchamberss aboutl m3. The purposeof the gassystem
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Table4 Gasspecificationgor theRPCsystem.

Gasvolume ~1lm3
ConcentratiorCyHoF4:1—C4H10:SFKs 95:4:1
Concentratioraccurayg 0.3%absolute
O, contamination < 1%
H>O contamination < 1%
Gasoverpressure Max 3 mbar
Purifiedgasflow rate 0.08md/h
Maximumflow rate 0.64m3h

is to mix thethreecomponentso theright proportionandto distribute a cleangasmixtureto
eachindividualchambemata pressureslightly above theatmospheripressuré~1 mbar). The
hydrostatiqressuraifference®vertheheightof thesystemmeasuringerticallyaboutlOm,
arenotngyligible comparedo therequiredoverpressuréthe chosermixture hasa hydrostatic
gradientof 0.4 mbar/m);the gasdistribution systemshouldthereforebe ableto compensate
for thesedifferences.

For RPC systemsthe gas purity requirementsare not very high. The main impurities
which may harmthe properfunctioningof the detectorsareoxygenandwatervapour Passed
experiencewith RPCsandstudiesperformedoy othergroups([10, 17]) have shovn thatthese
contaminationshouldremainbelon 1%.

Thegasspecificationgor RPCsaresummarizedn Table3.

4 Considerations about construction and assembly

In this sectionwe describeschematicallythe organizationof the productionphasesfrom the
bakelite layersto the stockageat CERN.

4.1 Testsof thebakelitelayers

The whole amountof bakelite neededor the LHCb RPCscanbe producedn oneweek. A
first selectionof goodplatescanbe performeddirectly by the firm by measuringhe volume
resistvity 4. The compaiy will alsotake careof cutting the balkelite platesto the detector
dimensions.

A secondcareful selectionof the good plates,looking especiallyfor possibleartificial
surfaceroughnes®f the (melamine)sidefacingthe gasgap,is probablyneededandwill be
donein Romell. Herethe choiceof the two platesfor a givengapwill be alsomade,which
will probablyrequirea nev measuremertf theresistvity.

4.2 RPC gap production and tests

The industrial capabilitiesfor producingRPC detectords by now well establishedandthe
whole needof LHCb canbe producedn afew months.The gapswill be producedollowing

4TheCMS groupdevelopeda speciatool for amulti-pointresistvity measuremen{d 8]; we areinvestigating
the possibilityto usethe sametool or a similar onespecificfor our case.
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the LHCD specificationsusingthe sametechniguesletailedin Refs.[10, 17]. The specifica-
tionsconcerrthesizeof thegapsandof thegraphitepaintdefiningtheactiveareathetopology
for positioningthe spacersthe linseedtreatmen(if applied). Thegapgasthicknessandtheir
capabilityto standhigh voltagesin Ar or N> will alsobetestedby the producingfirm.

The productionof the gapswill be closely monitoredat the factory by techniciansand
physicistsbelongingto the responsiblanstitutes. In the casethe oil treatmentwill be neces-
sary a procedurehasto be definedto controlits quality. A possibilitywould beto performa
routinecheckby openingup andinspectinga certainfraction of the gasgaps(e.g. onein ten)
duringthe productionphase.

4.3 Chamber assembly

Chambemssemblywill bedonein Romell andFirenze.Thequality of the producedyapswill
bechecledatfirst by performinganautomated-V measuremenin parallelto about10 gaps.
For thispurposethegapswill beequippedvith connectorso distributethe high voltageto the
graphitelayerandto monitorthe dark current. Thetengapswill be flushedwith gasatarate
of about3 I/h for about15 hours;sincethe gapvolumeis aboutl liter, thiswill insurethatat
leastfour volumesarechangediuringthe flushingprocedure Thetolerancego accept/reject
gapswill be definedwith the next prototypes.The possibilityto usea 3 radioactve sourceto
checkthe uniformity of thechamberss underinvestigation.

Chambersvith two goodgapswill be equippedvith strip planesandclosed andthefront-
endboardspluggedexternallyasmentionedn Section3.2.2. At this point the chamberswill
bereadyfor thefinal testswith cosmicraysdescribedn the next section.

Thesuccessfullyestedchambersvill beregularly flushedandmeasuredavith cosmicrays
until they areshippedo CERNto beinstalledin LHCb.

4.4 Testswith Cosmic Rays

The final commissioningof the chamberdeforeshippingthemto CERN will be performed
throughatestwith cosmicrays.In thistestthechambersvill becharacterisettom thepointof
view of their efficiengy, responseiniformity, clustersizeandtime resolution.For this purpose
ateststationbasedon a cosmicraystelescopes goingto bebuilt in FlorenceandRomell.

The parametersf the teststationareto a large extent determinedy the low cosmicray
rateandby the maximumnumberof channelghat canbe reasonablyequippedandreadout.
The station(schematicallyshovn in Figure19) will consistof arackwhereseveralchambers
canbe placedundertestat the sametime. The trigger will consistof two planesof plastic
scintillators2 m long and60 cmwide, placedabove andbelow the chamberstack. Thetracks
will be reconstructedavith the help of two additionalRPCsusedasreferencechambers.The
possibilityto accomodataniron slabat the bottomof the systemwith the purposeto filter a
hardercosmicspectrumhasalsobeenconsidered.

Giventhe dimensionsof the trigger planesandthe cosmicray rate,a trigger rate of about
50 Hz is expected.In orderto testthe chambetrefficiency asafunction of the appliedvoltage
HV, a statistically significantsampleof eventsmustbe collectedfor eachphysicalchannel
andHV value. Thestratey to determinehe efficiengy-HV curve hasnot beenoptimizedyet.
However, with the 6-chamberconfigurationshavn in Figure 19 eachphysicalchannelkeesa
cosmicrateof atleast0.5Hz. This meanghatthe nine monthsscheduledor thetestsshould
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Figure19 Testswith CosmicRays:preliminarysetupfor a cosmic-rayteststation.

allow a sufficiently precisedeterminatiorof the efficiengy-HV curve for eachchannelof the
480chambers.

Finally, the teststationwill have atleast1000readoutchannels.As it is unpracticaland
too expensve to readout all thesechannelssia commercialreadoutboards(e.g. commercial
TDCs and scalers),we have designedand built a dedicatedhigh density pattern-unitboard
describedn the next subsection.

441 DAQ board for tests

The DAQ boardfor testshasbeenspecificallydevelopedfor testbeanand cosmicraysmea-
surements.The block diagramis shawvn in Figure 20. The boardimplementsthe standard
VME 6U protocolandhas64 LVDS inputchannelsA commongateof programmablavidth °
is triggeredexternally. Thenumberof hits within thegateperinputchannebrecountedoy 24-
bit scalers.Thearrival time for eachhit within the gateis measuredby 16—bitauto-scaldime
counters.Thesefunctionsare providedvia a Xilinx FPGA.Up to 512k hits canbe storedas
32-bitwordsin amemorybank. Thedeadtimeis lessthan100ns. Theboardalsoimplements
Block—Data—TansferandJTag protocols.

45 Database

Eachchamber/gapvill beidentifiedby a barcodewhich will allow to retrieve all the impor-
tantfactsaboutthe chamber/gapthe history andresultsof all the measurementdoneby the
companiesandin theinstitutelaboratoriesandthe specificatiorcurves.

5 Cost update

The presentestimatectonstructioncostfor a chamberof approximately0.3x 1.5 m? is sum-
marizedin Table5.

5Two values0.3and2.5s, arepreset.
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Figure20 Block diagramfor the DAQ boardspecificallydesignedor tests.
Table5 Detail of costsfor productionof RPCchambers.
Item Qty. perchamber| Unit cost| Costof chamber|
(CHF) (CHF)
Bakelite 2.5 m? 20 50
Gasgapsproduction 2 120 240
Strip planes 1 m? 50 50
Supportplanes 1 m? 35 35
HV Connectors 2 12.5 25
Contingeng/spares 10% 40
Mechanicsconnector®tc. 50 50
Assembly 50 50
| Total | | 540 |
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Thetotal costfor the 480 chambergoreseernis 260 kCHF including 10% contingeng on
theindividualcomponents.

As far asthe front-endelectronicsis concernedthe bareBari chip costsabout2.5 CHF
per channelto which the costof the boardand of the relatedcomponentdasto be added.
Assumingatotal 7.5 CHF perchannelwe endup with about200kCHF

Thelargestsinglecontributionto final costwill mostlikely betheHV andLV system.The
presenestimatesndicateshatthetotal costof this systemshouldnot exceed300kCHF.

Finally, the estimatedccostof the gassystemis 160kCHF.

Theseestimatesnustbe consideredcsupperlimits.
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