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Abstract

We presentthe resultsof an agingteston a quadrigapprototypeof MPWC of the LHCb

muonsystem Thetestwascarriedoutwith the C'0%° sourceof the Calliopegamméfacility

at ENEA-CasaccidResearchCentey nearRome.The main goal of this shorttestwasto

checkthefeasibility andthe optimal conditionsfor alongertest.We monitoredthe current
in thetestchambemlandin asimilar reference&chamberrecordingtheroomtemperaturand
theatmospheripressureOver atestdurationof ~ 90 hours, weintegrated~ 50 mC'/cm

of wire, withoutary appreciablaleterioratiorof the detector
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1 Introduction

In this notewe reportthe resultsof anagingtestof a MWPC, assembledh FrascatiLabo-
ratoriesof INFN, preparedor the muonsystemof the LHCb experiment.A similar prototype
(but with two gapsinsteadof 4) hasalreadybeentestedat CERN beam([1].

The maingoal of this shorttestis to checkthe feasibility of a longertest(aboutonemonth
is requiredfor anagingof 10 equivalentLHC yearsin the M2R1 region) andto understandhe
main problemsarising.

We monitoredthe currentin two quadrigapchambersatestchambeandamonitorone(the
latterexposedto a doserate~ 17 timessmaller).Both chambersareidenticalto the prototype
describedn detailin [1] andin [2]. Herewe justremindthateachprototypeis composeaf four
gaps.eachwith ananodewire plane(pitch 1.5 mm) atthe centerof thegap(5 mm), a planeof
cathodgradsanda groundplane.Eachgaphas134W wires~ 25 cm long anda sensitve area
of ~ 200 x 251 mm?, representind./6 of onefinal WPCfor region M3R3.

In Section2 we shortlydescribethe Calliopegammafacility wherethetestwascarriedout.
In Section3 we describethe experimentalsetup.Then,in Sectiondwe reportthe agingtest
resultsandthe consideration$or alongertest.In last Section,we drav the conclusionsof the
test.

2 TheCalliope gamma facility

The testwas carried out with the C'0® sourceof the Calliope gammafacility at ENEA-
Casacci®esearciCenternearRome.Calliope~y plantis apool-typeirradiationfacility equipped
with a C'o% radioisotopesourceplacedin a high-volume(7x6x3.9m*) andshieldedcell [3].

The sourceis characterisedby a cylindrical geometrywith the C'o%° pencilsplacedin the
rack circumference The emittedradiationconsistsof two photonswith enegy of 1.17 MeV
and1.32MeV, meanenegy being 1.25MeV. The maximumlicensedactivity is 3.7 10'* Bq
andthe presentctivity is 9.05 104 Bq (Decembef002).

This plantoffersthe possibility to choosethe doseratefor sampleirradiationandthe max-
imum doserate (alongthe racklongitudinalaxis)is 8240Gy/h (Decembe002).The storage
water pool dimensionsare 2x4.5x8m? andtwo separatesourceemegeng storagewells are
positionedon the bottom of the pool. The irradiation protectionshield is realizedin baritic
concretg180cmthickness).

To determingheirradiationdoserate,atthe”Calliope plant” threedifferentdosimetrianeth-
odsareavailable[4]: the Fricke absolutedosimetry(20-400Gy), the alaninedosimetry(from
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Figure 1: Map of theirradiationand controlrooms.MON: MWPC monitor chamberTEST.
MWPC testchamberGEM: GEM testchamberT: temperaturesensorP: pressure
sensarBOTTLES: pre-mixedgasbottlesfor MWPC andGEM.

few Gy up to 500 kGy) andthe Red Perspg dosimetry(5-50 kGy). Eachirradiationtestsis
performedn chage particleequilibriumconditionsandaccordingto the varioususerdemands
(asthe possibilityto performtemperature€ontrolledtests).

3  Setup for the aging test

We usediwo chambersvith four gapseachithe“test” chambemwasplacedatabout4 meters
from the source;the “monitor” chambemwasfar from the source behinda concretewall and
with aleadsheebf 1.6 mmin front of it.

The gas mixture was Ar/CO,/C'F; with percentage€0/40/20.The two chamberswere
fluxedindependenthatarateof ~ 2 volumes/hounWe checledthatthecurrentsdid notchange
athighergasfluxes.

Using an electronicweatherstationHuger WM918, connectedo a PC throughthe serial
port, we monitoredthetemperaturd in theirradiationroomandtheatmospheripressurd>

A LabView programallows to readthe 8 currentsof the two quadrigapchambersandthe
informationof theweatherstationandto recordall dataevery 0.5 second.

During thetest,alsoa GEM chambemasirradiated[5].
A mapof theirradiationandcontrolroomsis shavn in Fig. 1.

Everytimeanaccesso theroomwasneededyve first switchedoff all chambersthenputthe
sourcein the waterpool. After the accessyve first extractedthe sourcefrom the pool, thenwe
switchedon againthe chambers.

In Table 1 we summarizeéhe mainnumbersof thetest.



Figure 2: LEFT: Thetwo rackssupportingheMWPCtestchambeKback)andthe GEM (front)
RIGHT: the monitorchambemountedon a stool,placedbehinda concretewall.

In Fig. 2 the two rackssupportingthe GEM and the MWPC testchamber(left) andthe
MWPC monitorchambei(right) areshown.

In Fig. 3 we shav the pool containingthe source(left) andthetestchamber(right).

Averagegammaenegy: 1.25 MeV Doseratefor testchamber~ 0.58 Gy/hr
Gasmixture: Ar 40% / CO4 40% /| C'Fy 20% Gasflux: ~ 2 volumes/hour
Operatingvoltage:3300 V/ Averagecurrentin Testchamber~ 500pA/gap
Total wire lengthpergap~ 34m Current/cmof wire in Testchamber~ 147nA/cm
Atm. pressureange:994 + 1009 mbar Temperaturgange:288.6 + 290.6 K

Table 1. Summaryof numberscaracterisinghetestsetup.

4  Agingtest results
4.1 Temperature and Atmospheric pressure

With agoodapproximationthegasgain(andthecurrent)arerelatedto the high voltage(V)
andthe gastemperaturéT) andpressur€P), accordingto theformula:

[:K.eaVT/P (1)

During the test,we recordedthe temperature/’ in the irradiationrooomandthe atmospheric
pressureP’. Measurement&erenot availablein thefirst day of test.We did nothave sensorgo
measurdalirectly thetemperatur@andpressuref thegasmixture.

In Fig.4 (left) we shav thetemperaturén the sourceroomasfunctionof time. It is notclear
if the positionof the peaksis dueto the daily cycle: the time delaysbetweerthe peaksare ~
16, ~ 25 and~ 20 hours.The secondpeakcorresponds$o anaccessn theirradiationroom,
which may causeanincreasan temperaturéthe sensomwasnearthe doorof theroom).
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Figure 3: LEFT: ThepoolcontainingthesourceRIGHT: thetestchambemountedntherack
at~ 170 ¢m from thefloor.

In Fig.4 (right) we shav the atmospherigpressureasfunction of time. After ~ 45 hours, P
startsincreasingnonotonically We shav below thatthis reflectsonthe currents.

The absolutevaluesof 7" and P are known within + 1 K for 7" and+ 7 mbarfor P. We
cannotstatethat’l” and P arepreciseestimate®f the gastemperaturendpressurensidethe
two chambersMoreover, if theradiationheatshegasinsidethechambersthe effect shouldbe
differentfor the two chambersHowever, me mustemphasize¢hatthe overall variationof 7" is
~ 2/290 ~ 0.7% andof Pis ~ 15/1000 ~ 1.5%.

4.2 Currentsin monitor and test chambers

We recordedthe currentsof the 4 gapsof a monitor chamber put behinda concretewall
andof the 4 gapsof the testchamberexposedto a doserate~ 0.58 Gray/hr. Both chambers
wereoperatingat HV=3300V (exceptfor someshortmeasurementat othertension,to check
detectorcurrentlinearity). Thevaluesof thecurrentdn the4 gapsof the2 chambersrereported
in Table2for severalvaluesof thehighvoltage.ln Table3wereporttheparametersf aquadratic
fit of In(I) asfunctionof V' for thetestgaps.

HV A B C D A B C D

0. 05|05 04| 03| 0.2 0.5 0.4 0.3
2000.| 06| 05| 05| 05| 21 2.6 2.2 2.2
2700.| 19| 18 || 1.8 | 20| 645 | 76.7 | 61.2 | 66.5
2850.| 3.6 | 3.3 | 3.7 | 4.2 || 126.4| 147.1| 119.4| 129.3
3000.| 76 | 6.9 | 7.9 | 9.1 | 224.4| 254.7| 212.6| 228.4
3150.( 16.1| 14.7| 17.0| 19.4 || 358.5|| 397.4| 341.9| 363.1
3300.( 32.4| 29.6| 34.4| 40.1 || 523.6|| 570.5| 502.4| 528.7

Table 2: Currents(in 1 A) asfunction of high voltage(V) in eachgapof the (LEFT) monitor
and(RIGHT) testchambers.

In Fig. 5 (LEFT) we show thatthe 4 gapsof the monitor chambermwere operatingin non-
saturatectondition.For anincreaseof 150V in the high voltage,the gasgain approximately
doubleslin thesamdigure(RIGHT) we shaw thatthe4 gapsof thetestchambemereoperating
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Figure 4: LEFT: Temperaturén the sourceroomasfunctionof time. Thecauseof the peakss
not completelyclear RIGHT: Atmosphericpressuren the controlroomasfunction

of time.
GAP Py Py -10* | P,-10° || x2/NDF
A -16.48| 1.111 | -1.275 0.65/3
B -17.47| 1.200 | -1.446 0.41/3
C -16.38| 1.098 | -1.248 0.59/3
D -16.82| 1.137 | -1.324 0.55/3

Table 3: Parametersf the quadratidit of in(/) asfunctionof V' for thetestgaps.

in saturateatondition.At 3300V, thecurrenty~ 530 A onaverage)areaboutafactor2 below
theexpectedvalue.At this doserate,Log(l) vs.HV is linearupto ~ 2850V, wherethe current
is ~ 130 A onaverageaboutl/4 respecto thevalueat 3300V.

In Fig. 6 (LEFT) we show the currentsof the 4 gapsof the monitor chamberasfunction of
time. The maximumdifferencebetweenthe gapsis ~ 30%. In the samefigure (RIGHT) we
show thecurrentan thetestchamberThesmallervaluesarerecordeckitherjustafteranaccess
(full arraws) during which the chamberswvere switchedoff, or after somemeasurementat
smallerHV (dashedarrav). Themaximumdifferencebetweerthegapsis ~ 16%. As expected,
all currentsstartdecreasingvhenthe pressurestartsincreasingafter ~ 45 hours).

We remarkthatwhenthetestchambersareswitchedon againafteranaccessseveralhours
areneededo reachstablecurrents.This is bettershovn in Fig. 7 wherewe plot the currents
justbeforeandafteranaccess.

Thepresencef themonitorchambeshouldallow to normalizethe currentin the4 testgaps,
evenwithout a preciseknowledgeof the gastemperatureand pressureln Fig. 8 we show the
ratio betweerthe currentsn thetestchambersandthe averageof the 4 currentsin the monitor
gaps.asfunctionof time. Theratiosarestablewithin 10% level, proving no evidenceof aging.

We notice that this ratio startsincreasingwhenthe pressurestartsincreasing(after ~ 45
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Figure5: Currentsin the 4 gapsof the chambersasfunction of high voltage.LEFT: monitor
chamber The plots showv that the gapswere operatingin non-saturatedondition
still at3300V: they representhecurrentat2700V extrapolatecassuminghatfor an
increasef 150V, thegasgaindoublequpperline: gapD; lowerline: gapC). RIGHT:
testchamber The lines shav that the gapswere operatingin saturatedcondition
duringtheagingtestat 3300V (upperline: gapB; lowerline: gapC).
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Currentsin the 4 gapsof the chambersasfunctionof time. LEFT:monitor chamber
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Figure7: Currentsin the4 gapsof thetestchambersasfunctionof time, just beforeandafter
anaccessn thesourceroom.Severalhoursareneededo reachstablecurrents.

hours).This is dueto thefactthatthe testgapsarelesssensibleto pressurevariation,because
they areoperatingin a saturatedegime. This is shavn in Fig. 9 showving the currents(in both
chambersgasfunctionof 7'/ P. The parametersf linearfits of in(I) vs. T/ P :

In(I)=aV -T/P+In(K) 2)

arereportedin Table 4. We noticethatthe slopesaresmallerfor thetestchambemgaps,dueto
the saturatiorof gasgain.

MONITOR | In(K) | Slope | x?/NDF || TEST | In(K) | Slope | x*)/NDF

A -1.76| 0.0181| 97/10 A 3.62 | 0.00916| 32/10
B -2.06| 0.0188| 194/10 B 5.10 | 0.00438| 89/10
C -1.74| 0.0182| 238/10 C 4.60 | 0.00568| 31/10
D -2.38| 0.0209| 204/10 D 4.36 | 0.00666| 49/10

Average | -2.10| 0.0194| 241/10

Table 4: Parametersf thelinearfit of in(/) asfunctionof 7'/ P for monitorandtestchambers.
Lastrow containsresultsof thefit of in(1,,) wherel,, is theaveragecurrentin the4
monitorgaps.

In Fig. 10 we shaw the integratedchagesas function of time. For the 4 gapsof the test
chambeyrtheintegratedchagesarein therange46 = 54mC'/cm.

In Table 5 (left) we reportthe integratedchage for 10 equivalentLHC years for different
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Figure 8: Ratiosbetweerthe currentsin thetestchambersandthe averageof the4 currentsin
themonitorgaps asfunctionof time. Theratiosarenormalizedo theirinitial values.
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Figure 10: Integratedchagesasfunctionof time. LEFT: monitorchamberRIGHT: testcham-
ber

detectorregions,assuminga wire pitch of 1.5 mm, asin the presentest. The chagesfor the
testedregionsareshavnin bold.

M1 M2 M3 M4 M5 M1 M2 M3 M4 M5

R1| 1.214| 0.198| 0.053 | 0.069| 0.046 | | R1| 1.62 | 0.264| 0.070| 0.092| 0.062

R2|0.491| 0.140| 0.017 | 0.023 | 0.019 | | R2 | 0.655| 0.187| 0.023| 0.031| 0.025

R3|0.211| 0.069| 0.011 | 0.008 | 0.007 | | R3 | 0.282| 0.092| 0.014| 0.011| 0.009

R4 | 0.066| 0.013 | 0.004 | 0.003 | 0.002 | | R4 | 0.088| 0.017| 0.006| 0.004| 0.003

Table5: Integratedchage (C/cmof wire) in 10 LHC equialentyearsfor eachdetectorregion,
assumingiuminosityis 2 10%?; safetyfactoris 2 (in M1) and5 (in M2-M5); chage
per hit is Q=0.88pC/hit (consideredo be measuredt relatiistic rise); the chage
is correctedby a factor 0.5 in M1-M2M3R1R2 (assumingthe use of a symmetric
cathode)and 2 in M2-M5 (dueto photons).LEFT: wire pitch is 1.5 mm (asin the
presentest);RIGHT: wire pitch 2 mm (final chambedesign).

4.3 Considerationsfor alonger test

In Table 5 (right) we reporttheintegratedchage for 10 equivalentLHC years for different
detectorregions,assumingawire pitch of 2 mm, assetin thefinal design.

We planto performa longeragingtestwith a new chamberprototypewith wire pitch of 2
mm. Dueto budgetlimitations, we cannotperformatestlongerthanonemonth.The chamber
will beexposedatthesamedoserateasin the presentest(correspondingo ~ 50% saturation.
Thiswill allow usto testall detectoregionsbut M1-R1R2,asshown in Table 6.

However, following Sauli[6]: "datacollectedat high currentdensitiedendto beoptimistic”
and”spacechage gain saturationcansetin at high currentdensities possiblydecreasinghe
polymerisatiorefficiency”. So,theagingeffectcouldbeunderestimatedith asaturatedietec-
tor.

Thereforewe planto exposealsoan old chamberprototype(with pitch 1.5 mm) at a lower
doserate,operatingn linearregime.FromFig. 5 (RIGHT), we seethatat 2850V thetestgaps
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M1 | M2 | M3 | M4 | M5
R1|106| 17 | 46| 6.0| 4.1
R2| 43 |12 |15| 20| 1.7
R3| 18 | 6.0/ 09| 0.7| 0.6
R4/58|11,04)|02|0.2

Table 6: Numberof daysneededat Casaccido test10 equivalentLHC years(at 196 nA/cm
with pitch 2 mm, equivalentto 147 nA/cm with pitch 1.5 mm). We assumehat effi-
cieng is 90 %. In bold we shov the numbergreatetthanonemonth.

arenot saturatedThe correspondingurrentsare~ 119+ 147 u A, aboutafactor4 below the
5004 A of themostexposedchamber

Multiplying by 4 the numbersin Table 6, we find that the prototypeoperatingat lower
current~ 119+ 147 p A will allow (in onemonth)to fully testM1-R4, M2-R3R4,M3, M4,
M5.

Ourlastconsideratiorfor the long testconcernghe gastemperatureneasurementiVe plan
to measurehetemperaturef the gasjust out of thechamberWe arelooking for radiationhard
temperatursensorghatcanbe readthroughananaloginput device interfacedto the LabView
ACQ program.

5 Conclusions

The shortagingtestdescribedn this noteallowed usto checkthe feasibility of a 10 LHC
yearsequialenttestfor theM2R 1 detectoregionwith the Calliopefacility at ENEA-Casaccia.

We have learnedfrom dataanalysisthat a third detectorworking in non-saturatedegime
could be of greathelp andthatthe measurementf gastemperatureould be importantfor a
completeinterpretatiorof data.

Acknowledgements

We thankL. TrasattiandA. Martini who implementedhe softwarefor readingthe weather
stationinformation.

We thankthe staf of the Calliopefacility (A. PasqualifF. Zarbo)for thegreathelpin prepar
ing andrealizingthetest.

References

[1] LHCb-MUON 2001-1204 DecembeR001.

[2] MuonTDR, CERN/LHCC2001-01028 May 2001.

[3] S.BaccaroA. FestinesiB. Borgia, “Gammaandneutronirradiationfacilitiesat ENEA-
Casaccigdenter(Rome)”,ReportCERN-CMS/TN,95-192(RADH), 1995.

[4] M. Adamo,S.BaccaroA. Cecilia,A. Cemmi,A. PasqualiF. Zarbo,"Metodi dosimetrici
pressd’impianto di irraggiamentdCalliope”, ENEA TechnicalReportINN/2000/3.

[5] G.Bencvennietal.,NIM A 488(2002)493.

[6] F. Sauli, Invited summarytalk at the InternationalWorkshopon Aging Phenomenan
Gaseou®etectorsDESY, Hamhurg, October2-5,2001.Nucl. Instr. andMeth. in press.

10



