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A 28m diameterand5O~n decpmunddiscshapedcal~basbeenbuiltforeachof 
theforwardandthcba&ward opcningofdlecen~deteetor- of the Collidcr Detector at 
Fexmilab ( CDF ) using conductive plastic propatioal tube anays saodwiched with lead absorber 
panels. A thorough use of cathode &-out based 011 pads and strips cwhcd on the printed eircuit 
boards on the chambers enabled us ID construct a finely segmented projective tower geometry 
definedbyapolarcoodioatesystemwiththeoriginattheccntaoftheQteaararithminimaldead 
repion. These modules were tested for various propexties with high enqy electron beams and 
completely mapped with 100 GeV electron beams. The response map was then nsed as the input 
for a $-minimi zation proeedum and an improved uniformity of 1.3 % in r.ms. was obtained A 
factor of 500 to loo0 rejection of pious was obtained using cmxiation matrix without relying on 
momentum measurement. 



==fPbd- ticcakaimetcr coversbo&endsofthe3-meterdiameter5-auzter 
longsokooidinthecennaI&tecmrsysremofCDF kavingaconcamicconicaihokofanopeniag 
angleoflOo~~ttothcbcamaxisineithcrdirrctionEachoftbehuocalorimtcr~~ 
occupiwacylindn’calvolumeofuloutcrdiamterof280cm andadeptbof53cm between173 
on and226cm inz~oordioatezlongthekama*is.TheangularcovnageisfromlO*toaboat 
36inthepoIarangk0,oriuthepseudoqidity~ fromabout l.ltoZ.4, w=ithf~~Rdepthmpto 
32’. Saeh geometry is shown in Fig. 1 as a azes sectional vkw of the end plug region of CDF 
centlatdetccmstrucnm. 

Tbecooditionsandthebasicnq uiremeuts which were the basis fa the choice of the design 
weEasfollowsz 

1) Geometricalc~ a -a) Cylindrical outer shape andcooical hok of & IO”. 
b) Iargesystemof28Ocnr inou~diameux 
c) Desirabk projective tower defined by polar coordinates. 
a) Limitedavailabledepthofabout5Ocm alongs. 

2) strong. 15 kfhus, soknoidat magnetic t-ad. 

3) Fhlelat5atsegmentationtomeasme theeaergyflowasafmctionof(~. #)cooldinates 

4)Limiadaclxmcyin IWW%UllmeasmarwtOftheCbarged~inthiSregionbec~the 

~nitmccen~backingchamba~ghthcendplatewithout~~ganthearirc 

&IS. 

__.._.. At kast three segments in &zpth to measure the kmgitudinat shower profite to help 
idemifyc- 

5) Gocdhexmeticity. 
6) Reasonably good energy resotuticn 

A fine segmentation is essential for isolating ekctron signals which are important signatuzes 
ofinterestingevena. ttisakoanecessaqtoottoidcntifyjetswithdh5rmasscs. 

It was judged that a scintillator system is not appropriate in this region. Any type of light 
guides to kad the tight to the outside of the magnetic field inevitably introduces a substantial 
dead/hot regio+~ ifonc ties to make a fine lateral segment&o and/or more tbao one longitudinal 
segments. In this angutar region, it is also difficult to make a reasonably well detied projective 
tower by scintittators. 

AU of these considemtions pointed towards a proportiooaf chamber based system. If the 
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signals are read out from cathode pads and strips, patterns of any shape and size can be 
implemented virtually without any dead space. The longitudinal segmentation is also simply a 
matter of cabling. 

Inordcrtomaintaintbcgapheightoftbcchambaovaalargcs~~earta,apropomonal 
tube anays, instead of parallel plate chamber, were cooceived. Pmportiooal tube arrays are 
preferred also because it reduces the sdid mg!e for secondary &-rays to travQsc in the gas which 
cause fluctuaticms both in the energy deposit and in the shower profik 

Since the tube orientaion is peqendicufar to the solenoidal magnetic field the effect of the 
magneticfieldon~secoodaryel~tron~h~presumcdtobcsmall. 

With proportional tubes of masonably small profile, one can stack an enough total thickness 
intodleattocateddepth 

With minimizing the boundaries of the pmportional tube arrays, a good hemeticity can be 
achieved. 

Choice of proportiooal tubes as tbe sensing media is not necus&ly a compromise in tbe 
energy resotutioo because tbe Iaboratoq momentum of tbe particIes of any given transverse 
momentum Pt hasaboostduetothefactm l/tit3 wbichrangeakom2to5Jinthisangular 
ly&il. Therefolz based on an empiricat f-da dmergy lcsotutial of gas - 

GE/E = 30% d?i? (1) 

where t is the thickness of each layer in radiation length, the energy resoh~tioo for a given Pr is 

expectedtobecssentiaUywmparabtetotfiescintiEdtorcalorkm3er intbecentmlre@ooofCDF. 
Aftertksetxmduationsitwas&cidedtobuitdthecal~ with propoaimlat tubes 

ma& out ofamductive plastic tubes interleaved wi& kad absmber panels. High mistivity of tbe 
cooductive plastic tubea embtes to pick up the avalmcbe-induced sign& by pads ami strips etched 
axprintedcircuit ~w~hsandwitchthttubearrayonmhofthcchamberlayas. 

Thepaaecnsdthepadsaodthcstripaandefinedbypolar~II, #, andz in& 
tofomwellsegmntedpmjectivetowem L.ongimiinaUy eachpedtoweriasegmmdintotbree 
parts thefiTstandthelastbcingshallowandtbe~ddlcbeingdeepinordertocontainmostofthe 
elmmagnetic shower euergk. 

It was decided to implement strips of four to five times tinex steps for the layers around the 
shower maximum to be able to examine a finer structure of the shower core of more oc less isolated 
electron candidate events to see whether tbe shower is trueIy from ooe particle. Tbis was cooceivcd 
to hetp reject copious background from r”‘s, or tow energy electrons or y ‘s overIappcd with 
high momentum hadroos. 

3. CHAMBER GUS 
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Eachofthemodultsconsistsotfourquadranaof~=90’e;r4mdeachoftbcqaadrana 
cmsists of 34 layers of proportiooal tube arrays interkaved with 2.7 mm thick kad absorber 
panels!illingaboutSOcm indepthiuz directio4LAne@odedv&vofsnchalapiasket&edin 
Fig.2 . 

ThekadpauefsweremadeofltadaIIoywithO.O65% cakiumaodO.76 tinwbichbada 
factor of 2 larger ultimate tensile strength aud four times smaller elongation than ordinaxy 6 % 
antimony toaded tcad (1). 

TheproporConaltubesweremadeofconductiyepIastic tubesofasquazeirmercross 
sestionof7mm x7mm w=ithO.8mm thickwaUimdanakw-irc~of50~ goldplatedtungsten 
supported by Y-shapCa molded plastic pieces at both ends, as &&cd in Fig. k The conductive 
plastic tubes were extruded out of polystyrene load4 with fine grain carboo powder 12). The 
surfaceresistancewaschosentobeinarangeof60 toloOLi)Irqrrarr. Smccthegainofa 
propomonaltubcisquitcsensitiverothepbpicaldimensionsofbtccomponartoOthetolenoct 
oftheionerdimen&mwaskeptw=ithinfttM~. Th:waUthicknesawaamainrainedwitbinf 
5Ojm. Thetoleranceoftheamxkwhrdiametm wasspecificAtofOS%andtbeplas6cmotding 
fortbewiresuppoltwaaspecifiedtof100~ inthediamsionalbderan~ofthepc5itionofthe 

saddtepoint. Thewiretemionwasahout15Ogr. 

Each plane of the tube atmys was assembled iato a Em-shaped quadrant in azimuth in which 
aU 156 tobes were vertical or boriznntal in a plane perpendicuktr to the beam axis, but were 
eimmedtubebytubctoformacirrnlaran:ofA~=90’at theinner cooicalwaUoff3= lo’and 
theoutercylinQicalbou~.~tolubeto~bestepsimdnctssesanwndsvppoPtingmdsat 
every1S’at r=lMcm .guzu1teed100% sensitivitycircklieaataboatr =131a taking 
accountofthesensitivitydecreaseinaregioa~thin I cm 6nmthetubeeod.XO%ofthe 
circumfenzoce is 100 46 sensitive at 133 cm and 136 cm is the real edge. At the inner 
circnmference.duetothesimilarsitnationinetuding tkuecesay nxxsseafixthegasmanifoldat 
every W, as discussed Later, to0 % sensitivity is guaranteeA at about 3 cm firm the Io’-conc 

comspondinglo8= tl’.At105*,80%ofthecirc~~is100%sensitin. 
Siietbetubeanayswexpushcdagainstoneoftheorthogonal straightedgesparaUeI~the 

tubes, there was virtudty no dead space along that edge, white atong the o&r straight edge 
mfhogooaltothetubec&ntatioathtxwereabout5mm widedeadzouefortermina~gtheauock 
wiresandanotbersevexdmm widezoneofreducedsensitivityinberenttoauendofapro~omd 
tube. However by rotating the orient&m of the tubes by W layer by layer real dead zone is only 
the physical gap between contiguous quadrants which were kept to within 3 mm. The tube arrays 
weze sandwitched by a pair of 1.6 mm thick G-10 panels with sbuctural adhesive. Since the gain 
of the proportional tubes is sensitive to the anode wire displacement from the center of the tube 
Q*(*, a great caution was taken to keep the tubes straight within the chamber plane when the tube 
panets were assembled. 
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hMeria.l thifkness of each layer is listed ia~Tab’lbIe I. The total mat&al thickness varies 
inverselypmpoxtiooaltoco.~~ upbD3WandthendtQtasesrapidlyduetothefactthatthepartick 
rrackpcmmestothecy~oater~. 

‘IhepadsarcreerchedoutdthecoppaplatiagcladonGtOpane~oaonesidcof~ 
pmpoltionaftahepanekdilccdyfacingtofheta~aaay. segmentedwithbolmdarits&6nedby 
polar coordinates q, #,andz. InthepolarangIethesegmer~tatioowas Aq=O.O9 bcawm 

1.4land2.4 in~.andsmaUerforlarge.ran~es IntheazimuthaIaugkthestepwas 5.‘. The 
patteruofthepadsisshowninFig.4a. Alltkpadswereflaredinsizewithincreasingr 
acccdiagtothede%Tdoa LfxlgimdiMllylhesepadsweregauged~ateachofthepdar 
coordinahc(~,e)ht0~projocti~t0~ -kfktsegmentcoath3the~tfi~lalcn,the 

second the next twenty four, and the third the last five, respectively. An isometric view of a 
quadrant moduIe showing the pattern of the pads and the side view of such poiective towers is 
sketched in Fig5. 

&sidesthepads,dKfirsttenlayasotthcJecood~~~segmcnS tSthtbroughlPh 
kycrshavestripad~FypeJoatherrarsi&GlOpanels.Thcytrraahogonalwitbeach~ 
withpattcsnsinastlated inFigs.4b and4c. odd-nnmbcrcdfivctrycrshave8-stlipswhichare 

32 arcshapedstripsof Aq =002stretchedby3O*in#, audthercstfiveevennumberedlayers 
have~stripswhiEharcthifilradialstripsof~=l’.Ilr~oftbcsestripsinpo~anglc 
islimitedtoaregionof q =l.Zto L&4. Itwasbasedooajudgement thatanylarger8regim 
is not much worth of impkmenting strips because of inferior energy txasuremeu t due to the 
kakage at the boundary. Tie smalkr 0 region is ahzady well segmented by the pads. AU five 

edipsare gangedmgetberin depthatthesame(rJ.~ )coordin&alsofWmingwelldefined 
projectivetowezs,andsoarcthe~-stripsMepen&ntIy~ InTabk2tbetotatnumbaofsignakis 
Wed. AkoTabk3summadzes thechamberlayerumfiguration 

OocwhofmeGlObapds.signals~thepadsand~~~an~%ltradianypothe 
oatercircalaredgeoftheboaxdbyetchedstriplhesandcormacltd toedgecardcrmeaoa Ooe 
%+IICOMCZtOr~CV~ r iIl# CO&Ct’3S@ab6UtUtitCCtlpdSblthCradialIOWatthC 

comsponding # andtwo 34-pinconnc~pa~utassignedtoeachofe-andO-s~~ 
within the ccarrsponding A# = 30’ seetoc The IongitudinaI segmendmwasachievedbysimply 

gangini3 the necessary numberofcormcctors atthesame# byafktriicabk. 
The anode wires were bussed together in each of the qnadraut panels throagh a 100 Q 

resistor on individual wire. The signals wen each picked off a 50 0 coaxial cable which feeds 
high v&age to each qaadlant panel. 

Theentirestackofeachmoduleis containedinagastightvesselforcafhoftbcfolwardand 



&chofthegasvcssekcoasisaofa4.45cm thickmmdrearph-,a roundl.27~~1 thick 
front cova plate. a conical win at the ixma circumference at e = 10. , and a cylindrical wall 
anwndthcoam~~.ThccrlinmialaranPolnrdtbcoatcrfircamFcrarcndividcdinm 
Mosectimin# mdeachscctionbaraNVtdarindowfiam,whichismosthlmilledout.anda 
curved covapfate 

Atevelyl5~ ia# aodclosetotbeoutercircumf~inradi~tbelearetwelltyfolllrods, 
3cmin~,,supportedbytheboaompdtbe~platcJ.haminga”Ferriswbetl”~ecage. 
In each quadnot volume. the pmportioaal tube panels and iuterkaving kad panels were glued 

tog&a in depth making eight digid blocks, tht tirst six blocks being with four layen each and the 
resttwo bloc~LswitbfivelryaJeach.Tbcprocessof%aeiog~~ecautioaslyioordato 
assumtheflatnessofthetabepanels. Evcr)lbl~was~prrssedagainstaflatstalbed.whose 
suzface 
wasgroluldtobetltrtbau5O~.f~minimum of24homswithluz.m pressureatcuringtimeaf 
theglue. FIamessofthesurfaceofewxyblockwas measmedtobewithinflOO~ T&se 
bIocks were then hung oo the supportiug mda at the mmqmding holes &se to the outer 

circamference. Thegas~issopportedPclticanrin~tofthccndp~gbadroacalorimcta 
bysteelbarshorizontanyextendedliomtbchamoa~seuctarrat~lS*inOaround 
tbeouter&xa&enceandafoundtheianer8 =lO’coue 

With removing the covex platea on the outer circnmfw most part of the side of the 
calorimeter stack and the signal and the high voltage feed-&rough boards are accessible for 
che&ingafteraUthecalodmeterlayers iUCStdCd.?Ild~fasraaltOthCvcsSel 

Thcmataialspcan~magncticexccpforthcrrar~platewhichbapertoftheff~x 

=-=fPQ stmtareforthesdcnoidalmagrletieficld Anaftkstxucnd mafibcrs.mee= 

l(rumicalwatLthcsupportingrods.&cwidowfiamSdthel27cm ikootmvapla*am 
madeofstainksssteelandtbecylix&calsklemvenarem&eofatuminmn 

Thepenetrationofthepadaudstsipsigualsandtbehighvoltage tlmxghthegasvesselwas 
made by feed-through boa& mounted in small. encksures at the ream cmna around the outer 
drcumf-. ‘Ihescfced-throughboardsart~~~aronndtbconta~~sothat 
alltbesignalcabks!iodtkirf&d-tbmughbcardattbesame~ witboatanydemuGg.Siithese 
encIosures are at the farthest corner from the inter-a&m point, Ihere is enough thickness of more 
than 18 radiation length in front of tbe enclosure. 

ThepammeBofthemodukis - edinTabk4. 

5. GAS s(SCEM 

Every other supporting md is hollowed and has 34 small holes each at a position 
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cimqcdngtoevaychambcrlayar;tciagtowiadrdwchamber. Tbesetwelvercdsareasedas 
gas manifolds with gas being fed at the end where the mds are welded into the scar steel plate. 
~Pc~bonowcdrrctangular~withsnanbdtsatevay30’inOontheinoaFonical. 
wallof B -10’ aso~tktmanifoids. Mrbcinlasofavaselarcfcd~vithgarparallelyand the 
outIetsareabcomecad totbeexhansttheillpade&assketchedinKg.7. 

Theemptyvolumeofabout12m3 ofeachoftbevcsselswaskept~~edbygaswitha 
sIow flow rate, aboot 100 cc /min. to compensate a minor kakage of about 50 cc tin. 

.&gon+thamof50% -50% mixturrwithsmallpaccntageofethylalcoholadmixturchas 
beeu exclu.sive!y used duoagbout the test aud the caliition rims. This gas mixture has been 
extensively tested (3 and has shown exceIknt proper& against aging problems. Akohol mixture 
preveats a continuoas g!ow discharge 00 develop when a krge dose of radiation shines a small 
spot. Since a nxent study ((9 haa shown that isopropyl alcohol ia superior as such a quenching 
agent, it is used in bre tinal CDF detector instead of ethyl akohoI. This change of the alcohol 
admixture does not czeate a probkm in maintaining the caIiitioo of the absolute energy scale 
beacuse the energy scale is soIeIy maintained by the signals dram radioactive soaxces embedded 
withinthesamegasen~askcliscassedlater. 

Alcohol parentage is regulated by feeding the inlet gas through a bubbler immersed in 
alkobol in a &iigemting bath wbcr3e tcmpaahne is kept within iO.l’C amund -3-C. 

TheaTeaofthepadslaages lIwnabout3cm x3cm to loan x19cm inthefilstlaycr 
depedingonq.andfIawoatbyupto#)%withincnkngz. comprisingasizabkclpacitme 
withtfkewallofthecoductivepkwietube3.The meamedcapecirancesofttlepadtowcnwere 
consistcntarithtkvalueJealcatd tithtkf0nOwiOgparalldpht~f~~k 

C = 6855= e=Sld @F) (2) 

whereS isthemalareaofthepadsinn? add isthedistmceinm, assumhgthedielecttic 

constant E of 4 and d = 70 p corresponding to the gap between the pad surface and the 
conductive plastic tube walL Tk largest capacitauce comes fMm the second loogitiai segment 
ofthe~wainwhich24padsindeptharrgangedtogether.Thtmaximumvalueisfor thchowerat 
8=25’whichar;lsmeasurtdtobeaboatllOnF. Basedontbemeasutmnentmadeoowofthe 
prototype module 0, the rise time of the shower signal from the anode wire is estimated to be 
aboat70nsec inthepfe5entclseof7mm X7mm tube@). Theobservedexponentialfalltime 
of the signal from the pad is a product R . C , in which R corresponds to the cable impedance 
assuming that the input impedance of tbe read-out electronics is matched with it, and C is the 
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kpacitance of the pad towa segment l’hcdorc custom made 14 fl ribbon coaxial cables were 
nsedtobringthe signals~mtbepadsandrhcstriptothtchargcvnplifierplaf~dootbc~& 
ofrheendplugs~th~timccoostanttodrainthc~~. ‘lbecableswere7vrerer long 
eachaadtbeinput~~oftbcchargo-inbcgntingamplifia~dcsigocdtobcaboat12n in 
cdrtohavea masmabk matching. The signal is integrati for I.6 JI ret afkr the. beam crossing 
andameasaremen tindicatesthatmorethan%% ofthechargeiaintegmtedevenfortheworst 
case. It is plauned to miuce the time constant furtha by impkmenting a low impedance input 
huE~ckcuitwithinthegasvessel innear future. 

l%e charge-iutegrating ampIitia developed for CDFm has a front eud charge integrator 
fohoond by two SampIe-hold circuits with an analog switch in fiutt of each. Thus the base line 
sampkdat 2conJec befolethebcam aossingcanbesabttactedtIorntbcchargesi@sampkdat 
l.bjtscc lftcrtbcbcuncroasingsothatthcoutputisascntiany~~slowfychangingtailof 
thepredingsignalor loarfeqaenq noise.Theanal~mtpat. lMxinmmof25v for5oopc 

input ,is scanned by a single 16bit ADC which is common toallchanneLs,upto0cbannels,in 
a crate. 24 cbarmels are housed in a CAIZROT type modules. There is an on-board charge 
iajeetioopuLserwhichcaniajcztaknownamoDntofcharge, storedinatOOpF capxinxbyadc. 
w&age given by a 12-bit DAC, into a sekcted chatmet at the hont end. The gains of ah channels 
are adjasted to fl ‘A at the time of the module assembly. The pedesml vaIues. measured on all 
8400 channels after the m&meter moddu were &a&d onto the CDF detector structure and 
completely cabled, were very stable and the r.ms. spread of the pedestal was less than 12 L.S.B. 
counts.orabout0.1pC orless 

~ghthckamaeStonthc~modalcs,ithadbeta~~thatthecalorimrter 
response is qaite seusitive to the change in the operational conditims such as the high voltage, the 
gastempemtum,andthegasprcssure 0). Smce me cannot presume that the effects are simply 
additive the overall gain has to be monitored ratber than monitoring the variation of individual 

A test made on a prototype modaleo) has demonstrated that., monitoring a peak in the 
spctram of low energy X-ray emitting radioactive somee mounted on a tube identical to those in 
the calorimeter stack witbin the same gas vessel. one can trace the gas gain for high energy 
ekctron-induced shower to an accuracy better than a per cent 5.9 keV X-ray from Fess is 
appmpde for this purpose since it penetrates the 0.8 mm thick wall of the conductive plastic tubes 
aad the converted ekctnms stop mostly withiu the 7 mm x 7mm gas voiam forming a sharp peak 
ofawidthofabout6to846 inrms.. A1jfCuri.e Fe55sourcedepositedona50~m wire, 
spreadovaaboat2cmalougthewire(*~ , was glued onto the outsirk of each of a It&cm long 
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proportionalmbts~tiulmtbctubcsasedintbcfllorimetcr.Kg.8isa~k~spcceum~m 
froaloneofthemalituingmhcsinstalkdinthetina(calaimetermodldc. 

Twenty four such tubes were di~tnb~ttd with rep&r steps around the outer circumference 
withinrbegapktwtcnthega9vcsselaodtbtcalorimcterstackwithineachofthcgas~lsThe 
outputs wue codnuousiy mcdtaed throughoat the diiratioo run which took about two wztks 
foreachofthemodalts. 

Since the charge ootput of 5.9 bV peak of Fe y from sach mhe is about 0.3 pC for 1.9 
kV operatim. a high gain charge-intepting ampIii5er was &loped 19). The circuitry is similar 
totheCARROTamplifierinitisa~~plcsystcm.batitisasclftrigXcringsysttmin 
whichtheampliiiedsi~~sentoDaLSI-lldrivenmonitoringsyJbemwhilctbcinocgrabtdsignal 
isdelayedbyl.gprcr towaitforthcstrobcsignal~mmcbact.~thetri~aIogic. The 
UKKMU, each housing 16 cbannek, have been tested and have shown excellent pmpertics, such as 
limzity, stability, and quietness. and have been inplemented to the monitoring mbes Jn order to 
makethc5.9iLcV pe*usentiallyuoiselketoeasethefitting~ mhesHcopaatedatl.9 
kV altl~~~gb thecd~ isopaatedattowahighvoItagevalue, 1.7kV. 

‘Lhroaghth:~ten~gnmdCDF,awasdanonstratcdrhatsrtch~~gwasin 
fact quite &iablt. Fig.9 shows the plea of signals &om 21 monitoring tubes embedded within 
onedthecaIolimttcrmodulesforaboattwomonthperiodoutoftberotaloffivemonthsofthe 
tun J3icb data point repruents a 5.9,@V peak detedned from a palse height spectrum of loo0 
events aecmalated witbin about 10-k+, and the sampling was made at a few to sevetal hour 
intervaLs. Each of the signals was normali& by the mean value of all of the tubes and the vertical 
axiswasshiftedonebyonetodistingnishimiividualbehavior. ‘Ilursrrspreadofeachofthe 
mbesisahtmt O.4%cxceptforoaembeofO.6%pdthrsL~sprcadof~thtdatairO.~% 
after mlmanzation anocating one mnstant Factortoeachofrhemhes. Thisohse1~6oocoofirms 
~mbesarr~tr;r~geaEhotbnandgivcsamnMcncethatthgainafthecalorinacter 
against high energy paxticks is well ncxmalized by these monitoring mbe data. An attemt to 
normalize these data by correcting fa the measund temperature and the barometric pressare has 
failcdtogivesacba~ion.ThefantbataIltbcmbcs~~batedaroandrtacoutaeimumfaencc 
have show-a constant relative gain provi&xi an evidence that thexe was no time depmdent local 
dismrbanm of the gas coaditions within the gas vessel. 

After three generations of prototype modules have been built and tested for general 
characteristics by high energy electron beam at Fexmilab up to 200 GeVmm*lh the two fti 
calorimeter modales were built and exposed to the beam for various tests and for the fmal energy 
calibration 
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8.1 TESBEAMLJNE 
‘Ibekamwasdthaofpurifkdel~kamorpurifiednegativchadnmbeamwith small 

fmction of conmmiuatia~ of the nmkshabk particle species. particle by particle. the incident beam 
ray and momentum were measured by a set of analyziug magnets impkmented with a sti of 
propatiod chambers. The measured momentum resolution was better than 0.5% at and above 
1OOGeV outofovuaU*4% mommtnmbitecfthebeamandtheincidentpointwasmeasuredto 
bettexthanlmm while2Jcm X25cm awasaXioualaxmwastakenoatofasIight!ylarga 
beam pto61e(1~. 

Thecalorimaamodulewas~oaa~~whichwasdcsigncdaDrogtcthemodule 
inbothvcrtLalandbarimn~aldinctiomm~~anyoftbepadtawcrsmthcincidentbeamaxis. 

The fixture was compater contdkd in such that drc moduk was rotaM, after xcumulating about 
lOOOcven*ratev~spoSfromootan%ctothencxtwittnira40secin~bdorrtbcsubscqucnt 
beamspill. Theaogtesanrc~~byl4bitlocaryencodmto81accmacrdaOT. 

8.2 ELECTRON SHOWERFROFILE 

Kg. 10 shows a typical kgo plot of electron induced showus mcasumd bythepadtowem 
andFig. istheIongitudinalprofilcoC~sbowasmcasurtdbytbcanodewirclaycrs. The 
fractional flucmatioo of the layer by Iayer signal ia smallest at the layas around the shower 
maximumasshowninFig.12. 

A reasooable fit to the longitudioal proFile was obtained by a formula of the following 
f-W 

AE/At = A tadt (3) 

and 

A = E- p+'/ T(a +l), 
a=a +b-InE. 

J? =c +d.hE 

where U, b, C, and d arc coostamtg. 

8.3 SHOWER LEAKAGE 
In Fig.13 the logitudinal shower k&age at @=20° was plotted against the incident energies 

atl.8KV. Data pointsfrom20to2OOGeV werccakulatedasthediffexencebetwezntheintegral 
to an infinite thickness of a curve fitted to the layer-by-layer signals at the tail of the shower 
beyond 15 radiation kngth and the measured signals np to 34 layers. The cm-~ axe shown for the 
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diffemt angles using the psrmitefsizatioo derived born the ahove data 

8.4 ENERGY RESOLUTION 
In fig.14 the energy resohttions of the summed pad signals at 1.8 W is pbxted against a 

quantity Z/VI?. ~rcJolutioaissli~~worscrban~caaonicalvlfnebaKdonEq.( 1) 
whichwasobtaimdonthcprototypcmaNcJEvcnthoughthcpadpaneochedanly~ooatof 
evnychambcr,theeotrgyrrsoiutioosare*isendanytbc~asthatofthtwmmdanodtwin 
signals in good accuracy. 

Inqrdamfindanoptimumhighvottagev~ &eenergyteaolutionofthepedsignalswas 
plotted against the high voltage in Fig.15. The energy tesobnioa becomes wase above 1.85 kV 

which correspoads to the end of pmportional tegion. Since the energy msohttion is not much 
different&wnto165kV, 1.7kV waschosenasthetinaloperatingpointinordcrpoavoidgain 
SatmatiM as discnsseA below. 

85GANSMUTUTlON 

At higha range of the high voltage valuea, signal satmation is expected, especially for 
higha energies. A sensitive way of examinin gwhetheranyIayerissaturatedistomahea 
mmparism of the laya-by-laya mspomeafordifferentvohages. Figd6a andb pethescatter 

plots for 1.7 kV vs 1.65 kV and 1.85 kV vs. 1.65 IV, respectively, with 100 GcV 
electrons. The tw*valued correlation seen in Fig.16b is indicative of saturation in some of the 
layers, whereas in Fig.16 points ate welt chtstered around a straight line indicating that up to 1.7 
kV thecbambcrsare.notmuchsaturatedforl00GeV incSnteIecmnx. Noticethatsuchapiot 
~Mtaffecttd~apossiblcencrgy~tdfectIllchasthekaLagc6romthebeckofthc 

caknimeter. The &end ia furtbet examined in Es17 51 which the layer-by-layer signals for 

vaious voltages an normdid to those fix 1.65 kV. All the points arc further numalid using 

theaverageofthelasteightlayerswhicharetlat inmaponseirxIicatingthetebnoappmciabIe 
saturation At~eeofthcsboarrr.inadditiontothefactthatthe~dtpositissmall,the 

showa is welI spmad laterally dting in much smaller back density than the shallower layers 
Severest satuation is seen in the layers in ht of the shower maximam where the shower is 
aheady developed bat is not much spread IatetaIIy causing high track cknaity. It is obvious that the 
choice of 1.7 kV as the operating point is well just&d with regard to the saturati~ 

8.6 LnaARnY 

An estimate ofoonlimariry of the response against the incident energy was made for various 
incident energies. In Fig.18 data points for 1.8 kV were fittal by a quadratic form The quadratic 
term becomes about 16 % at 200 GcV out of which 4 % is accounted for by the lougitudinal 
leakage as discussed before. At 1.7 kV, which was the operating point, the noulinearity is much 
less significant. 
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Using the tower by tower energy deposits the ccntroid of the shower was calcukatcd as the 
6rstmomcn~ Fignl9a mdb prcthcxvacrplotsofthc&owcrozntxoidiutadialdircctionthus 
cakulated from the amgy dcpoaits in tk sccmd longitudinal segmam and ia the Strips, 
nspectivcly,agaiasttbcan%coftheFocdtingfixnrrr.Minulcd~~intbtpIotforthcpadsis&eto 
thc~~sizcoftbc~andthcsimplifiedalgrxithminwhicbmeccntaotthepadsarrtaLnras 
thecoodmtcofdlepads. lllcang!emcas uremcntbytkthttipsendsatncarto18°behvwhicb 
thcstripsannotimp~~Figs.2Ou andb arether.ms.amrinsuchpositionC . tion 
nsingthesignals6romthesecondIongittdinalsegmentsdthepedtowen. 0 istheplotofthc 
resoIutionint3dinmionandb isthczsohuia~in#-dimaia~.bothindcgree. ThemsoMionin 

#direction is 0.2' to 0.3' and flat in terms of the angle with varying 8. The resolution in 
fkiirection is about O.W” to 0.2”. The angular resohtions measured by the strips are 0.049 to 
0.06” in fhliredon by &strips and about 0.P in +-dircctkm by #-+xs Fig. 21 summa&es 
theincidentencrgydepmdcnceofthcpoaitioorcsoIntions~ by the diffexult longitudinal 
segmcIltofthepadtowasaIldbythcealld+Srips siitk.%axndIongitudiMlsegmentof 
rhcpadscoatainsmorcthan8o% oftheshowercncrgy, itgivcstJlcbcstllzsohlti~ whatiatllc 
firstsegmentispoorerdaeDDthcIargafl~~ofdwencrgydepositeventhonghtbe~ 
pmtile is smalh. The strips, citbcr of 8 or #-strips arc almost a factor of two better because 
they are segmented fear to five tims smakr. The rapid impmvcmcnt oftbc resolution for tk first 
segment with increasing the energy is attributed to the improvement in the energy deposit 
fluctuation. For all the curvea, onfy a gradual improvement is observed beyond 40 Cd. Dis is 

consistent with the mend of tk shower prot?fe wbicb is cssmtially independent of the - 
ahove 40 ccv. 

8.8 ENERGY GUIBRATIGN RUN 
Inthef~energy~brationnuw,an2304p;sdtopvas~scarmtdby IoOGeV ekctron 

beams. Thcbeamwasinjecacdin~oecenterofeverypedtower. Anisometricplotoftkanode 
wircrcspooscofoneoftbemodnksisshowninFig.22. Ductotbcbrallcabge theItxponsc 
isreduccdatthepcriphaiesofthcquadrants. Fortbcpadsattheurthogonaledgesthcrespoose 
was reduced to 50 to 95 96 of the normal values in rhe central region. At the circular periphery of 
theoutcrcircumfexence,therrspooscwas20to40% ofthatoftheccntralregioaduetothefact 
that the showcr pcnettati through the cylindrical side waK Fig.23 shows the cross scctious of the 
above plot at four azimuthal angles, as typical exampks. 

Fig.24 is a histogram of the gain at all data points fca one of the mcduks except for one 
TOW of the data points at the periphery of every quadranrp. With the only correction applied to the 
data being the normalization for the gas gain using the mooitoring tube data, the uniformity is 2.5 
% orbeaerforallof~quadrants.Itimprovedto2% whealwom0rerowsofdatapointsatthe 

12 



pelipheIyofcwxyquadnnt waecxchdtdaasboQminFig.25. 
Oocofthcaspectaontbc ~niformityoftbepadmspo-~isshownioRgn26a mdb. l’k 

measudresponseareavaagedoverthe16padsineach oftbc72radialmwsofA#= Yin 
fig.26o.andall72pdsina ckcularringofpadroanofcacbofdiff~tq arcavaagcdto 
showtkgenaaltrendofpadxspcnscwithvarying~ inFig.26b.Thcgradaaldropofthe 
Rsponse~largerradius~~rotbehrgacapadtanc*lofthcpedDJarcnwhichrrduccsthe 
gain of the charge-i~~tcgrating amplifier by up to 20 RD. Such effect will be climioatcd once the 
afcxlxmltid iFlpUtbuffcrl5nxiu~imp~~tcd far the scclmd!algitudiual scgmcnts. 

8.9 GAIN CORRECTlION 
Onasucbamspooscmapiamcasmcd, itispossibktoc~tbccncrgyofthcincident 

electrons fcs the lccal nonuniformity of the spot of I!IC intkknce cm event-by-t basis. The gain 
corzctionfactor ui ofrbei-thpadaown,addinganthrrtlongitudinallegmcotq~calc~~ 

by llhimihgJ&finedbythefonotigFormula, 

x'=s (I$%&,+FAjteM 3 (4X 

whereA isthei&algaincoa.stantavcrtheentircsUrfacc, aalAit iathesignalofthei-tbtower 
fOrtbCk+tlhcVent.‘IhcSUfflXj inthe~tum~vithoutthe8ainconcCti~f~~SOVerthe 
towm along the periphery of a quadnUt, which have large leakage, sod the &fix i nms over all 
other rowers inside. 

The~tyofNEb~~mtCdintbt~Uoaringpnxedurcliothisa*lt~thc 
middle~=3(rsccuaofonedth~tmodalcs~~~~mtptripbcra(40 
towaswarcosedfartheen~datafatbefecoadtpm~withoat~ conuxkofactonand~e56 

towerJintbemidmearrabawan1oDandwpinewaeosedforthe~~tothetirstmminthe 
above formala Fig.27 u is a raw distriiioo of the response from pad towem witb scanning with 
100 GeV electron beam along a radial line. Fig.27 b is a corresponding event-by-event 
distribntioo after the correction Then t&e mthod was tested by using data sampks for which the 
beam was injected along oue of the radial boundaries between adjacent radial rows of towers aad 
77777777777777777777 IlOt USd aJ thC iI+ data tocalcalate dK. @U ComCtiOU factors The lBUhill8 di&iiUtiOn is 
shown iu Fig28 _ The rm.s. spread of 1.3 96 is inclusive of several factors. If all the data in a 
360’endplugisasedasthcentry~~akdexmrfromthe Mcorrectedenlrydatafortheradial 
bomldaly will he largely eliminated even though mere al-z decrease of tile gain at those boUlldaries. 
The remainkg factars are the iutrinsic energy resolution and the Iocal gain variation within each 
pad tower. Cons&ring these the Pest is a proof of the validity of sucfi method. 

8.10 PION REJECl-ION 
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Inmut~eff~~tod(DidtntiryeIectmnsiraDdanandthatthesboarcren~ 

measuted by the ekcaomagncdc calorirrxtcr is close to the momturn mcasurod by a tracking 
dcvicc in limt However it is uot quite usabk in the aogukr rcgioo of Ihe end plug cahximeW 
because the particks @avme the comer of the central tracking chamber resulting in inferior 
momentum resobdn. Therefore it is &Gable to develop a method to iden* &ctrons withcut 

dcpcndingatf= momentum measuremm~t. A method based on a covariant matrix of Iougitudiuai 
shower prolilc with coHelation(‘~ was atudiaw. The covariant matrix is &tiled as fonows: 

Mjj (&)= -<Xi(E)> )( Xi@)(E) -<Xj(E)z) (5) 

whereN ,Xi@j, and <Xi > standfor thetootlnumkrofelectrwevcnts,i-thvariabledn-m 
~evenSandtbemcanralueoftbti-mvariable,~~v~. llcuavariabk5;t b&fii 
forrhe~-thevcnttobcDcsmiasfot!o~ 

Ck <Xi(E)> ) (M-I(E) )4- ( Xj”-<X#Eb ) (6), 

whercN1, dcnof~~thenurnberofthe&greesofll~&~~~audL isthetotalnumberofvariabks. 
MI iathcinversema&ixofM dc6ucdby Eq.(5). Xickj audcXi > are&i-thvariableof 
the k-th event to be tested and tts man value of i-th variables fcf all &ted events, respectively. 

If the particle is completely isolated, layer-by-layer signals of all 34 anode wire planes in a 
quadmrucaubcuscdaslhevariabkS Howcvcrforrhcgmraliywcuscthcpad-arId*- 
signalsin~~oavoidmaItipk~t~~foUoaringcigbtqoantitieswac~ EMI. 
EM2*~EM3’.H:8;~‘,ug, ado,. ThueamtbeerIergydcposminthefirss~ondaud 
&ird pad tower segment, in the ektromaguctic cahnimetcr, the energy deposit in the hadron 
caIorimeW in the same projective tower, and the energy &posits in 8 and &Grips, xqectiveiy, 
all ‘- xibyQmtalexrgydcpuEitinthcckcmxnagueticcabrimta. Thclasttwoqnautirics 
are the r.ms tateral shower prolik rneasuxd by the S aud &s@ips. Fig. 29 is a plot of such 
6actional energy con tainmenta in the tit and the second longitudinal segments against the ioci&nt 
energies. Itiswenthattheyanzahostamstantkyond7OGeV. Alsooulygtadualdependence 
on the eue-rgy was observed in tb matrix elements beyond 70 GeV . Therefore the matrix, whose 
elements are uormalized by the total energy, to be us& need not to be cxacdy of the observed 
energy. Figs.30 u , b , c , ad d arc the scatter ploep of these quantities to show the correlatioa 
The average values of the above quantities for 40 and 100 GeV arc listed in Table 5. 

Various combinations of the quantities were studied for sampte events of 40 and 100 GeV 

ekctrous and pions. For example, fractional numbers of events arc histogramed as a function of 
the parameter c in Fig.31 in which the fmt four quantities, EMI, z 3, and H were used to 
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calculate 5. In Fig.32 the pion rejection was tested for various combinations of quantities which 

are marked on the curves. In this case 100 GeV pions were tested using a matrix for lOO-GeV 

electrons. As seen from the figure, a rejection of a factor of 500 to 1000 can be achieved if an 

efficiency of 60 to 80 % for electrons is acceptable. 

9. CONCLUSIONS 

Two large lead-proportional tube sandwitch type calorimeters have been built and installed 

onto the central CDF detector structure to cover an angular region of 10” to 36” with respect to the 

baem line both in the forward and backward directions A well defined projective tower geometry 

\<Fas formed by pad and strip read-out taking advantage of electrical transparency of conductive 

plastic material of the proportional tubes. After basic characteristics were explored, all 2304 pad 

to\vers were calibrated by 100 GeV electron beam. The gain uniformity of one of the modules was 

measured to be better than 2.5 % except for the peripheral area of quadrants. A X2-minimization 

procedure was explored to correct for the tower to tower gain variation using the measured 

response map. The uniformity was improved to 1.3 % in r.m.s. . 

Capability of rejecting pions against electrons without relying on the momentum measurement was 

studied using a covariant matrix with longitudinal shower correlation. A rejection factor of 500 to 

1000 was obtained for 100 GeV pions with 60 to 80 % efficiency for electrons. Table 6 

summarizes the Frformance of the calorimeter. 
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Physical Radiation Pion Absaxptioo 

l--m@ hgth 
---I -----__ 

Fmnt Cover Plate : Fe ( z = 173.99 - 175.26 cm) 12.7 mm 0.722 0.0597 1 

E&I Sampling Layer ( z = 175.26 - 22606 cm ) 

LadPaneI(Ca:0.065%,Sa:0.7%) 2.69 mm 0.480 0.0134 

chamber* 
Cu-Clad G 10 1.6 nmr 0.013 0.0033 
Conductive Flastic Tube 
(WakO.8mm, lDz7.Omm x7.Omm) 86 ?nm 0.007 o.oa37 
Cu-Clad GIO 1.6 nun 0.013 0.0033 
EPOXY 02 mm 0.0003 
X&pm GIO 0.05 nml 0.0001 
(onlycaCbamberswtilstrips:6-tll-l~th) 

Total 121 nrm ox?34 0.0107 

TOTALTHICKNESS (FRoNTcovERPLATE+34sAMPLlN GLAYERS) 

* = (p ^--_....-_........-..---...__ I 51.4 m 18.2 X0 0.88 .lxds 
(J = 11” ( ,, ,mm (.J = 1.02 ) -_.......---......- .... 185 X0 0.89 Pds 
0 = M” ( 1, cm 0 = 1.15 ) ........................ 2*.0x0 1.01 a*&& 
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3$hle2:2 

PADS 

II Aq No-of A# No. of No. of No. of Total No. of 

*IF +Segm. l.ong.Segm. Modulea Channels 
--- -- - --- - --- ---_---- 

1.13 - 1.2 : 0.07 
1.2 - 1.32: 0.06 16 5” 72 3 2 6912 
1.32 - 1.41 : 0.045 
1.41 - 240 : 0.09 

B-SITUPS 1.2 - 1.84: O.a2 32 30” 12 1 2 768 

~-STRIPS 12 - 1.84: 6.4 1 lo 30 1 2 720 

ANODE WIRES : 156 wins in a A+900 chamber an ganged together 
LayersNo. I-29:R=l32an-8 =ll” 
IayersNoJO-34:R=l25cm-0 =ll“ 

1 90” 4 34 2 272 

MONlTORING TUBES Every -300 TwoPhes 2 48 

TOTAL 8720 Chmels 
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(3uIMBER NO- 
---------- 

e=110 300 
-___--_-_ 

1.24 

3.33 

3.86 

8.57 

15.89 

16.41 

1850 

1.41 x, 1...............-......~......~ 

2 L PAD LONG. -SEGMENT - I 

.- 
J 3.78X, 5..............-......-....... 

4.37 x0 6. . Q-S- No- 1 . . . . . _ _. . . - . . . . 

7. . . . . . . . . . . _. _ - . +-srrup No- I i 

8 -+-STRIP No.2 
g . . . . . . . . . . . _ . . . . +-snup Nom2 

10 _ +STRP No. 3 
1, . . . . . . ..-....... 9-srrup No.3 ’ 

12. -&STRIP No. 4 
13.. _ . . . . . . . _ . _ . . m No. 4 

14 . . l&STRIP No. 5 PAD LONG. SEGMENT - II 
9.71X, 15..*-.-*---.*---41-m No. 5 

16 

17 

.- 

18.01 X0 29 . ..--..................~.-. 

18.60 X0 

I ye 

30 ““‘~..‘~~“.............~ 

31 t PAD LONG. SEGMENT -ID 
._. 

20.97 x, 34.-....--.....-.-.......--.- 
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GAS VESSEL 

outerDiameter 280.7 on 

InnerDiameter 6l.Oun atr = 172.70~ (FrontEdofProntCover) 
(e=ioo) 8lJcmat z= 23l.lcm (Rear Endof Rear place) 

Total Weight with Cabimet~baied 124 nusric rons 
Total Inner Volume 29 m3 
Total Gas Volume 1.2 m3 

CHAMBER -ABSORBECR STACK 

Lead Absorber Panel Ca 0.065 & Sn 0.7 % 

269mm Thici 

Chamber Layer : Sandwitch of PC Board witb Pad pattan, Conductive 
Plastic Pmpodicmal Tube Anay, and PC Board with Strip 
PattemaGmmdPlana 

Conduaive Plastic Tube Polystyrene with Fme Grain carbon Powder 
60 -la>Uill4W~ 

Ancdewii 

P.C. Boards 
Gas 

KV. 

LD=7mm x7m. wau=opm mick 

Mpm GoldmdtedTungstcIs _ 

Tatsion - 150 gt 
1.6mm -lIicJr, Copperclad 
Ar-Ethane 50%-H]% 
hqupyl Alcobl ( -3 “C ) 0.9% 
1.7 kV (Monitoring Tubes : 1.9 kV ) 
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me 5 : A~C~~TV~@JEO.EO.I~~FQ~ 

R doGcV Aii IOOGeV~ 

40 GeV Elm 1oOGcV Elanons 

EM, ’ 
EM2 ’ 

EM3’ 

H’ 

II’ 

9’ 

q,(m) 

u,(m) 

0.082 0.032 0.050 Qlx!o 
0.893 0.036 0.909 MY24 

0.025 0.023 0.041 0.018 

0.012 0.140 0.021 0.043 

0.236 0.036 0.207 O-034 

0.212 0.(325 a191 0.026 

272 0.25 270 0.16 

278 0.20 2.76 a11 

Note: ~~.‘2.~,H’,rl’,andg’arrqaantitieswrmalizcdbythcrotal~~depositcdin 
the clecmmagnetic calorimeta, namely EM, + EM2 + EM3. 
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Energy R.~~iution ( pad ) 28461 $3 

AnguIar ResoIutioo : &and pad went de : 0.~” - 0.2”. A# : 0.2O - 03” 

gs&ips de : 0.04” 

+-trips A# : 0.1” 

Lilleady at 2oOGeV 1.8 kV -16% 

1.7 kV - 7 % ( 4 % Leakage Inclusive ) 

GaiIlullifonnity (Ano&wk) rms S 2.5 % 

Gain Monitoring LIILS. I; 05 5% 

PionRejection (EkctmoEiEciency CO-80%) 500- 1OCU ( 1OOGeV ) 
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fig. 1 : Gcs sectional view of the end phg eI~magn& CahimcDx. 
Fig. 2 : Explcded view of a layer of the pmportid tube array. the p.c. beard with pad 

patkrns.aadthep.c.bcmdforgmundplane. 
Fig. 3 : Plastic ancde wire support 
Fig. 4 : Patterns of the outside pick-up elaxmh: 

0: Pads. 
b : &trips. 
c: @strips. 

Fig. 5 : Isometric view of a quadmnt showing the projective pad tower struti and the 
Iongimdimd layas. 

Fig. 6 : kometricviewof thegasvesseL 
Fig. 7 : Gas flow diagram 
Fig. 8 : Typical FG5 spectrum mwured by one of the gain monitoring tubes at 1.9 kV. 

Fig. 9 : P!otr of 5.9 kV peaks of Fs5 sources mounted cm 21 monitoring mbes distributed in 
oneoftheendplugcalorimc%xmaddes. Eachoftlupeakvaheswasmxdizedby 
the man of ail tubes ‘The data are for about two month periai out of the five-month 
long CDF engineehg run. 

Fig.10 : Lego plot of the energy deposit of eIedrcm.s measured by the projective pad towers. 
Fig. 11 : L~ngitudid profile of the electron induced shower mwsnredbytheanodetiplanes. 
Fig.12 : Fracticdrmshctuatiutoftfuzlayabyhyer~crgy&pod 
Fig.13 : Longitudinalshowcrlcakageftumthebackofthecalorheter at 1.8 kV, Datapoints 

hm20GeV aptoMoGeV were tittaibyacurveofaformof y =aEb-and 
exmpdataitohigiurenrgiea ThckakagewascahIadbyexpapaIatingcurvcs 
6ttedtothetailofthe~wabeyondlSradiation~engthao~~echiclmess. The 
functiooalfonnofEq.(3)wasasedTbeothacwaan~eestimatedl~ongitudinat 
showa leakage at various inci&nt angles using a pamMxizatim derived from the 
above procedure. 

Fig.14 : The resolution of the energy measured by the pads at 1.8 kV. 
Fig.15 : lIqedence of the enezgy resolution on the cqexating voltagc~ 
Fig. 16 : Scatter plot of the layer by layer response of tk calorimeta. 

a : 1.7 kV vs. 1.65 kV. 

b : 1.85 kV vs. 1.65 kV. 

Fig.17 : Response of each layer normalizd to the raponse at 1.65kV. The ratios are further 
normal&4 for their absolute values using the ratios at the last eight layers. 

Fig. 18 : Energy depedence of the calorimeter response at 1.8 kV. The data was fitted by a 
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quadratic curve. Tbe dotted line reprexnn the Znear tenp Tbc energy me at 

1.7 kV using a paxametrization is also showrk 
Fig. 19 : Scatter plots of the measured ~IOWCT centmid +@st the angle of the tower masd 

by a mtary encoder. Tbe mpHy encoda fe&imgs wQc corrected for the event-by+vent 

beam ang!e cneasured by the proportional cm. 
u : Measured by the second longitudinal se@em% of lhe pad towers. 

b : Measuredbythe&triptowers. 
Fig.20 : RJILS enur in Lhe position Mazurement by dtrc second longitudinal segnazts of the 

pad mwers: 
a: edirection. 
b: ,+ksrectiolL 

Fig.21 : Incident energy dependence of the position ce%nIutior~ 
a: &dirction 
b: $8-dkcem 

Fig.22 : Isometric plot of the an& wire nxponse. 
Fig.23 : Event by event plots of the smnmed ;inode W&Z signals at four azimuthal ang!es as the 

e%ilmples. 
Fig.24 : Histogam of the anode wire signals for aLl the scanned points in one of the end plugs. 

~hrnayisa~valucofthesignalsfor[QDGeV electronsinjectiat thesame 
spot The data corresponding bo one row of tfn= pads anxnd the periphery of every 
quadrant are excladed Only correction applieA to the dam is for the gas gain using the 
monitxxingtllhedatatakenconcumxdywithdbedata 

Fig.25 I His~0fandataillFii~24 exceptfor rfmzrowsofdatapintsattbe periphesy 

ofeveryq-. 
Fig26 : Avexagaipadrrspoosci ofoaeoffheendp* 

a : Averagedover16padsinadialtow. l’Iekcnizontalaxisistheorderofthexad@ 
nmofpadsill~.72aItogtzhcrofA+$ =TzaflL 

b: Xvemgedover7Zp&iuacircukrowsofpads. ‘Ileboaizontalaxisistheocda 
ofthecircukrowsofpadsin&ius, 16al~erfromi~ertoou~radii 

Fig.27 : Response of pads along radiai lines at four diBxnt @. 
a : Rilw datawittloutgaincomction. 
b : Thesamedafaastheahoveaftertkcgaincom=ction 

Fig.23 : Plot of an independent data set .which was nor nsed as the input data for calcuiating 
the error matrix inversion of Eq.4, comaed :@ the gain correction facto= 

Fig.29 : Fractional energ deposits in the fit ( RO ) ad the second ( R, ) longitudid 

segments of pad tower as a functicu of the incident energy. 
Fig.30 : Scatter plots of the ftactional energy depcsits 5 the fust ( RO ) and the second ( R, ) 

segments at four different energies, 20.40,100, and 200 GeV. 
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Fig.3 1 : Fracrional nuber of sample eveats for the pioa rejectian test as a function of 
parameter < defied by Eq. ( 6 ). For dekition of 5 see text 

Fig.32 : Pion rejection factor for various combinaths of eight measured quantities Set ttxt 
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