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Abstract

We presentthe resultsof an agingteston a quadrigapprototypeof MPWC of the LHCb
muonsystem.Thetestwascarriedoutwith the

�������
sourceof theCalliopegammafacility

at ENEA-CasacciaResearchCenter, nearRome.The main goal of this short testwasto
checkthefeasibilityandtheoptimalconditionsfor a longertest.Wemonitoredthecurrent
in thetestchamberandin asimilar referencechamber, recordingtheroomtemperatureand
theatmosphericpressure.Overatestdurationof �	��
� ������� , weintegrated�	��
�� ����� �
of wire, without any appreciabledeteriorationof thedetector.
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1 Introduction
In this notewe reporttheresultsof anagingtestof a MWPC, assembledin FrascatiLabo-

ratoriesof INFN, preparedfor themuonsystemof theLHCb experiment.A similar prototype
(but with two gapsinsteadof 4) hasalreadybeentestedat CERNbeam[1].

Themaingoalof this shorttestis to checkthefeasibility of a longertest(aboutonemonth
is requiredfor anagingof 10 equivalentLHC yearsin theM2R1 region)andto understandthe
mainproblemsarising.

Wemonitoredthecurrentin two quadrigapchambers:a testchamberandamonitorone(the
latterexposedto a doserate ����� timessmaller).Both chambersareidenticalto theprototype
describedin detailin [1] andin [2]. Herewejustremindthateachprototypeis composedof four
gaps,eachwith ananodewire plane(pitch � �"!$#%# ) at thecenterof thegap( !$#%# ), aplaneof
cathodepadsandagroundplane.Eachgaphas134W wires �'&(!*)+# longandasensitivearea
of �,&(-.-0/1&(!2�3#%#54 , representing1/6of onefinal WPCfor regionM3R3.

In Section2 weshortlydescribetheCalliopegammafacility wherethetestwascarriedout.
In Section3 we describethe experimentalsetup.Then, in Section4we report the aging test
resultsandtheconsiderationsfor a longertest.In lastSection,we draw theconclusionsof the
test.

2 The Calliope gamma facility
The test was carriedout with the 607 ��� sourceof the Calliope gammafacility at ENEA-

CasacciaResearchCenter, nearRome.Calliope8 plantisapool-typeirradiationfacility equipped
with a 607 ��� radioisotopesourceplacedin ahigh-volume(7x6x3.9#59 ) andshieldedcell [3].

The sourceis characterisedby a cylindrical geometrywith the 607 ��� pencilsplacedin the
rackcircumference. The emittedradiationconsistsof two photonswith energy of 1.17MeV
and1.32MeV, meanenergy being1.25MeV. The maximumlicensedactivity is :��;�<�=-�>@? Bq
andthepresentactivity is A��"-(!B�=-C>@D Bq (December2002).

This plantoffers thepossibility to choosethedoseratefor sampleirradiationandthemax-
imum doserate(alongtherack longitudinalaxis) is 8240Gy/h (December2002).Thestorage
waterpool dimensionsare2x4.5x8 # 9 andtwo separatesourceemergency storagewells are
positionedon the bottom of the pool. The irradiation protectionshield is realizedin baritic
concrete(180cm thickness).

Todeterminetheirradiationdoserate,atthe”Calliopeplant” threedifferentdosimetricmeth-
odsareavailable[4]: theFricke absolutedosimetry(20-400Gy), thealaninedosimetry(from
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Figure 1: Map of the irradiationandcontrol rooms.MON: MWPC monitor chamber. TEST:
MWPC testchamber. GEM: GEM testchamber. T: temperaturesensor. P: pressure
sensor. BOTTLES: pre-mixedgasbottlesfor MWPCandGEM.

few Gy up to 500 kGy) andthe RedPerspex dosimetry(5-50 kGy). Eachirradiation testsis
performedin chargeparticleequilibriumconditionsandaccordingto thevarioususerdemands
(asthepossibilityto performtemperaturecontrolledtests).

3 Setup for the aging test
Weusedtwo chamberswith four gapseach:the“test” chamberwasplacedatabout4 meters

from the source;the “monitor” chamberwasfar from the source,behinda concretewall and
with a leadsheetof 1.6mm in front of it.

The gasmixture was Ar/ 6FE 4 / 6FG D with percentages40/40/20.The two chamberswere
fluxedindependentlyatarateof � 2 volumes/hour. Wecheckedthatthecurrentsdid notchange
athighergasfluxes.

Using an electronicweatherstationHugerWM918, connectedto a PC throughthe serial
port,wemonitoredthetemperatureT in theirradiationroomandtheatmosphericpressureP.

A LabView programallows to readthe 8 currentsof the two quadrigapchambersandthe
informationof theweatherstationandto recordall dataevery0.5second.

During thetest,alsoa GEM chamberwasirradiated[5].

A mapof theirradiationandcontrolroomsis shown in Fig. 1.

Everytimeanaccessto theroomwasneeded,wefirst switchedoff all chambers,thenput the
sourcein thewaterpool. After theaccess,we first extractedthesourcefrom thepool, thenwe
switchedonagainthechambers.

In Table 1 wesummarizethemainnumbersof thetest.
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Figure 2: LEFT: Thetwo rackssupportingtheMWPCtestchamber(back)andtheGEM(front)
RIGHT: themonitorchambermountedon astool,placedbehindaconcretewall.

In Fig. 2 the two rackssupportingthe GEM and the MWPC test chamber(left) and the
MWPCmonitorchamber(right) areshown.

In Fig. 3 weshow thepool containingthesource(left) andthetestchamber(right).

Averagegammaenergy: � �"&(!*H'I�J Doseratefor testchamber:�'-��"!(K*LNMPO(Q(R
Gasmixture: SRFT(-(UVOW6FE 4 T(-(UXOW6FG D &.-(U Gasflux: � 2 volumes/hour

Operatingvoltage::(:(-.-WJ Averagecurrentin Testchamber:�'!(-(- YZS*O=[]\_^
Totalwire lengthpergap�`:(T # Current/cmof wire in Testchamber:�a�=T(� bcS*O()�#

Atm. pressurerange:A.A(T�d,�=-(-(Ae#gfh\�R Temperaturerange:&(K(K��"i�dj&(A(-��"i K

Table 1: Summaryof numberscaracterisingthetestsetup.

4 Aging test results
4.1 Temperature and Atmospheric pressure

With agoodapproximation,thegasgain(andthecurrent)arerelatedto thehighvoltage(V)
andthegastemperature(T) andpressure(P),accordingto theformula:kml`npo IrqNsBt(u�v (1)

During the test,we recordedthe temperaturew in the irradiationrooomandthe atmospheric
pressurex . Measurementswerenotavailablein thefirst dayof test.Wedid nothavesensorsto
measuredirectly thetemperatureandpressureof thegasmixture.

In Fig.4(left) weshow thetemperaturein thesourceroomasfunctionof time.It is notclear
if thepositionof thepeaksis dueto thedaily cycle: the time delaysbetweenthepeaksare �
16, � 25 and � 20 hours.The secondpeakcorrespondsto an accessin the irradiationroom,
whichmaycauseanincreasein temperature(thesensorwasnearthedoorof theroom).
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Figure 3: LEFT: Thepoolcontainingthesource.RIGHT: thetestchambermountedontherack
at �a���(-y)�# from thefloor.

In Fig.4 (right) we show theatmosphericpressureasfunctionof time.After � 45 hours, x
startsincreasingmonotonically. Weshow below thatthis reflectson thecurrents.

The absolutevaluesof w and x areknown within z 1 K for w and z 7 mbarfor x . We
cannotstatethat w and x arepreciseestimatesof thegastemperatureandpressureinsidethe
two chambers.Moreover, if theradiationheatsthegasinsidethechambers,theeffectshouldbe
differentfor thetwo chambers.However, memustemphasizethat theoverall variationof w is
�'&�O.&(A.-{�'-��;�.U andof x is �a��!�O|�=-(-.-{�a� �;!.U .

4.2 Currents in monitor and test chambers

We recordedthe currentsof the 4 gapsof a monitor chamber, put behinda concretewall
andof the4 gapsof thetestchamber, exposedto a doserate �}-��"!(K{L~R�\_MPO(Q(R . Both chambers
wereoperatingat HV=3300V (exceptfor someshortmeasurementsat othertension,to check
detectorcurrentlinearity).Thevaluesof thecurrentsin the4 gapsof the2 chambersarereported
in Table2for severalvaluesof thehighvoltage.In Table3wereporttheparametersof aquadratic
fit of ��bN� k�� asfunctionof J for thetestgaps.

HV A B C D A B C D
0. 0.5 0.5 0.4 0.3 0.2 0.5 0.4 0.3

2000. 0.6 0.5 0.5 0.5 2.1 2.6 2.2 2.2
2700. 1.9 1.8 1.8 2.0 64.5 76.7 61.2 66.5
2850. 3.6 3.3 3.7 4.2 126.4 147.1 119.4 129.3
3000. 7.6 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 YS ) asfunctionof high voltage(V) in eachgapof the (LEFT) monitor
and(RIGHT) testchambers.

In Fig. 5 (LEFT) we show that the 4 gapsof the monitor chamberwereoperatingin non-
saturatedcondition.For an increaseof 150 V in the high voltage,thegasgainapproximately
doubles.In thesamefigure(RIGHT) weshow thatthe4 gapsof thetestchamberwereoperating
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Figure 4: LEFT: Temperaturein thesourceroomasfunctionof time.Thecauseof thepeaksis
not completelyclear. RIGHT: Atmosphericpressurein thecontrolroomasfunction
of time.

GAP x � x >
o �=-_4 x 4

o �=- � � 4�O_�<��G
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: Parametersof thequadraticfit of ��bN� k�� asfunctionof J for thetestgaps.

in saturatedcondition.At 3300V, thecurrents( � 530 YZS onaverage)areaboutafactor2 below
theexpectedvalue.At this doserate,Log(I) vs.HV is linearup to � 2850V, wherethecurrent
is � 130 YS on average,about1/4 respectto thevalueat 3300V.

In Fig. 6 (LEFT) we show thecurrentsof the4 gapsof themonitorchamberasfunctionof
time. The maximumdifferencebetweenthe gapsis ��:(-.U . In the samefigure (RIGHT) we
show thecurrentsin thetestchamber. Thesmallervaluesarerecordedeitherjustafteranaccess
(full arrows) during which the chamberswere switchedoff, or after somemeasurementsat
smallerHV (dashedarrow). Themaximumdifferencebetweenthegapsis �a�=i.U . As expected,
all currentsstartdecreasingwhenthepressurestartsincreasing(after � 45 hours).

We remarkthatwhenthetestchambersareswitchedon againafteranaccess,severalhours
areneededto reachstablecurrents.This is bettershown in Fig. 7 wherewe plot the currents
justbeforeandafteranaccess.

Thepresenceof themonitorchambershouldallow to normalizethecurrentin the4 testgaps,
evenwithout a preciseknowledgeof thegastemperatureandpressure.In Fig. 8 we show the
ratio betweenthecurrentsin thetestchambersandtheaverageof the4 currentsin themonitor
gaps,asfunctionof time.Theratiosarestablewithin �=-(U level, proving no evidenceof aging.

We notice that this ratio startsincreasingwhen the pressurestartsincreasing(after � 45
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Figure 5: Currentsin the 4 gapsof the chambersasfunction of high voltage.LEFT: monitor
chamber. The plots show that the gapswere operatingin non-saturatedcondition
still at :(:(-.-�J : they representthecurrentat2700V extrapolatedassumingthatfor an
increaseof 150V, thegasgaindoubles(upperline: gapD; lowerline:gapC).RIGHT:
test chamber. The lines show that the gapswere operatingin saturatedcondition
duringtheagingtestat :(:.-(-�J (upperline: gapB; lower line: gapC).
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Figure 6: Currentsin the4 gapsof thechambersasfunctionof time. LEFT:monitorchamber.
RIGHT: testchamber. Thesmallervaluesarerecordedeitherjustafteranaccess(full
arrows) duringwhich thechamberswereswitchedoff, or aftersomemeasurements
at smallerHV (dashedarrow).
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Figure 7: Currentsin the4 gapsof thetestchambersasfunctionof time, just beforeandafter
anaccessin thesourceroom.Severalhoursareneededto reachstablecurrents.

hours).This is dueto thefact that thetestgapsarelesssensibleto pressurevariation,because
they areoperatingin a saturatedregime.This is shown in Fig. 9 showing thecurrents(in both
chambers)asfunctionof wWO(x . Theparametersof linearfits of ��b~� k��]�]� ��wyO(x :

��bN� kC�l,  J o wyO(x¢¡£��bN� n¤�
(2)

arereportedin Table 4. We noticethattheslopesaresmallerfor thetestchambergaps,dueto
thesaturationof gasgain.

MONITOR ln(K) Slope
� 4�O �¥��G TEST ln(K) Slope

� 4�O �¥��G
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: Parametersof thelinearfit of ��bN� k�� asfunctionof wWO(x for monitorandtestchambers.
Lastrow containsresultsof thefit of ��bN� k�¦��

where
k�¦

is theaveragecurrentin the4
monitorgaps.

In Fig. 10 we show the integratedchargesas function of time. For the 4 gapsof the test
chamber, theintegratedchargesarein therangeT(i�dj!(T #g6WO.)+# .

In Table 5 (left) we reportthe integratedcharge for 10 equivalentLHC years,for different
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Figure 8: Ratiosbetweenthecurrentsin thetestchambersandtheaverageof the4 currentsin
themonitorgaps,asfunctionof time.Theratiosarenormalizedto their initial values.
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Figure 10: Integratedchargesasfunctionof time.LEFT: monitorchamber. RIGHT: testcham-
ber.

detectorregions,assuminga wire pitch of 1.5 mm, asin the presenttest.The chargesfor the
testedregionsareshown in bold.

M1 M2 M3 M4 M5
R1 1.214 0.198 0.053 0.069 0.046
R2 0.491 0.140 0.017 0.023 0.019
R3 0.211 0.069 0.011 0.008 0.007
R4 0.066 0.013 0.004 0.003 0.002

M1 M2 M3 M4 M5
R1 1.62 0.264 0.070 0.092 0.062
R2 0.655 0.187 0.023 0.031 0.025
R3 0.282 0.092 0.014 0.011 0.009
R4 0.088 0.017 0.006 0.004 0.003

Table 5: Integratedcharge(C/cmof wire) in 10LHC equivalentyearsfor eachdetectorregion,
assuming:luminosity is &%�=- 9 4 ; safetyfactoris 2 (in M1) and5 (in M2-M5); charge
per hit is Q=0.88pC/hit (consideredto be measuredat relativistic rise); the charge
is correctedby a factor 0.5 in M1-M2M3R1R2 (assumingthe useof a symmetric
cathode)and2 in M2-M5 (dueto photons).LEFT: wire pitch is 1.5 mm (as in the
presenttest);RIGHT: wire pitch2 mm (final chamberdesign).

4.3 Considerations for a longer test

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

We plan to performa longeragingtestwith a new chamberprototypewith wire pitch of 2
mm.Dueto budgetlimitations,we cannotperforma testlongerthanonemonth.Thechamber
will beexposedat thesamedoserateasin thepresenttest(correspondingto �'!(-.U saturation.
Thiswill allow usto testall detectorregionsbut M1-R1R2,asshown in Table 6.

However, following Sauli[6]: ”datacollectedathighcurrentdensitiestendto beoptimistic”
and”spacecharge gainsaturationcansetin at high currentdensities,possiblydecreasingthe
polymerisationefficiency”. So,theagingeffectcouldbeunderestimatedwith asaturateddetec-
tor.

Thereforewe planto exposealsoanold chamberprototype(with pitch 1.5 mm) at a lower
doserate,operatingin linearregime.FromFig. 5 (RIGHT), weseethatat 2850V thetestgaps
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M1 M2 M3 M4 M5
R1 106 17 4.6 6.0 4.1
R2 43 12 1.5 2.0 1.7
R3 18 6.0 0.9 0.7 0.6
R4 5.8 1.1 0.4 0.2 0.2

Table 6: Numberof daysneededat Casacciato test10 equivalentLHC years(at 196 nA/cm
with pitch 2 mm, equivalentto 147nA/cm with pitch 1.5 mm). We assumethateffi-
ciency is 90 %. In boldwe show thenumbersgreaterthanonemonth.

arenot saturated.Thecorrespondingcurrentsare � 119 d 147 YS , abouta factor4 below the
500 YS of themostexposedchamber.

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

Our lastconsiderationfor thelong testconcernsthegastemperaturemeasurement.We plan
to measurethetemperatureof thegasjustoutof thechamber. Wearelookingfor radiationhard
temperaturesensorsthatcanbereadthroughananaloginput device interfacedto theLabView
ACQprogram.

5 Conclusions
Theshortagingtestdescribedin this noteallowedus to checkthe feasibility of a 10 LHC

yearsequivalenttestfor theM2R1detectorregionwith theCalliopefacility atENEA-Casaccia.

We have learnedfrom dataanalysisthat a third detectorworking in non-saturatedregime
could be of greathelp andthat the measurementof gastemperaturecould be importantfor a
completeinterpretationof data.
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