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Abstract  

TheStandardModelpredictsmeasurableelectroweake鮎ctsattheTRISTAN  
energyreglOn・Thoughthedirectcontribution丘・OmWeakinteractionisstillvel、y  

small，theinterftrencebetweenelectromagneticandweakin七eractionssu氏ciently  

changestheangulardistributionoff占rmion－PalrPrOductionreactionsuchasquark－  

pair production．The cross section and the charge asymmetry ofb－quark pair  

productionhasbeenmeasuredine＋e－annihilationsa七thecenter－Of－maSSenergleS  

between54．O and64．O GeVuslngtheVENUSdetectoratTRISTAN・Thedata  

sampleusedinthisanalysISCOrreSPOndstoanintegratedluminosityof60・8pb－1  
Theavel・ageCenter－Of－maSSenergyis58．4GeV．Inordertotagtheb－qual・kl）air  

Pl・Oductionevents，muOnSWereidentified・  

The results obtainedinthis thesis are：  

凡 ＝ 0．78土0．14（Stat・）士0・11（sys・）  

ム ＝ －0．50士0・18（Stat・）士0・11（sys・）   

These are consistent with the predictions of the standard electroweak thcol・y，  

na・mely O・58for the R－ratioand－0・59fbrthe charge asymmetry withthea・S－  

slgnmentOftheiso－SPindoubletoftllethirdquarkgeneration・   

ThemostprobablevaluesforthemixlngParameterSOfBO一所oscillationare  
fitted tobe  

Xd ＝ 0．167士0．033  

人・β ＝ 0．41士0・27  

x ＝ ん吊＋、た入β＝0．12土0・03   

whcrc烏＝0．43andfs＝0．13．九d＋0．3九・s＝0．159，nalllelyacol・relationcocffi（二icllt  

ofO．159betwecll大′dand．Ys・Thel・CSults払l・thcparamctcrxsglVCtlleeXl）Cl・il11Clltl；三一11  

c（．）nfil・mationof110n－ZerOBglnix111g．TlleZCl・OBごmixlngCOul（11）CCX（ニ1u（lc〔l、Vitll  

l．5standa・rddeviatiollS・Thcll▲1CaSul・edasymuletl・ylSCOl・rCCtCdbyuslngtlnlCil・l〕（）VC  

l・CSults to bc Ab＝－0．66土0．28wllCrC thc statisticaland systcmaticcL・rOl・S n・l・C  

sullllllCdquadl・atically・Tllisl・CSultisstillcollSistcntwithtllCl）1・C〔licti（）l川ftllC  

Stalldardelectrowcakthcory．  

● ●  
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Chap七erl  

In七roductiom  

Elementaryparticlephysicshasbeenplaylnganimportantroleinthesearch払r  
fundamentalconstituents of matter．Ⅵ屯can now understand the struCture Of  

matteras compositesofaset ofsimplea．ndfundamentalpal、ticles governed by  

払ur types ofinteractions：the electroma・gnetic，StrOng，Weak andgravita七ional  

interactions・The current theoreticalpicture ofphysICS Whichis oftellrefcrred  

toastheStandardModel，SuCCeSSfu11ydescribesinteractionsbetweenelementary  

Particlesinthewiderangeofenergy五・OmlO6evtolOllev・Thestanda・rdtheory  
has，however，nOt becomeacompletetheoryyet．Namely，it hasnot completely  

unifiedal1theinteractionsinna七ureanditcanno七predictthemassesofelemen七ary  

Particles．Thestandardtheoryneedsfurtherexperimentalcon丘rmations・  

1．1 Standard Model   

Gauge symmetryis nowbelievedtol）Cafundamentalguidingprinciple七o dc－  
terminetheた〉rmOfparticleinteractions．Thestrong，WCak andelectroma・grletic  

fbrcesareeml）edde〔linallSU（3）×SU（2）×U（1）gaugcgroup・TllCfun（lamentとl・1  

COnStituentparticlesal・CSuPPOSedtobepoillt－1ikc玩1・1TliollSandthercaretwotypes  

Offermions：1eptonsalldquarks．TllistheorycontainstllCCIcctrowcaktheorya．rl（l  

QCDl［1］，bothofwhich乱reba・SedonthcprincipIcofloca．1ga．ugeinvariallCC．Tl－C  

Clectroweakthcol、yulli鮎stllCelcctrolュ1agllCticall（．lwcakintcl・aCtiollSWllilcQCD  

dcscribcsthestrollgintcra．ction．  

1・1・1 Electroweaktheory  

Matterconsistsofpoint－1ikespilll／2hmions：1eptons，quil．l・ks a．11d tllCirallti－  

Particlesintheelectroweak theory．Lefトhandedfel・mions transfbl・maSdoul〕1cts  

1Qua11tumCllrOl110dyllamics  

1   
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Tablel．1：CularaCtelisticsof］q）tOIIS，qual血andtheminima・1mggs・   

andright－handedonesaresingletsunderSU（2）symmetryonweakisospin；T  
（n，苅，Tu．The7もeigenstatesareexpl・eSSedasfbllows：  

（ニニ）ェ  

，祝月，d尺   （1・1）  quarks：肛＝  1eptons：lL＝  

wheretheindicesLandRdenotehelicitystates，namelyleft－handedandright－  

handed・Z／is aneutrino，l－is achargedlepton，andu anddaretheup－type  

anddown－tyPequarks，reSPeCtively・Thesef占rmionstatesinthemultipletsshare  

tlleSameWeak－hyperchargeYwhichistheelgenValueofthequantumstateof  

theU（1）symme七ry．nandYarerelatedtotheelectricchargeQthroughthe  

equation，Q＝7b＋Y／2．Inadditiontothefermions，SCalarl）OSOllSWhicha・rCCalle（l  

HiggsparticlesareintroducedasacomplexisodoubletinSU（2）Linthemillim；一1  

Sta．ndal・dModel．Thecharacteristicsofleptons，qua・rks a・11（lHiggsl）al・ticleslu’C  

sulnmarizedinTablcl．1illtlleCOllteXtOftlleStanda．rdelectl・OWeak tllCOl・y．   

Spinll）OSOnSWhichcorrcsp（｝ndtothegeneratorsoft・lleSymmetrygrOul）iu－（〕  

calle（lgaugel）OSOllS・Thcintllo（luctiol10fthcHiggsmechallismcausesthcso－Callc（l  

sl）011tanCOuSbl・eak－（lo、VllOftllCOl・igilli－LISU（2）LX U（1）sylll111Ctryiul（ll…一1く（バrpll（：  

gaugcl〕OSOllSan（lfcrllliollSlll；l・SSive．Al】10thcrU（1）sylllmCtl・y、Vitll；1・gCllel●；一・tJ（）1・Q  

ariscsaftcrthcsylnl11etryl）1・Cakillg．Awcllestal〕1isllCdtllCOryCil・11c（lQED2【2】is  

c（）11StnlCtC（lwitlla111aSSIcss脚tlgCl）OSOllWllicllis callc（l；一・1）11（＝〉t（・）11（）1・7・Tlll・CC  

lllとISSivcgaugcl〕OSOllS，Cll…l11・gC（l、VCakl）OSOllSWj＝all（lallCutl・illwcalく1J（）H（）11ZO，  

111C・（liatcthcweakil－tCraCtioll・IlltllCSillll）1cstHiggslneCll～l・11ismtllCl・Cis（）111vollC  

llけutralHiggsl）OSOllHOwlliclll）11ySICallyl・ClllaillSaftcrtllCSl）OlltallCOuSSyln＝1C－  

tl・yl〕1・eaking－Howevcr，thema・SSeSOfthcfbrllliollSandHOal・CIcftasullkll（）Wll  

parameters．Besides，tllerea，rethl・CCilldepcll（lelltPal・amCtCl・SWhicll（letel・111illCtll（ユ  

Stl・CllgtllSOftheelcctltOWeakilltCl・aCtiollS・Theyal・euSuallvcl10SClltOl）etl－C611C  

コQua11LumElectrodylla・r11ics   
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struCtureCOnStantα，WeakmixingangleOwandeitherZOmassMz［3］orFermi  

constant GF．   

Leptonsandquarkshaveseveralspecies．AsfbrthemasselgenStateS，naVOurS  

al・eClassifiedinascendingordel・Ofmassasfollows：  

1eptons：（：）（：三）（ニ）quarks：（：）（：）（；）（1■2）  

ThesegroupswitharepetitivestruCtureareCalledgenerations・Thecorresponding  

pa・rticlein adi鮎rent generationhas the same quantumnumbers・Ingeneral，  

1rla・SSelgenStateS donotalways coincidewithgaugeelgenStateSbecausemasses  

arenotgivenbythegaugeinteractionbutbyadhocYukawaintel・aCtiorlSWith  
theHiggsparticle・Assumlnga・11neutrinostobemassless？a・nyneutrinost雨CCan  

l）eamaSSelgenState・Therefore，Ul，U2andL／3areuSual1yreplaICedl〕、・tl’1Cg肌Ige ヽJ  

weakeigenstatesue）UpanduTalldthedi鮎rentleptongenerationsarecompletelv ■ノ  

decoupled．Ontheotherlland，allqua・rksaremassiveandactuallythel・eisa・Small  

mixlngbetweenthequarkgeneratiollSintheweakinteraction7Whichisrepresented  

l）yaullital・y，Ⅰくobayashi－Maska・Wanlatrix【4】Vasfo1lows：   
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wherethesul）SCriptcdenotestheIくobayashi－Maskawamixedquarkstatesofqua・1・1く  

masseigenstateswhicharegenel・alizcdCabbil）0miⅩ1ng・dc，・5calldbcarethcwenIk  

elgenStatCSCOuPledtou，Call（li，rCSPeCtively・TheIくobaya・Slli－hl（la・Skawamatrix  

car11）edetcrlnilledbythreclて）ta．tiona11angleparalnCtCrSandonel）11alSePamllletCl●  

wlliclla・CCOuntSfbrCPviolatillgl）1・1CrlOl11C11a・ThcwcakelgCnStateSarCeXl）1・CS腔〔l  

乱S王blloⅥ′S：  

1eptollS：（批二）（ニ）   （1・4）  

1．1．2 Quantumchromodynamics  

Qual・ksareSU（3）七1・ipIctsillQCD，tlrlatis，CaCh quarkhasol－COftlll’CC COIor  

cllとl・rgCS・Ofcourse，CaClla・11ti－qual・khasoneoftllree anti－COIorcllal都S・TllC  

eiglltSU（3）gelleratOrSPhysicallycorrespondtolnaSSlessgaugel）OSOllS：glu（L）11S（一1■  

g・Agluonposscssesacoloralldananti－COlorlmediatingthestrongilltel・；lCti（二）11  

1〕etWeenqua．rks．Onaccountofitsnon－Abeliannatul、e，gluonsalsoilltCl・n・CtWitll  

eachotherandthevisiblestrellgthofthestronginteractionincreasesac（‥01てIil1g   
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tothedistance．Thisftatureisresponsibleforthequark－COnfinement・Qual・ks  

andgluonswhichareoftencalledpartonsalwaysco11apseintohadrons・Atshort  
distances，namelyathighmomentumtransfersquaredq2，thecouplingstrength  

becomessosmalltha七aperturbativeapproachcanbemade・  

1．2 HistoryoftheTheoryandExperiments   

Interactionsbetweenfundamentalparticlesaredescribedbygaugetheorieswhere  

interactionsaremedia七edbygaugebosons；thephotonfortheelectromagnetic  
interaction，thegluonforthestronginteraction，Ⅳ土，ZO払rtheweakinteraction  

andgravitonsfbrthegravitational払rce・Theoldestgaugetheoryisthequantum  
electrodynamics（so－CalledQED）andithasanimportantf占atureofrenormaliz－  

al〕ility．QEDisoneoftheAbeliangaugetheoriesandpredictsphenomenaunder  

electromagneticinteractionsveryaccurately・Anon－AbeliangaugetheorywaISPl・e－  

SentedbyC．N・YangandRobertL．Millsin1954．S・L・Glashow，StevenWeinl）urg  

andAbdusSalamaPPliedtheYang－Millsgaugetheorytotheunificationofthe  

electromagneticandweakinteractionsanditiscal1edtheGWStheory［5】・How－  
e、・er，intheorlglanlYang－Millstheory，thegaugebosonsaretreatedasma・SSless・  

ThesophisticatedHiggsmechanismwasintroducedtoglVemaSSeStOthebosons  

throughthevacuumexpectationvalueofaHiggsfieldholdingrenormalizabilitvof tノ  

thetheory．Theunified七heory，Whichiscal1edtheelectroweaktheory，Predicted  

theexi＄tenCeOfaweakneutralcurrentmediatedbyaneutralweakl）OSOn：ZO・  
TlleWeakneutralcurrentwasactual1yobservedinupeanduILPSCatteringin1973・  
Itsexistenceprovidedastrongsupportfbrtheelectroweakthcory・   

Sincebothanelectronandapositrona・rePOint－1ikeparticles，thel）Ca・nlenCrgさ・  

is c鮎ctivelyutilizedin e＋e－collisions and the ensulllgl、CaCtiollS areSill11）1e to  

ul－del・Stalld・Asaconsequcnceofsuchadvantagcsofe＋c－colli（1inge＝pel・il一一Cl－t・S・  

Variouscontributionstopa・rticlephysICShavebeenmadc．Ill1974，0－SericsoftllC  

C7：boundstatcswitlllllaSSeSOfal〕Out3GcV／c2wcrcfirstol）SeL・Veda．tSLACusillg  

thce＋e－collidcrSPEAR［6］alldthec己statccal1cdtheJ－particIcwasdiscovcl・C（l  

～lrtI3NLinprotonnucIcuscollisioll．Thcdiscovcryofc－quarkcoml）1ctc（ltlleSCCOll（l  

geucration・Ill1975，T－lel）tOllWil・Sdiscovel・edalsoatSPEAR・［7］・Thiswi一・StllCfil・St 

01）SCrVatiollOfatllirdgcncratiollPal・ticIc・Thcthirdmcmbcr，thc（lowntyl・）Cq…一・rk  

b，Wa・Sdiscoveredin1977attllCPrOtOll－11uCIcollCOllisionexl）Cl・irncllt［8】atFbrmili一・1）・  

An〔1then，T－Seriesofthe拓1〕OundstatcswithmassesaroundlOGeV／c2wcl・C  

elcarlyresoIvedine＋c－collisionsatDORISstoragerlllg，DESYalldatCESR，  

Cornell【9】・Thecenter－0トmassenergywasincreasedusingthcaccelcratol・S，PEP  

atSLACandPETR・AatDESYupto46．8GeV．Thoughthepl・edictedi－quarl＝、アil・S  

llOt払und，theresultsshowedgoodagreementswiththeStandal・dModel．Illtlle   



ユ．3．5mⅣかARエ）MOヱ）且L TOかAy  5  

electroweaktheory，Sin20wwasdeterminedbythefbrward－backwardasymmetryof  

lepton－Pairproductions［10］，COmbiningtheresultsfrom七heneutrinoexperiments・  

InaQCDrelatedfield，ahardgluonemissionwasclearlyobservedasathree－jet  

eventanditscrosssectionagreedwellwi七htheperturbativecalculationofQCD．   

A numberofexperimentalstudies uslng e＋e－colliding machines，PEP and  

PETRA，WereCarriedouttocheckthevalidityoftheelectroweaktheory・Allthe ヽ  
effbrtsresultedinverifyingthetheoryalthoughonlythetailofZOwasmealSured  

intheirlowenergyreglOn‥30～40GeV・AtlastalltheweakbosonsWiand  
ZOwerediscoveredattheCERN戸i）COlliderin1983．ThustheGWSelectrowea・k  

theoryseemstobestandingol－Stl・Ongbasesofexperimentalresults・However，the  

modelhasmanyunpredictal⊃1c parameterssuchasmasses ofHiggs）quarksand  
lcl）tOnS，thenumberofgeneratiollS，Weakmi＝1ng angles，a・nd soon・Insl）1teOf  

manysuccesses，thismodelisco11Sideredtobeanapproximatetheol、yOftllenl（〕LtC  

comprehensive theol、y．Soitisimportant to check thevalidity oftheStal一〔lard  

ModelinhigherenergyreglOn・Ill1986，justafterPEPandPETRAha（16nishc（l  

theiroperation，TRISTANillJa・Panbeganoperation．TRISTAN hadbecn the  

WOrldhighest enel・gy e＋e－collidcrwithcenterrof－maSS energleS arOund60GeV  

l）CfbreSLCatSLACandLEPa．tCERNcameintotheiropcration．Inthisellergy  

reglOll，theintel、ferenceeff6ctbetweenelectromagneticandweakinteractionsin－  

crcasestothemaximum．SLCandLEPexl）erimentsstartedatthecenter－Of－maSS  

energyaroundtheZOpole（卍91GeV）insummer1989・  

1．3 StandardModelToday  

Tlle StatuS Of the Standa．rd Modclis sulllmal・ized asた）1lows．The clectl・（：）Wealく  

tlle（二）1・yWhichha．s17parametcrs tobcmea・SuredseemsquitcstlCCCSSful・TllCl・Cis  

rlOCVidencewhichcolltradictstll（ナtllCOrytl10ughtllerCal・etWOmisslngmCml）CrS：i－  

（111と11・kandHi鎚Sl〕OSOll∬U・As杭・）1・tlleStltOllgillLel・a・Ction，a・pertt11・l）a・ti、re～l・1）1）1・（・揖Cll  

OfQCD succcssfu11ycxl）1aillSllⅢ11yl）hellOnlC11aat highcllCl・gics・But tllC山（｝11g  

intcl・actiollinlowq2l・eglOllSuClla・StllCjct一弘rlna・tionmecll；l・nislllaユ1d thclll；l・SS－  

Sl）CCtrumOfhadronsllaVCnOt bccncIcal・1yurldcrstood．Morcovel・，tllCrCl・ull；一ill  

S（：）111CPrOblcmswhicllCallll（止1）CCXl）1ainc（ll〕ytllel）1・CSCllttll（：Ol・y．Fbl・CX；1111l）l（l，tllC  

Ol・1glllan（ltllellunlberofgc11Crn・tionscallnOtbcglVCn thcorctica・11y・Thc tllCOl・y  

SCClnStObcfarh・Omtheultilnil．tCtllCOry，ratllCraWe11estal）1isllCdpllCnOmCllOl（I｝gy・   

Inthisthesis，thcStandar（lModelistestedl）ymCaSul・1ngthcfbrwn・r（トb之一・ClいViu・（l  

a・Sさ・1111netryintllellCaVyqual・kpl・O（luctionl）rOCCSS．Itgivesa．vcl・ygOO（lcllCCk（｝ftllC  

lnO（lelbecauseofitsclearness孔11（litssensitivitytotlleelcctrowca．kl）al・alllCtel・S・   
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Chap七er2  

恥rward－Backward Asymme七ry  

TheStandardModelpredictsmeasurableelectroweakeffectsatTRISTANel－Cl・gy  
l・eglOn・Thoughthedil・eCt COntributionfromweakinteractionisstillverysITla11っ  

anintcrferencebetweenelectromagneticandweakinteractiollSSufBcicntlycll；111押  

the angulardistributionoff6rmion－Pairproductionreaction such as（1un・rkl▲）；1、・il・  

pl・Oduction・Inthischapter，theた）rmalismoftheStandardModelisglVel川11dt・llC  

resultsofthetheoreticalcalculationbasedonthelowestordel・Fbvllma11（li；．l，gl・al11S ■l  

arepl・eSented．  

2．1 Quark－Pair Production   

Theprocessofa良rmion－PairproductionismediatedbyavirtuallpllOtOn（γ）nlll（1；1 

Virtualneutralweakboson（ZO）andonlythes－Channelreactionispossiblccxccl）t  

forthcBhabhascattcringlne＋c－annihilationasshowninFig・2・1bec之l・uSぐ〔）ft・ll（：  

1cpto110rbaryonnumbcrconserva．tioll．Theweakneutralcurl、CntisnJllixtuLl（：（）f  

VCCtOrandaxiaトvec七orcurrent・SothcLagra・11glanfbl・thispr（〕CCSSillth（”fIn・nCl～一11・（l  

Clectrowcaktheoryiswl・ittella，Sfollows：  

町竹恒一叩5）りZご   （2・1）  £J7＝壱叩J再／7軋り・4／－＋J  
4cos鋸t′  

Whcrcsu氏＝fdcnotestllCtyPeOfpair－CrCatCdfdrmionsan〔hL／（l（m（：）tCStll＜：Dil・；一・C  

Sl二）11101・・ApandZ岩arcthc丘cl（lsofpllOtO11alldwcakncutl・albosoll，l・CSl）（ユCLiv（】ly．  

Candg aretheelectroma・gnCticandwe乱kcouplingconstants・qJIS tlleel（ニ（：tl・i（： ■   

Cllal・geOfthef6rmioninullitsofc・V／allda／arethcdimcnsiol11cssvcct（▼｝l・；、・11（l  

axiaトvcctor coupling constants・Thcfirst terrnin the Lagrn・11glal・lCOl・1・（即（■）Ll（lH  

to thcelectromagneticinteraction and thesccond tothe wcakintcractio11－ TllC  

COuPlingconstantseandgarerela上edtoeachotherbythcweakmixl11g之一ユ鳩1cOtI′・  

e＝gSinβl′l′  

rT     J  

（2．2）   
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（a）  （b）  

Figure2・1：Lowestordel・顆′nman diagramsLbrftmlionTPairproduction；（a）a・  

Virtua）7eXChangeand（b）avirtua）ZOexchange．   

IntheQED，avirtualphotonmediatestheelectromagneticinteractionbctweel－  

ChargedfermionsasshowninFig．2．1（a）．Thelowestorderdi鮎rentialcrosssection  

Ofaquark－PalrPrOductioniswrittenas：  

血g即 。α2β（3－β2）  
トco㌔β＋（1－β2）sin2β】Q；  （2・3）  

dSZ 
‾‾＝3   

Whereβ＝  1－4m2／s，misthema5SOfthequark，Sisthesquarcofthecentcl・－  

0トmassenergy，αisthe丘nestructureconstante2／47r（記1／137），QJisthcelcctl・ic  

Chargeandeistheanglebetweenthedirectionofanincidel－telectrona・1－dthatof  

anoutgolngnegativc－Chargequarkstate．TllCCl・oSSSCCtionismultiplic（lbyil・fn・Cf・（n・  

tllreeduetothecolorch餌・gedcgrccsoffrccdonlOfthequark・TllCCOntl・iblltioll  

丘oll－tllClligllCrOrdcl・QCDl）rOCCSSCSSuCllaStllCC鮎ctofかo11ClllissiollSSll（・”1l（l  

bc仁akcllintoaccoullt・I11thcTRISTANc11Cl・gyreglOllWhichisarot111（15SG（：V，  

tllCQCDcorl・eCtiollillCreilSeStllCtOtalcrossscctionbyapl）1・oXilllil．tCly5％．All  

CVCllt丘0111aquarkl）ail・pl・0（luctiollOften brl11S a tWO－jct stl・uChlrClVllCl・（：い＼′（）  

Clustcrsofhadronsareqicctcdinol）1）OSitcdircction．HardgluoncmissiollSrCSlllt  

inamulti－jcもevellt・Fhgmcntatio111nCClla11islr10flladrollSWhicllCXl）lai11StlleJ（：t－  

fomlationisnotcoml）1ctclyrcsoIvcdbuttllCrCarCSOrnCPllCnOlnCl10loglCi111110（・l（：lH  

to dcscribc this．   

Thisdi蝕rentialcrossscctiollisavcragcdovcrtllC Sl〕111SOftllCillitiil・1st；l・t（l  

ParticIcsalldsummcdoverthesl）111SOfthc丘nalstateparticlessillCCtllCClech・（）11  

alldl）OSitronbcamswhichal・edcaltwitllillthisthesisarcnotpolarizcd・Tll（：r（正）l・C，   
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thecrosssectionhasnoazimuthalangulardependence・UndertheconditiollJ；～  
58GeV，βisalmostequaltounity．Thedi鮎ren七ialcrosssectionbecomes  

血gββ   

dヱ  
＝（1＋㌔）  （2・4）  

wherez＝COSO．Thisequa七ionshowsthatthelowestorderQEDdi鮎rentialcross  

sectionissymmetricundertheexchangeO‥7T－0・   

Inelectroweakinteractions，aPrOCeSSOfaquark－PalrPrOductionismediated  

alsobyavirtualZOasshowninFig．2．1（b）inaddi七iontoavirtualphoton・The  

di鮎rentialcross sectionhas tobemodified to  

血『‖’ゴ  2β（3－β2）  
【卿β）－2Q∫Xl（呵J（♂）〉  

dn  

＋x2日（1十U2）J（直β2項1十㌦）［1＋co呵  

－8β・U叩りCOSβ）】  

▲r刑＝［1＋cos2β＋＝－β2）sin2β］  

1  占（占－A宛）  

Xl  
16sim2βⅣCOS2β伸′（汁且掲）2＋r左京宛  

1  占2  

X2  
256sin4βlぺ′COS4β－′t′（β－〟呈）2＋r妄且才芸  

whereMzandrzisthemassandthedecaywidthoftheZOboson？reSPeCtivelyっ  
andthesubscriptfreferstothequarkofinterest・TheStanda・rdModclpl・edicts  

thevaluesofv？V／andaJa・Sた）1lows：  

－1＋4sin2β‖／  

2了も／  

27もJ－4q／Sil12β押  

l
岬
り
一
l
一
り
一
 
 

ノ●＝〝eル′い〝丁，町C，ま   

ノ■＝C‾，′£‾，T‾，（g，・5，わ  

＋
 
 
 

ニ
 
 

√
ノ
 
箭
 
 

ニ
 
 

√
J
 
れ
 
 

ThcelcctroweakmixmgangleOll′isglVCllbytllCl・atiooflll；・l・SSeSOfwcakl）OS（二）uS・  

財Il′  

sil12βⅣ＝1－一  
九侵   

Undcl・tlleCOnditionofβ＝1，thecrosssectionbecolneS  

（2．14）  

壷㌘押5  

＝憲項＋ニ2＋言■4′ヱ）   
（．2・15）   

dニ  
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Parameterrr 

1．16637×10‾5  

0．231   

5．0（GeV／c2）  

91．16土0．03（GeV／c2）   

2．5（GeV／c2）  

0．16（GeV）   

GF  

sin2βⅣ  

明
脇
r
Z
 
 

ノl¢Cβ  

Table2．1：PaI、ameteIIS OftheStanda．1てZ＾4bcEel．  

勘＝3［Q卜2吼硝1・Uり＋x2（1巾2購＋α珂  

A′＝3［言αノ伽1－2・泄′）拘］  

RJandA／areCalledR－ratio andfbrwal・d－backwardchargeasymmetry，rCSl〕eC－  

tively．Theycanl〕eCalculated血・Omthedi鮎rentialcrosssectionasた）1lows：  

月′＝  
（2・18）  

dz） （2・19）  

dz   

Withoutweakcontribution，RJbecomesl／3fortheup－tyPequarkand4／3forthc  

down－tyPequark・DeviationsofR／fromthesevaluesandofAffromOindica・tetl－1e  

e鮎ctoftheweakneutralcurrent・Tllee鮎ctismoreappa・rentinA／thallillR／  

Sincetheinterf6ringterminequation2・16issuppressedbecauseofthcsmallllCSSOf  

VeCtOrCOuPlingconstants．TheparametersoftheGWStheoryarelistedinTal〕lc  

2・1alndillFig・2・2－theoreticalpredictionsofRJandA／al・CSllOWllaS；一・fl－11一（：t・i（）11  

0f＼β・ThetheorypredictsthevaluesofRballdAbtOl）Cl・CSl）CCtivclyO．5Siul（1  

－0・59at＼β＝58・4GcV．ThcscvalucsCanbccolnl）a．l・CdwitlltllCCXl）Cl・il山一．11r．；1l  

ObservatiollS払rtcstingthcStalldardModel．  

2．2 Mechanism ofInclusive Muon Production   

Ahcavyquarksuchascarndbcandecay toalighterquark thl・OughtllCWCak  
ChargedcurrentwhichiscallcdtlleSemiーIeptollicdecay・Thetotaldccayl・n・tCOf  

b－quarkcanbescparatedintothescmi－1eptonicpart andha（ll・Onicl）art・WllCll  

thegluonemissionislgllOred，七hesemi－lep七onicdecayratcofb－qual・kisgl、′Cll－Jy  

叩→勅＝慧醐（∈）  （2・20）   
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首  

10－1・   

0  ＿．25  50  75  100  125  150  

ヽ甘（GeV）  

耳  

0  25  50  75  100  125  150  

V訂（GeV）  

FigしIre2・2：刑JeOユ・e臼∽り汀edJc臼oJ－0川／a・J】dAノ・  
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Figure2・3：Diagl・amOfwea・kchal苫edcu汀entdecayofa・hea一γqua止inthe叩eC－  
ねわJ・エnOdeJ．  

whereV；bistheIくobayashi－Maskawa・matrixelementandZ（e）isthephasefactor・  

J（亡）＝1－8亡2＋e6＋e8－24和才e  （2・21）  

Wheree≡mq／mb．ThefactorI（e）isclosetounityfortheb→utranSitionwhile  

itis about O．5for theb一寸CtranSitioninwhich e～0．3．   

NeglectingsplnpOlariza・tionsandal1thedecayproductmasses，thewidthfora  

Weakchargedcurrentdecayofafermionintothreefermionsf→gf’g／iscalculated  
asfblloⅥ㌻S：   

dr′＝棚帰2G（畔  

軸－…′・－拘′）（2・22）  
64（…′）（M′  

Whcrc），／，P9，PJIalldp。Idcl・1OtCfourmomclltaOfthcftrmionsal－df’h之15tllCS；ul’1（：  

7LvalucastllatOffwl・lilcgandg’havcthcflippcd7bvaluc・Thewcakcll～l・rgC（l  

Currentdccayofaheiu；1′軋vourcdlla（ll・Olliswcllil・l）l）1・0Ⅹilllil・tC（lby thcsl一（3Ct；l・t（）1・  

modelasshowl－illFig．2．3．Tllea・CCOlnPanylnglightquaLrkinthchadroll，SO－Ca11c（l  

aspcctatorqual・k，iscollSidcrcdtol）Cirrelevantto（1ccay．   

Thcdccay ratcofthclla｛lrollicl）artissilnPly tlll・CC ti111CS that ofthc sclni－  

1cl）tOllicl）art．TllCfLl．CtOrtllrCCCOlllCSfrolntllCCOIorchal・gCOftllCquark．Coll－  

Si（lcl・illgthcpossiblcIcl）tOnandquarkconlbillations丘omtlleWdcc町，tllC（lccay  

rateratioforthcb→qtranSitionisrough1yestimn・tCdasfbllo、VS：  

（2．23）   e〃e：／川〃‥丁〃丁‥有d‥ぞj＝1：1：1：3：3  
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13  

t隼らl2   1  r叫  
か（占→C／‘‾∇〃）＝  （2・24）  宍：；－  

r≠d＋r。β＋reレe十r勅＋rTレ，l軋らl2＋11ろ♭l2rY9  

Thesimplecharacteristicofb－quarkdecqTgivesabranChingratioofll％fortlle  
muOn．  

2．3 Radiative Correction   

IncomparlngeXperimentalresults withthetheoreticalpredictionsorresultsof  

Otherexperiments，thevaluescorrectedtothelowestorder・areuSuallyused．The  

effectsofthehigherorderinteractiontermshave七obetakenintoaccountinorder  
tocomparetheexperimenta・1measurementswiththetheoreticalexpectations．This  

COrreCtionis called aradiative coITeCtion and cannot be neglectedbecause this  

e仔ectinthetotalcross sectionisexpectedtypICal1ytobeafewtensofpel・CCnt．  

Since themagnitudeofthe correction decl・eaSeSwiththe orderofcouplillg，thc  

c（）ntributionsbeyondtlleSeCOndol・derneedllOt tObeconsidered．Inl）raCtice，1t  

isverydifBculttoincludemorecolnPlicateddiagrams・   

Asthera．diativecorl・eCtionh礼Sanangulardepcndence，thelowestordcl・di鮎r－  

c11tialcross section should bemodified as  

（富）月。＝（  
）  

d伊上。．U。βt  
（2．25）  【1＋毎c（ヱ）］   

dヱ  

、Vhere（dg／dz）RCisthediff6rentialcrosssectionincludingthehigherordcrterms  

a・11dl＋6RC（z）istheradiativecorl・eCtionfactorwithangula・rdependel－Ce・Tlle  

efFectsofthehigherol・dcrtermsa・1・Crna・inlyduetoelectroweakolle－loopall（lrci－1  

1〕1”tOllCmissiontcrms，a・1－dtllOSCOfstillhighcror（lerterlllSal・enCgligil）1e・011C－  

1ool）diagramsincludingvacuuml・）Olarizationsっvertcx corrcctionsa・11（11）OX（li～十  

gl・alllSarCSllOWllinFig・2・4・RcalphotonelTlissiondia・gramSareShowl－illFig・  

2・5・IllCa・1cula・tillgtlleCOl・reCtiollfa・Ct（二）1・，a，11tlleSCCIcctroweakdia・gramSnrCtalくell  

into孔CCOullt．   

TllCIowcstor（lcrcrossscctiollquSll（Jul（11）CCOl・l・CCtC（lilltぐ）tllCOl）SCl・V；一l）l”l・（｝ポS  

sectio110・1gllOl・111g tllC thl・CSllOl（lcftbct〔lue to tllClllとl・SSOftllCBllall－i－1tt・i（・lcI－S  

hJllo＼＼′S：  

α＝（1＋占）J。  （2・2G）  

∂＝∂…肌…＋du。γぬ＋d帥1；5β血  （2・2丁）  

1＼711el・e∂。α。皿”l，∂u。r£。ご孔md∂帥Iiββ；。Tla．代e鮎ctsofv孔Cuu汀1pOla・1・izatioll，VerteXCOト  

l・eCtiollandphotonemission，rCSPeCtively・Theenergyspectrumofthciこ1mr（1日  

l・adiationislimitedinordertoavoidthedivergcnceil－theinfl・a－rCdreglOl一？WllCl・C   
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（a）  

Figtlre2．4：OjJe－Jo叩〔Ji岬てりIJβOf沌eeJec‘1・0－Ⅵ霊1たi雨cユて－tC山0巧〔ヱりv；－・Cut‖－1J）OJ～け－  

iza臼oJ】5，（り－′el・‘eぷCOユ・ユ・CC臼oJ】ぶ飢j（りcJbox（鮎gl制丁】S．   
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Figure2・5‥Photonemlssio11dIagram50fthee］ectI・OlVea・kintel・a・Ction．   

tl－eCOrreCtionisperfbrmedbytheここsoft”partneglectingrealphotonernissio11．The  

Cut－0ffvalueonthescaledenel・gyOfthephotonkmin＝（EJEbeam），ninisnol・ma11y  

SettOO．01．Themaximumenergyofthe“hard”photonshouldbedeterminedby  

themassoftheproducedparticlebuttheupperlimitkm。XisnormallysettoO．99  

fbrlightparticles．Themagnitudesofthesecorrectionstofive一flavourquark－pair  

PrOductionsat、β＝60GeVarecalculatedtobe6vacuum＝0．0845，6ve，ter＝0．0844  

alld6em；s3；。n＝0．OS61．ThesecorrectiollSincreasethe totalcl・OSSSeCtiolll）y25．5  

％．  

2．4 BO一部Mixing  

TllCbottol11mCSO11BO cal1111ak…・tl・allSitiolltOBU，Ol・Viccvcl・Sa，Viitl州X（li；t・－  

gl・iLll－SSllO、Vni11Fig・2・6・Tllis tl・とulSitiollCllarlgCS thcol）SCl・Ⅴ；llblccll；・u・g…Sylll－  

111eLryofb－（lu礼1・lくl）CCauSCtllCb－（luとl・l・lくCll之t・rgCisi（lcllti且c（l；・l・ftcrtlletl・iulパi【．iり11．IIL  

19S7tllCARGUSColhl）Ol・雨i（．）111・Cl”l・tC（lLllChl・StUl）S（ニrVとl．ti（．）11（）f甜l）血11Li‖1D”－Dり  

111ixi11g【11］・TllCllli＝il－gl）il・ralllCtCl・S．＼・i（i＝d，ぷ）fol・tllCSCllli－1el）tO11ic（lccilさ・Cll；11卜  

11ぐ1sarc（lcfi11C（ltosllO、VtllC111ixll唱Cftbctil・gil・111SttllCCllal・gC；l・Sylll111CLl・y（JXl）1iciLly，  

r（β㌢→坪→J‾レ∫）  
（2・28）  Xi＝   

r（即→汁訝ズ）＋r（即→β㌢→トレ∬）   

WllCl・CX（lcl10tCSthc（lccayl）1・0（luctsofBOmcsolla・11（10≦xi≦0．5．TllCl）l・（）（luc－  

tionl・atioofBJ‥BS：Bごisexl）CCte（＝ol）Cal〕Outf．，：．ん：．た＝1：1：0．3之一．一．PEP   
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andPETRAexperiments．Thus，thefbllowlngaVerageabovetheBgthl・eSholdis  

obtained：  

九月dXd＋．た毘ざXβ  
たムxd＋ムx5  

ん軋＋九月d＋ん島  

Xd＋0．3xβ  
（2・29）  

2．3  

whereRu，RdandRsarebranchingratiosand九＋fi＋jt＝1・TheBJmixingmust  

bezerobecauseofchargeconservationinthemixlngdiagrams・Theapproximation  
inthisequationholdsundertheassumptionofequalsemi－1eptonicbranchingl・a・tios  

Ofal1B mesonswhichareimpliedby thespectatormodel，i・e・Ru＝Rd＝Rs・  

Theunknown but expectedly smallcontribution ofb－naVOured baryons canl⊃C  

neglectedwithintheunCertaintiesin the丘actions L，d，S・The measul・ed chal・ge  

asymmetryofb－quarkisl・elated tothetrueol・Borncharge asymmetl・y tllrOl－1gll  

が－評mi衰ng【12］，namelさ一r  

A訂ほ8・…ed＝（1－2Ⅹ・）A孟r址e  
（2．30）  

Atpresent，themixingpa・rameterXdisnleaSuredbytheARGUS［13］a・ndCLEO【14］  

forBS－BSoscillationsat the T（4S）resonance．The combined valuc払1・Xdis  
ol）tained tobe  

Xd＝0・17士0・03  （2．31）  

Xs muSt beO～0・5from the definition．TheMarkIICollaboration suggcsts  

Xs～0・5whichcorrespondstotllefu11Bg－Bgmixing．   



2．ヰ．β0＿万古MXJⅣG  1丁   

‾   ‾  ＝ 丁  

d，S d，S  

Figt11・e2．6‥β拡（JJ∂卯Jココ5允汀β札所皿㍊J唱・・  
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Chapter 3 

ExperimentalAppara七us  

The data discussedin this thesis were collected with thc VENUS detcctor at  

thee＋e－colliderTRISTANfromJuly1987toJuly1990・Theycovercenter－Of－  

mass－energleS血・Om54・O GeVto64GeV・AbriefintroductionoftheTRISTAN  

acceleratorandtheVENUSdetectorisglVenbelow・  

3．1 TRISTAN   

TRISTANl［15】is ahighenergyelectron－POSitroncollidingl）eamfacility at the  

NationalLaboratoryforHighEnergyPhysics（ⅠくEK）inTsukubaScienceCity，  

Japan・SinceitsstartofoperationinNovember1986，ithadprovidede＋e－colli－  

sionswiththeworld，shighestenergyuntilSLCatSLACandLEPatCERNwcre  

completedandcameintooperationatacenterofma・SSCnCrgyintlleneighborhood  
oftheZOpoleinApril1989alldinAugust19S9－reSl）eCtively・   

Fig・3・1illustl・atCS thesChelnaticview oftllCTRISTAN acccIcratol・at tllC  

IくEIくsite．Thercarefourintcl・SeCtionsalldburcol・rcSl）OndillgCXl）Cl・imclltalllalls  

atthemainrlng．Thcyal・enamedcountingclocl⊂、VisefromtllCSOutl一、VCStllallFuji，  

Nikko，Tsukubaall（10llO・TllCVENUSdctcctorislocatc（lattllCnljicxpcrimcntとl・l  

hall．ThcTRISTAN accelel・atOl・COllSists oftllr（ユCl）artS，i．c．alil・1Ca・r aCCCleratol・  

（LINAC），a・11aCCulllula・tio11rillg（AR）andamainri11g（MR）・  

3．1．1Injectors   

Themainelectrolllinear acccIcratorwllicllis390mlol唱1SCa11cdLINAC．TllC  

positrongeneratiollSyStemWhichissctattllCul〕Stl・ealTIC11（loftllemaillLINAC，  

consistsofapl・e－aCCelcrator，aCOnVCl・Sionscctiona・lldapostacccIcrator．Thel）rC－  

accelertorisahighcul・rellt（～10A）clectronLINACof200McV．Theelectron  

1Tra11SPOSableRil－glllterSeCtillgSTbragcAcccIcral－Ol・i＝NiJ叩011  

19   
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Figtll・C3．1：S血ノ町0－1£or仙cTJt∬m凡   
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beamfromtheLINACbombardsatantalumta・rgetandpositronsaregenerated  
through the electron－POSitronpair creationprocess．The conversion sec七ionin－  

Cludes a solenoid magnet system which collects produced positrons．Positrons  

Whichareselectedwithinacertainmomentumacceptanceareacceleratedbythe  

postacceleratorupto250MeVandaretranSferredtothemainLINAC．   

ThemainIJINAC accelerates electrons and positrons up to2．5GeV at the  

peakcurrentsofaboutlOOmAand15mA，reSPeCtively，Withapulsewidthofl・5  

nsandinjectsthemintotheaccumulationrlng・  

3・1・2 Accumulationring  

The accumulationrlngWhichis cal1edARis aboosterwhosecircumf占renceis  
377m．It storeselectronsandpositronswi七hamaximumcurrentof20mA and  

acceleratesthenluP七08．OGeVandinjectsthemintothemainrlng・  

3・1・3 Main ring  

Themain collidingbeamrlngWhichiscalledMRhas a3018mcircumference  

andhasastructureoffburた）1dsymmetry・TherlngCOnSistsoffour194・4mlong  
straightsectionsandquadrantarcsof346・5minaveragecurvatureradius・Alarge  

p。rti。n。fthestraightsecti。nisali。CatedforRFcavities（fRF＝508・58MHz）  

whichacceleratethebeams丘・Omthel涙ectionenergytotherequiredcollisionen－  

ergyandcompensateforahighrateofenergylossbyintensesynchrotronradiation・  
Electronandpositronbeamsoftwobuncheseachatthediagonallocationscircu－  

1ateintheclockwisean（lcounter－Clockwiscdirections，reSpeCtively・Thesebunches  

collideevery5・OFLSWitheachothel、a・tthemidpointsofthestra・ightsections，Where  

thecollidingbeamdetectorsarelocatcd・EachbunchofthccirculatingbeamSin  
theMRapproximatclyha・SaGaussiandistribtltiollWitlla・nCfftctivermswidthof  

approximatelyo・；～2mmintllChorizontaldirection，Cry…50FLminthevertical 蝿   

directi。nand q：～201nrnin tlle bca．m（lil・CCtiollat tlleilltCl・孔Ctionpoints．Thc  

energysprea（lo・EISCXl）1・CSSCdas  

＝0・8GxlO－3×  （3・1）  

whercEbisthebealrlCllCl・gyillGcVall（lpstall（lsfbrthcl）CndingradiusofMR  

inullitsofm．Jβ／動＝1．39×10－3皿（lJβaユnOt11止StO42h舶1J孔tβム＝30GeV・（  
Seereference【15ト）Tllebcamlifctimeistyl）ically4～5110urSduringaphysics  

runandatypICalru111astsfol・1・5～2・0110urS・Refi11ingl）ea・mStakesabout30  

minutes・Thebeamliftstrollglydepen〔lsuponthevacuumpressureinthebeam  
duct，WhichisaboutO．5～1×10‾8Torr．   
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Figure3．2：血t堵Ⅰ・atedluminosityperdaymeasured毎′thelノ甘NUS・   

InthefirstyearoftheTRISTANoperation，theRFacceleratingsysterncon－  

Sisted oflO4nine－Cellcavities ofalternating periodic structure type driven bv ■1  

26klystronsoflMWpowcrat50S．58MHz，alldthecollidillgbeamenergyha・d  

l・CaChedto28・5GeVwitlla－naCCelel・atingvoltageof320MV・1bupgradetllel）eam  

ellCrgyful・thell，aSuPel・cOnductingcavitysystelnWaSillStalle（lina・dditiol－tO  

COllVentionalcavitysystemilltllCSt1111111el・Of1988．ThesystelnCOllSistsof16Lulits  

OfRvc－Cellniobiumcaviticsa・ndalCryOgCnicsystcmtocooltllCCaVitics（lowlltO  

4・2K・ThecavitieswereinstalledintheNikko RFsectioll，all（lanacccIcl・ati11g  

VOltagcwasillCrCaSedtoal）Out440MV・Thisul）gl・adcbrougll＝11ClnaXi111ul111）C；111－  

CllCrgytO32GcV．ThcpcaklumillOSityofl．4×1031clll‾2s‾lwasacllicve（lall（l  

tllCilltCgratedluminositypcr（lay、VaSaPl）rOXilnatCly15011b－1assl10、VllillFig・  

3．2．  

3．2 VENUS Detector   

TllCVENUS2【16］detcctorisagcncralpurposcmagllCticsl）CCtrOlrlCtCl・（l（二Sig””l  

tostudycllargedalldllCutra・11）礼rticIcsl）1・Oduce（lfrol－1C＋c－；1111－illilil・Lioll・＼Vit・ll  

コ＼JEr5批ileNllleI）礼IldUlli、・erSiLiesSl｝eCLroll祀Ler   
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①Muo〔Ch8mb已rS  

②し00d G10SS払u〔Iers  

③Lim汗ed SIreorne（Tube5  

①Super亡Onducli呵血iI  

◎OuIer Drift Tubes  

◎し申d Ar90n伽un†ers  

⑦托cusi〔g Ou8ds  
⑧しuminosity抽ni如  

◎托rword Chombers  

⑲Inner Ch8mb訂  
⑳Cen血IDrifIChomber  
◎Time－0トFlighI払unI∽  
⑬Tr8nSiIio〔Rodi8tio〔Deleclors  

VENUS DETECTOR FOR TRISTAN  

Figure3・3：0一′el・V］e一VOftheVENUSdc亡ectol・・  

tllCCXCCptionofthcllluOndetcctorlocatcdat tlleOutSide－itllaSaCVlill（lLtic；ll ｝  

syl11111Ctl・ya・rOun（lthcbcal11a＝isa・11（litisIocatcdattllCSOutll、VCStCXl）Cl・illlellt；ll  

ll乙IllFujioftlleTR・ISTAN MR．   

Anovcl・VicwoftllC VENUS dctcctol・issllOWniuFig．3・3・TllCCOl11l－OllClltS  

（）ftllCVENUS〔lctcctol・、V（3l・C dcsiguc（lus11唱tllCCIc111CutS、VllOS（】Clli一l・；lCt（】1・istic  

ft鉦h11・CS had bccllWellcstiLl）lishcdilltllCfbrmcr colli（lillg bcnlm CXl）Cril－1CntS n・t  

PEP alldPETRA・MaincITll）llaSCSWCl・Cl）hccdtoll；、VC礼1iu・gCallguliu・CO、・（ll・；tg（：  

k）l・l）OthcllargCdparticIctrackingとl・1一（lcIcctroITlag11Cticcalol・i111Ctl・yWitllgO（｝（llll（ト  

I11（：lltulnandcllCrgyrCSOlutiollS・Illl）iu・ticulaL・一tllCCIcctrolllとt・g11Cticcill（）l・illl（：tC  

、、・cl・C（lcsigncdtocovcl・99．7％of47TSOli（la11glc、Vitl10utn・11ygi、・l）S・   

TllCVENUS detcctol・stal・tCditsopcl・ationillNovc1111）Cl・19SGall（lol）Sel・、・c（l  

thefil・St BhabhaevelltOlltllC19＿thofNovel11bcr19S6．It accul11ulitte〔l（1atafl・Olll   
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e＋e－annihilationsinabroadrangeofthecenterofmassenergleSbetween50and  
64GeVuntilJuly1990．   

ThecoordinatesystemfordataanalysesisbasedontherighトhandedCartesian  
coordinate．The x＿aXisis horizontaland outwardfrom the center ofthe TRIS－  

TANring｝they－aXisisver七icalandupwarddirectionandz－aXisisparalleltothe  

direc七ionoftheelec七ronbeam・TheorlglnisIocatedatthein七eractionpoint；in  

otherwords，atthecenterpointof七hecentraldriftchamber・ThepolarangleOis  

definedastheangle丘omthez－aXisandtheazimuthalangle申1SmeaSuredinthe l●   

1：－yPlanecounter－Clockwisefromtheユ：－aXis．   

Theindividualcomponentsof七heVENUSdetectoruponwhichthealla1ysis  
pl・eSentedinthisthesisreliesprimarily，aredescribedinthefollowlngSeCtiol－S・  

3．2．1 Centraldrift chamber   

ThecentraldriftchamberwhichisfrequentlyabbreviatedtoCDC［19］isacylin－  
dL・icalmultiwire drift chamber andis the main tracking deviceofthe VENUS  

detector．AnendviewoftheCDCinther－4＞PlaneisshowninFig・3・4・TllC  

dimensionis300cmlongwi七11theinnerandouterradiiof25cmand126cm，  

respectively．Since the CDC was neededto be constructedwith thinmaterial，  

carbonfiberreinfbrcedplasic（CFRP）wasadoptedas七hecylindermateriall）e－  

causeofitsmechanicalstrengthandlongradiationandinteractionlengths・The  
thicknesses oftheinnerand outer wal1s arel．5mm and5．O mm，reSPeCtively．  

Thematerialthicknesscs oftheinnerwallandtrackingvolumein the（lirection  

pcrpendiculartothebeamaxisareO．007ⅩoandO．015Ⅹ0，reSl）eCtively・Tl－eCl一（l  

l）1atesal・emadeof2．1mmthicka．1uminium．  

Ithas7104single－11itdriftcellswhosecrosssectionsarc2×2cm2・Ac（31luuit  

COllSistsofolleallOdewirea11（lsixcatl10dewil・eS．Goldplate（ltullgStellWil・｛ゴい、rit111  

tllCdiameterof30Jlmal・euSCdforarllOdeandgoldplatedmolybdcnumwir（ヨSWiLll  

tlle（liameterof140／Llnた）1・ca・thodes．Thcl・earetWentylayersofa・Ⅹialwil・CSl）i一・1・ill11（、1  

tothebcama＝isformcasul・ingthcr－¢coordinatcsandllillela・yCrSOfstcrcowil・（ユゴ  

士bl・mCa・Surlngthe＝一COOrdina・tCSOftl・adこS．Stercowil・eSa・1・CSlantcdlVitllモurl；一・11glc  

（二）f士3．50witlll・CSl・）eCttOtllCl）eaユnn．XIS，SO七hey孔rCSOllletilltlCSl・（血1，1てJ〔ltoilSくsliltllt  

Wircs’・Fbr cha柑Cd tracksin thel）01al・angular range ofIcosOI≦0．75，tll（Jil・  

coordinatesaremcasurcdina1111aycl・s・Thcchambcris且11c（lwithHRSg；l－S3；1・t  

anatmosphericpressureandopera・tCdatahighvoltagcof2．GkV（1urlngtlle（1i、・t；l  

takingpel、iod．   

Signalsfromanodcwires arc amplifiedby charge－SenSitivepl・e－alnpli鮎1・Slo－  

CatCdontheendplateandtransportedviatwistcd－paircal）lcs toposta・1nl）1i鮎l・－  

3Ar：CO2：CH4＝89：lO：1gasl一一ixture   
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discriminatorsintheelectronicshut．Thedrifttimeisdigitizedandmeasul・edl〕Ⅴ ■一／  

uslngtheFASTBUSTDCsystem・Theoutputsofthediscriminatorsarealsoftd  
toafasttrackfindermodule（TFM）onFASTBUS［17］andgenerateafastr－¢  
tracktriggerslgnalwiththelook－uptablemethod・Ⅱackswithinapolarangle  
rangeoflcosOJ≦0・87whosetransversemomentaarelargerthanO・7GeV／ca・re  
detectedwiththedetectione侃ciencyofmorethan99％．   

SincechargedtracksintherangeofJcosOl≦0・75areabletopassthl・Oughall  
theaxialandslantlayers，thetrackingperformanceisevaluatedbyuslngBhabha  

scatteringevents・Themeanspatialresolutionismeasuredtobe270FLmatea・Ch  
axiallayer．ThevertexresolutionsforhighPttracksareglVentObe  

〈 

J血（r－¢）巴460〃m  

q血中）巴6・7mm  

when multiple couloml⊃SCatteringlS neglected・In the salme Way，the angular  

l・eSOlutionsinthepolaralndazimuthallanglesareestima・tedtobe  

〈 

0・9＝9×Sin2βmrad  

J¢＝1・3mrad   

Themeasurement ofthepolarangleismuchless accuratethan that fol・the  
azimuthalangle．Themomentumresolutioninther－¢planeunderthemagnetic  

fieldofO．75Tis estimated to be  

Jpt   

釣  

（1．3％）2＋（0・8％×釣）2  （3■2）  

Withpt measuredin GeV／c．The丘rst tcrmis the colltribution from multil）1c  

COuloml）SCatterillg．Thesecondisductotllefinitespatiallresolutionofthecllam一  

1）Cr・ThereconstruCtionc氏ciency払1・thchigh－PICha・rgCdtl・aCksintl・1Cral鳩COf  

lcosOl≦0．75isbcttertllan99．9％inther－¢planca．nd98．0％intlle5－＝  

1）1こIl－C‘l・  

3・2・2 Barrellead glasscalorimeter  

TllelcadglasscalorilllCtCl・（LG）［20］is allCIcctrol｝lagnCticsllOWCl・Cal（．）1・illl（血l・ill  

tllCbarrclrcg101・1（lc（ticatc（lto tllC（lctcctiollOfcIcctrolrlagneticl）il・rticl（ニSSllCll；一・S  

Clectronsandl）110tOllS・ItisIocatcdoutsidcthesoIcllOidl11agllCt；ul（lcovcl・S tllC  

rangcoflcosOI≦0・8and27Tintheazimutllangle・Itlla・S tllCra（liとl・lr之一・11gCOf  

197－230cmandthcIcllgtllOf615cnl．TheLGconsistsof51601ea（lglassmo（lules  

SCglllentedinto120blocksin¢vicwaln（linto43l）locksillOview．AIcと一l（lgl；l・SS  

4spiralpla11e：thel）1al－eCO11Lail1111gtheLrack   
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blockismadeofNIKONDF65andhasa′radiationlengthofl・69cmandacritical  
energyof12・6MeV・AtyplCalmodulehasacrosssectionof12・0×11・6cm？at  

thefrontfaceandadepthof30cmwhichcorrespondsto18．0Ⅹ0・  

The LGis dividedinto seven sectionsin the z－direction and modules are set  

Paral1elwithineach section as shownin Fig．3．5．Thelead glass modules are  

POintedtotheinteractionreglOntOminimizethemulti～hi七probabilityofparticles・  

Theirlongitudinalaxesare，however，tilted缶・Omtheidealpointinggeometryby  

20to140intheOdirectionandby30inthed・direc七ion．Thissemi－tOWergeOmetry  

pl．eVentSPhotonsfromescaplngthroughgapsbetweenmodules．Aschematicview  

OfaleadglassmoduleisshowninFig・3・6・Athreeinchdia・meterphotomultiplier  

SurL・Ounded by a世metalmagnetic shieldis attached to eachlead glass block  

With aplasticlightguideof5cminlength．Inthecentralpal・t Ofthe LG，thc  

PhotomultipliersareR19116an（latthebothendpartswheretheleakagc鮎l（lis  
20to30Gauss，七heyareR16527．   

ParticleenergleS are meaSuredwith Cerenkovlights which aIre emlnittc（＝）V  

Cllargedparticlesinelectromagneticshowers・Thetotala・mOul－tOfthclightyicl（l  

isproportionaltotheenergydepositinmodules・Therelationl）etWeCnthccl－CLlgy  

（lcpositandthelightyieldwa・SCa・1ibratedbyuslngtheelectronl）Cam．nlrthcl・111（二）rC，  

inol・dertotracethegain月・uCtuationofphotomultipliers，amOnitol・ingsystcm（：）f  

aXenashtubewithanopticalfibel、SyStemisadopted・Lightsareamplific（11）y  

PllOtOmultipliersandsignalsfromthephotomultipliersarcsent to96challllel12，  

bitchargeintegratingADCmodules80nmSTBUS・Theyin七cgrate七hechargcs  
Oftheslgnalsamddigitizetheintegratedcharge．   

Fortheenergytrigger，theLGisdividedinto58segments withsevcu scg－  

1nentSintheOdirectionalldeiglltOrtenSegmelltSinthc¢dil・ecti（〕n．EacllADC  

module corresponding toonescgmellt PrOducesananalogsegmcnt－Sull－Slgl・lal・  

E；一CllSCgment－SumSユgnalissel－ttOadiscriminator・anditsoutputisusc（lfりrLllC  

SegmCnt－Sumtrigger・AIso，al158scgmcnt－SumSlgnalsarcse11ttOal川11と一・1（）銅ulll  

Cil・Cuit toobtainthctotalellCl・gy（lcl）OSitintheLG wlliぐ11is usc（lf（二）1・t・ll（1t．（）t・；ll  

（Jll（汀gさ′－Sumtrigger・   

Thecnergyl・CSOlutionbl・allelcctrolllagneticshowcri＄CSLill・1；一触（ltol川  

7．0％  

て有  

Jβ  
－＝2．5％＋  
属  

（3・3）  

WllCl・CEismeasurcdinGeV．TllCfirsttcl・111aCCOuntS払l・Cl・1て）l・SSuCllaSillStl・ulll（ユ1ト  

til・11■1Oise，Sl10WCl・lea・kagca・n（tintercalibl・ationullCCrtaintics．Thcsecorl（lis（111Ct（）  

5ILsmaillCOl一一POl－ellLsarePl）0（70．9％）a一一dSiO，（27．3％）alldLllCL・CrraCLivei．、LIcxisl．釧5．  

61【a］namatSuPl－OtOllics：l）OXall（lgridtypcpl－OLomultiplicr．  

Tl－ral－1amatSuPl－OtOllics：mCSllLypcphoLomultiplier．  

占LeCroy1885   
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Z－∂ View  

¢ View  

Figure3．5：A汀a・喝eJJje血or亡JjeJe～】・d－gJa5ゴCOtlJlklち・   
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Wh‖e－Pqinfed  

Figure3・6：Asscm的′Ofa・］ead一名］asscounteI・mOdule．   

thestatistica用uctuationofthenumberofphoto－electrons・Theangularresolu－  

tiol－isalsoestimatedbycomparlngthemeasuredshower－CenterpOSitionwiththe  
CDCtrackextrapolatedtothesurfhlCeOftheLGmoduleforlargea・ngleBhal〕ha  
SCatteringevents．Itisobtainedtobe  

Jβ＝4，Omra．d  

α¢＝5．21111・a〔l  

3・2・3 End－Capliquidargoncalorimeter  

TllCClld－Ca・1）1i（luidargollCalorill－CtCr（LA）【21】isasalnl）1illgC；1．1ol・illlCtCrforlll一川．－  

Sul・111gCllel・glCSOfcIcctl・Omag11CticparticIcswllicllCll・lCl甘：intllぐ丘）l・、Vとl・l・（ll・（：gl＝1l・  

TllCCllCrglCS乙LrC111CaSul・Cdbyco11cctingcllal・gCSfl・ouliolliml・tioILill（luc（Jdl）yHIL（州・（：l・  

l）articles・Twoliquidargoncalorimetel・Sal・einstallc（lbctwcc11tllCCDC；l．11（11）OLll  

ell（トcapsoftllCrCturllyOkealldcovcrallangulとtrl・al鳩COfO．79≦JcosO）≦（）．99  

nssllOWllillFig・3・7・TllCrCisllOCnCl・gylcakagcgal）t）Ct、VC（JlltllCCll（l－C叩…、・ll（1  

1）il′rrCIcとuOl・illlCtel・S・Eacl11i（luidiu・gOl－Calol・illlCtCl・COllSistsof48Otowcl・111（）（llllcs  

、、・11iclllookatthcpoil止towar（lSOcml）CyOndthcintcractiol11）Ointontll｛三一）Cn…  

とl・＝is・EaclltOWel・nlOduleconsistsof70calciuln－1ca（ll）1atcsofl．51nlninLhiclこ11CSS  

COrreSpOn（lillgtO20・3Xo・Thcwl101ecalorimctersarcsoakcdirlliqui（largoll雨8G   
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Ⅰく．   

Eachsideofthecalorimeterhas1920signalreadoutchannelsandleadplatesof  

eachtowerareelectricallysegmentedintofourgroups．SignalsareampliAedbypl、e－  

ampli丘ersplacedontheoutervesselofthecalorimeterandtrasmittedtoshaper－  
a．mpli丘ers．PulseheightsaremeasuredbysamPle－holdADC，sinTKO［18】boxes・  

Eachcal0rimeterisdividedintotwelvesectors．Theanglebetweentwoa4iacent  

sectorsis30OintherM¢plane．Eachsectorisfurtherdividedintotheinnerand  

outerpartsubsectors，Whidlhave七heangularrangesofO・91≦tcosOl≦0・99and  

O．79引cosOI≦0．91，reSpeCtively・Theenergy－SumSignalsareprovidedbyanalog  

sumcircuitsandtwokindsofenergy－Sumtriggersareobtained・Theenergy－Sum  
slgnals血・Omthe48subsectorsillbothsidesareusedforthesector－Sumtrigger・  

TlletOtalsumslgnalofallthc1920channelsforeachsideoftheLAisusedfor  

thetotalsumtrigger．   

TheenergyresolutionoftlleLAisestimatedbyuslngradiativeBhalbhascat－  

tel・111geVentS，tObe  

＝1・6％＋  （3．4）  

where Eis measul・edin GeV．There are someintrinsic uncertainties as f（二）1・the  

LG．Thefirst term accounts払r tlle errOrS SuCh asinstrumentalnoises，SllOWel・  

1cakage andintcrcalibrationuncertainties．The secondis due tothe statistical  

fluctuationsoftheenergy depositionintheliquid argonwhichisknown a・S the  
Landau且uctuations and the tracklengthofthe electromagnetic shower・The  
llOrmalizationfactorfortheencrgycalibrationisglVenbymeasurlngenergleSOf  

Bllal）haevents・Theangularl・eSOlutionisalsoestimatedbyuslngthesamemetl10（l  

as tllat uSedfortheLG．Itis obtai11ed to be  

J〝＝2．9土0．6mra．d  

J小＝慧㌍mra・d  

、、Tll（、1℃errOrSal・e〔luctol・eSults（）fnttillg．  

3．2．4 Barrelmuon dctcctor   

TllemuOndctectorsystcmcovcl・StllClargcoutcrl・nostareaoftheVENUS（lct（血（）1・  

to（lctectpclletratillg ParticIcs・It collSistsoffoul・1aycrc（1arrilyS Ofalul・11illiulll  

ll10（lules・EacllrnOdulecollSistsof七wolaycrsof払urccllsstaggcl・Cdl）yallalfccll  

n・SSllOWninFig．3．8，Each ccllllaS aCrOSS SeCtionof5×7cln2with thewilll  

tllicklleSSOf2・5mlllinavcl・agC・Thclengthofamoduleis760cm・AsellSCWire  

isstretchedatthecenterofcacllCC11withatensionof400gw・ThesellSCWirc  
hns七hediameterOf70FLnla▼11dlna．deofgold－Platedtungstenwitl13％1・hclliul1－l．   
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Figure3・7：肋〔J鋸1（Jsi〔Je－壷－V50川JeJjqLli（Jヱーユ苫OJ】C‘－・Jol血e血・・  
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anode wire（70Llm中）  

Figure3・8：Eight－Cel］dlifttubemoduleofthemuondetectcl・・  

Modulesarefi11cdwithP－10ga・S9a・ndtocacllSCnSeWil・Callighvolta・gCOf2・71くV  

isal）Plicd．Thedrift tubcsofthemuon detcctorarcopcl・atC（li11aPl・Ol）01・tio11；、・1  

1110dc．Thl・Celaycrsofmodulesi11tCrlcavcdwith20cln tllickil・Onfiltcl・SlllC；1・Sul・（：  

tllC7・－¢I）OSitions．The outermostlaycrofmodulcsislocatcdjust outsi（lc of  

tllCthir（llaycrwithoutiron批crs．ItlllCaSul・CStllC＝－l）OSitiollS．Thcl）al・relmll（）11  

（1cい㍑と∝11aSallallgul乱rrallgCOりcosβl≦0・695・   

Sigllalsh・0111al10dewircsa・re n・111l）1i£cdanddigitizcdl）Vfl・O11t－ClldcIcctl・（－）11i（二S  

IJOardswhicharemountc（latolleCll〔loflllOdulcs．TllCdigitiz（；d（littaiu・C鮒11L t  

l11Cn10ryboardsonTI（OboxcsilltllCCIcctl・011icslluttllrOugllL、、TOtyl）CSOr；l・（l（ll・（：tu  

gcllCl・atOrboards：MaillAddrcssGclュCl・atOl・alldModulcA（l（ll・CSSGcllCL・iltく）l・．   

Thepcrfbrma11CCOftllCl－1uOll（lrifttubcmodules、VaStCStC（lbvusl11gCOSlllic                                                                                                                                                                                   ■／  

9山‥Clll＝90：10ga51－－i血ure   
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rays．Theresultsofthebenchtest whichwascarriedoutbeforeinstallationhave  

been repol・ted［22］．Aftel・theinstallation，a COSmic ray test was perfbrmed by  

uslngtheFBmuondetectorlO・Adetaileddescriptionofthistestcanbefoun〔lill  
Reference［23】・  

3・2・5 0七her detec七orcomponen七s   

Illller drift chamber  

Theinnerdrift chamber（IC）is acylindricalmultiwiredrift chamber［叫・Tlle  

lengthis160cmandtheinnerandouterradiiarelOcmand25cm，reSPeCtivcly．  

Inorder tominimizemultiplecoulomb scatteringandphoton conversionillthe  

Chamber，thechamberwallsaremadeofpaperhoneycombcylinders．Thema・teria・1  

tllicknessofthischamberarnountstoO．03Ⅹ。inthedirectionofO＝900．TheIC  

hassixlalyerSOfanodewires andcathodeplanes．Thecaもhodeplancsc（：）Vel・the  

pola・ranglefrom16．3O to163．70a・11deachplaneisdividedinto128pards，11alnClv  

16divisionsintheO－directionaユ1（18divisionsinthe¢－direction．Thecatho（lepads  

とl・l・Clocatedinatowergeometryl）（〕intingtothcinteractionreglOll．Siglla・1sfl・（）111  

tlleCathodepads aLrePrOCeSSedl）yShaperamplifiers andsellt tOdiscl・imillat，（二）1・S．  

Hitinformationofthecathodepadsisf包dintofasttrack－findingprocessol・SWllicl1  

1ookforchargedtrackscomingfiomtheillteraCtionpointillther－4＞Planeall（l  
SCl・VCStheinfbrmation払rtheevcllttriggcr・  

TilneOfflight cou11ter   

TllCtimeofflight counter（TOF）［25］islocatedontheinncl・Wallsurfarcc（二）ftllC  

Sul）CrCOnductingmaglletandcovcl・Sana・ngula・rr孔ngeOfIcosO）≦0．81Switlltll（ニ  

illller r孔dius of164cm・It collSists of96plastic scinti11n・tOl・SlVllOSC（li111（ニ11＄i（｝11  

is4・2×10・7×466crn3・Thcl・C arC3mm gapsl〕CtWCCl”．djacellt SCillti11at（‥）1・S  

；ul（lthcycauscanincfBcicllCyOfal）Out3％．TllCTOFisusc（lhl・tl・iggぐl・illg；l・rl（l  

i（lclltificatiollOfdctcctcdlm・ticIcsl）ya・CCuratelymcasul・111gtllCil・fligllttilllCS・E；一・（：ll  

ぐ11〔lofascilltillatol・isvicwedbyal）110tOmultil）1icl・tubclltlll・Ol鳩1川rl；・1・Cl・yli（ニ1ight  

gui（lcof145cmilllcllgth・TllCOl）taillC（lti111CrCSOlutiol－W；・l・S2OOl）ShrBll油11；、 

all（lFL－Pair cvcnts・The＝－COOrdinateofachargedl）al・ticIc was〔1ctel・mil－C（11）、′；1 

tilllC di鮎1・enCCmCtho（lwith aresolutiol10f5cm．  

l叩ol・、、▼ar〔トback、VardlnuOndetector．IntllistlleSIS，itllaSl10Lbeellu＄ed．  

11Jla川aIll血凱1Pl10tOllics H1949＿01   
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Segment sum 58  

TotalSum  

FonYard Sum  

BackwaJd Sum  

Se9me州Sum  48  

HighThreshold F・8  

Figure3・9：B）ockdiaBTamOfthetIigger］oglC・  

Luminosity monitor  

Theluminositymonitor（LM）【26】1neaSureStheluminositybydetectingverysmall  

allgleBhabhascatteringevents・Itconsistsof271ayersofleadshcetsandscin－  
tillatorsandthetotalthickness amounts to20Ⅹ。．The LM covers anangular  

l・allgeOfO．98S≦JcoseJ≦0．997．TheLMmoduleateachcndoftheVENUS  

detcctorisdividedintoeightpieccsintller－¢plal－e・Fbrtriggeringthesmnll  

angleBhabhascatterlngCVentS，1a・rgeenergydepositsinl）Otl－Si（leswithl）aClくtO  

l）aCkconfigurationwcrcrcqulrCd■Theenergyresolution、VaSC、・aluate（ltol）C  

Jβ  37％  
（3・5）  

三‾、．‘三・Gel一幸   

3・3 EventTrigger  

TllCTRISTANacccIcmtol・llaSl）CC1101）CratC（lwitl川tWO－1）ullClllll（．）（lいVh・）n：Cl・（｝SS－  

111gilltCrValis5［LS・Atriggcl・SyStC111isrcqull・Cdtocolltl・oIs（＝1cctivcl・CCOr（lillg（）r  

diLtaWitllfastsigl－als・TllCVENUStrlggCrSyStCllliscollll）OSC（loft、VOIcvcIs：i一・  

fil・St－lcvcltriggcris（1eslgllCdto、VOrkbctwccllbc之l・111CrOSSl11gSiul（lと一・SCCO11（1－1c、′CI  

Ll・lggel・isal・血11el・Sl州rSO狛、㌻a・1・etrig針1・・   

ThcBrst－lcvcltl・iggcrcarricsouttllCtl・iggcrdccisio11、VitllillC、・Cl・y5／LS；ul（l（l；血  

i11・eはkelll）y al10鉦1ille COlllptltel・＼JAXll／78001・a6SIく20－FPIlllicl・01）1・＝uJSS…・  

1nOduleollFASTBUS．AIso thc61・St－1eveltl・iggel・has twotyl）CSOftriggcl・S；（．一Il（ご   
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isa．neutraltriggerwhichisbasedonahighenergydepositinelec七roma・gnetic  
calorimeters，andtheo七herisacharged－traCktriggerwhichisbasedontheslgnals  

fl・OmtheICandCDC・niggerslgnalsareprocessedbythetriggerdecisionmodule  
（TDM）．ThediagramofthetriggerlogicisshowninFig・3・9・TheTDMha・S  
amemorylook－uPtableandgeneratesaFASTBUSservicereques七（SR）signal  
tomaskthesubsequentclearslgnalsifthe七riggerconditionissatisficd・Tl・igger  

dicisionismadewithinacollisionintervalof5〃S・Thefirst－leveltl・iggerconditi（二）11S  

a－1・e aSた）1lows：  

・Neutraltrigger  

エG抽αJβu，れ 且≧5GeV  

エA柚αJ釣m 且≧6GeV  

エAβe。加β≠γ，1月≧2．5GeV  

・Chargedtracktrigger  

coplanar  （2chargedtracks）×（2TOFhits）×（IChits）  

LGse。menlsum（E≧0・7GcV）×（2chargedtracks）   

・LMtrigger   

luminosity   （EF≧10GeV）×（EB≧10GeV）  

・Randomtrigger  

random（clock）   0・1Hz   

；Tracks－seellirltheabovclistare払undbythefasttrack一且11dcroftllCCDCalld  

lnuSt havc a tl・allSVel・SelnOmClltulllgreatCr thanO・7GcV／c・Fol・tll（ヱCOl－1nll；111  

tliggerconditioll，tlleaCOl）1a11al・ityanglebetweclltWOtr之一・CksllluStl〕Cless tllZu1  

100．The乱COpl孔11乱rityatllgleis〔le且ne（l孔Sthesul）plenlelltn・1・ya・11glcilltl－1e7・－¢  

plallebetwcellthctwotra・Cksalldcxl）l・CSSCdas‥  

）   

（3・G）  

→－■ ‾ブ）りtp‘2  

β叩＝（‥OS－1  

l露1‖露2t  

、VllCl・C昂Ialldzn？al・CthelllOITIClltul11VCCtOrSPrOjcctc（lolltOtllCl・－¢pl；一・11（〕・Tll（ユ  

il・CCCl）tallCCOfthccoplanartriggcl・、VaSCXtCndcdtoO。C。P≦GOOillN（‥）Ⅴ℃1111）（：1・19SS・   

ThccoplallartriggercdcvclltSinthcfirst－1cveltl・iggcl・COu（litiollCOl血il…l；一・l・g（：  

iullOllntOfba・Ckgroul一（lswllicllalllOtulttOal）Outahalfofalltll（ユCVClltS・Tll（〕S（ニC（）11（ト  

1cvcltriggerisasoft、Val・etl・iggcl・WitllG8Ⅰ（20－FPIwhicl－1）1・（）（こCSSCSilln）l・1Ⅲ一Iti（）11（）f  

tllCTFMall（lTOF．Itl・C（lll（・CStll（111ur111）CrOfcol）1allartrlgg（：L・C（lcvclltS L（）；一・1）（）ut  

50％l）yuSingsevel・el・tl・aCk且Il（liugconditiorlStllalltlln・tilltllCムl・St－1cv（Il・   

TllCtOtaltl・1ggerl・atCistyl）1Cally5HztllOugl1itstlて）11gly（lcl）ellds（）uLll（｝1川；ull  

ぐ011（litioll．   
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Trigge（  TOF（me（Chcmbq Cen，rotD（ir10u（e｛Drn しumincsj，y LeodGIcss S（reome｛Tube uqu（dA，90n JIChcmber  

トl00。，  ‖92鋸（芸諾：h等㌫己）諾箭㌫，（，芸㌫，‘豊芸，で㌶慧；（了蕊ごて農芸h）F呈㌫芸：㌘r（呈7詰ま。去；芝山）  

Figure3．10：1／ENUSda亡aacquisitionsystcm・  

3・4I）ataAcquisitionSystem  

TlleVENUSdataacquisitionsystcm［27】dealswithmol・ethan30，000cha・1111CIsof  

rca（loutclectronicsandhasatrcc－1ikestruCtul・e aSShowllinFig．3．10．Sigllとl・1s  

丘omthetendctector componentsarcprocessedat thcfront－endelectrollicsof  
CAMAC，FASTBUSiuldTI（0．A11digitizc（l（htaと一・1・Ctl・allSkl・rc（ltoFASTI〕US  

lllClnOrylJuffbrsalldcollcctcdwllCll（汀CrallCVCllt triggel・OCCul・S・TllC C（）11cctc（l  

（lit・taarCSellttOtllCO11－1illCCOlnl）山crsystcnl，tllCVAXll／7SO－VAXS53（）clll血l・，  

tllrOugllthcmSTBUS一VAXilltCl・fitCC・TllCOll－1illCCOllll）ut（】rCUll血）1s t・ll（：（l；t・r・；l  

n・CquisitionandmakesquickanalyscsforlnOnitol・illgtllC（latastatus・A tyl）1C；11  

til11CfbrdataacquisitiollWaS28111SpCl・CVCllt a．11（l（lcとl．（ltilllC WaSlO％．D；血  

COllcctcdolltllCO11－1illCCOlnptltCral・CSCllttOtllCnli－illfrn1111CCOlnl）tltCl・FACOM  

M7SOwllicllrCPlacedM382ill・Mal・Cl119S8viaol）ticalfi1）CrSall（lstol・C（lilltllC  

autolnaticloadillgCartri（lgctal）Clil）rary・Atyl）1Cal（latasizcwas5kI3．   



Chap七er4  

Mul七ihadronic FinalStates  

ThetriggereddatasamPlecontainsalargeamOuntOfbackgroundevents・Fbr  
CXamPle，theyarebeaJnbeam－PIPeinteractions，beamresidual－gaSinteractions  

a・ndcosmicrays・Inordertoreducethedatasizeandselectmulti－hadronicevents，  

thcfollowi1鳩eVentreCOnStl▼uCtionpl・OCeSSandselectioncl・iteriaarerequil・ed・  

4．1 Event Reconstruction   

Theeven七reconstruCtionconsistsoftwosteps・Atfirst，therawdataareconverted  

totllCPhysICalquantitiesthroughcalibrationroutines．Fbrexample，TDCdata  

OftheCDC areconvertedtodriftleng七hsandADCdataofthecalorimetersto  
CllCrgleS deposited．Secondly，analysis routinesprocess the calibrated data and  

Pl－OVidcsevel・alsetsofparticleinformationsuchasmomentaandtl、aJeCtOriesin  

thcCDC，energydepositsandpositionsintheLG，alndsooll．  

4．1．1 C工）C track reconstruction   

TllCtrajcctol・icsofcllとu・gC（11）al・LiclesillthcCDCarcl・CCOllStruCtCdl）yal）1・（．）gl・n・111  

11と一l－1CdPERPR［28〕・TllCl・cCOnStruCtiollPrOCC（lureiscal・1・icdoutil11）Otlltller－¢  

i・－・11（lT・－ヱ1）1孔neSa・S士1JlloⅥ′S．  

Reco11StruCtio11intller－¢pla11e  

SillCCthclnagllCticficl〔lofO．75Tisapplicdalollgthe＝－aXis，tlletl・礼jcct（・）1・y（）fa  

Cllal・gedparticleisasl）1ralinthctllrCedimellSiollalspacc・WllCllPl・Ojectc（lorltO  

tllCI・－¢plane，tlletrajcctory払1lowsa・Cil・Cleandthctl・allSVCl・SernOll‘1elltulnPtis  

glVぐnbさ′  

釣（Gelりc）＝0．3×月（T）×〝（m）  

37  

（4・1）   
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whereBisamagneticLeldstrengthandpISaradiusofthecircle・Thetl・aCk  
reconstructioninther－4＞Planeisbasedonthehitinfbrmationofaxial1ayel．SOf  

theCDC．ThereconstructionalgorithmofthePERPRisglVenaSfollows‥   

1．PERPRsearches theinitial’road，in七he outmost七wo axial1ayers ofthe  
CDC・Afterfindingsuccessivehitsintheselayers？the‘road，ofatrackis  
defined．Thenfourcombinationsofatrackarepossiblebecauseoftheleft－  
rightambiguityintheくroad’・   

2．Fhrthersear血ismadeforthecandidatehitsalongthe（road，andthetrack   
isextendedwiththehelpofaxialwirepositions・Byuslngamethodofthe   
leastx2fit，themostlikelytra・Ckisdeterminedbyeliminatingba・dqualitv ■ノ  

hits・Inthisstep，theleft－rightambigui七yofthattrackissoIved・Ifthevaluc  

ofreducedx2exceedsfive，thetrackisabandoned・   

3・Thepl・OgralndeterminespllySicalquantitiesassociatedwithmeasuredtl・a・ClくS  

suchascharges7PtandRmi7いTheRministhedistancebet、Veentheint・Cl・－  

actionpointandtheclosestpointofthetracktotheinteractionpoillt・If  
theinteractionpointisinsidethetrackcircle，theslgnOfRminlSaSSlgrle（lt・O  

positiveandotherwisenegativc・ThedefinitionofRm；nisshowninFig・4・1   

Reconstructioninthe71－＝Plane  

Tbdeterminetheparticletrajectoryinthezdirection，hitinbrmationofslant  

la・yerSinassocia七ionwiththe axiallayerhitsisused・The＝COOrdinate ofthe  

tralCkisglVenby  
J  cl 

2  ta．nα  
（4・2）  

whcredisthedista11CebetwcentheaxialtrackwhichisrecollStl・uCtedintllCl・－¢  

1）1allCandtheslantwirehit．αistlleSlanta・ngle（3・50）andlistheslalltIWil－C  

Icllgthprojectedontothebea．maxis．Thetrackfindillg algol・ithmilltller－  

pl；1・neissilllila．ご亡otha．tilltlle7－－¢1）1alle．TlleニCOOl・dinn・teぐ礼111）eeXl）1・CSSC（■11）さ一  

a・1incarfbl・mWitha・uSCfulp；1・1・alnetCrZ”Lin払rful・thel・analvscsっ  

dニ  

＝＝汗Z… ■こ■  ■■  （4．3）  

wllCreZministlle＝COOrdinateoftllCPOintwhicllglVeSRm；Tlall〔lsistllCIcllgtll  

OftllearCelcmentintheγ－¢plallC．Tlledcfi11itionofZ”Li，Lissl10、Vllil．1Fig・4・1・  

4・1・2 LGclustering  

AsllOWerenergylSSharedl）ySeVerallleighbourlngleadglassl〕1ocks・Suchshal・111g  

Ofcnergypermitsthemea・SuremelltOftheshowerf：CnterPOSitionwithaprecision   
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Figure4・1：DeSnitionoftl・aCkparametcl・S・   

betterthanthegranularityoftheblocks・Inordertodeterminetheshowerenergy  

anditsincidentposition，theclusteringofelectromagneticslgnalsintheLGis  

Performedasfollows‥   

1．Startingfromthemodule、Vhichcontainstllehighestenergy，theneighl）Oul一一   

1ngmOdulesaree＝aminedwhetllel・theybelongtotlleSameClusterol・1－0し・  

Thus，the‘conl－eCtCdreglOll，isformedbysearchinga・11ncigl11）Ourll－gmO（lulcs  

adjacentillβalld¢directiol－S・  

2・TllCSl10、、′Cl・CllergylSdetcl・mi11C（1l）ySullll11111gul）tllCCllCl・gydcl）OSits、、rllicll   

l）ClongtotlleSamCClustcl・・  

3・Theincidc11tpOSitionoftllCCIcctromagncticpal・ticIcisdcfil－Cdl）ytllCCllCl・gy－   

、、′eightcdmeallPOSitionofthcIcadglassmodulcs，lln・1nely  

∑J（且）nユ‥i  

（4・4）  ユ：亡JllJ！亡「＝  

∑i（βりか   

where x；is the ccntra18an（l¢positiollS Of thci－tlll）lockilltlle ClllSL（こl・  

alldthcweiglltillgCXpOllCnt Ct・isoptilnizc（ltobcO・341）y tllCMoutcC；u・lo  

progra∫nEGS4【29】．   
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4．1．3 LA clustering  

Thecluster－findingalgorithmfortheLAissimilartothatfortheLG・Thelat－  
eralspreadE（x）ofanelectromagneticshowerisdescribedapproximatelybythe  
払1lowlngeXPOnen七ialform：  

一早  
坤）＝晶e  （4■5）  

wherexis七helateraldistance血・Omtheshowercenterand人repl・eSentStheshower  

extension・TheparameterÅistakenasafunctionofthelateralenergyandthel廿  

fbre，itisglVenby  

Å ＝ 由）  （4・6）  

（4・7）  

封＝1n喜（孟）  

wllereEirePreSentS tlleenergy depositin tllei－thtower・The function g（y）is  

parametrizedbyuslngtheEGS4・   

ThepolarangleOoftheshowercenterisobtainedbv  

由）＝（α。＋α1y2）×（1土β△β）  （4．8）  

wllel・eβ△8correspondstothedetectorinclination against theinteractionl）Oint  

andβ＝0．45．Intheal）0Veequation，theplussigncorrespondstotheLAl）1a・Ce（l  

inthepositivecosOsideoftheVENUSdetector，WhiletheminusslgnCOrreSPOnds  

tothatinthenegativeside．Firstly，theenergydepositsperrlngareintegrated  

over the¢direction．Secondly，the showcr energyis caユculated by using ollly  

the modules adja・Cent tO the tower which colltaillS the maxil11um Cnergy・This  

l）1・OCCdureisapplied払1・tlle払urlongitudi11a111ayel・Sa・ndtlleaVel・a・geSllOW（ヨ1・CC11t・Cl・  

is ca．1cula鳥ed．   

Tllea・ZilmltllalangleofthcsllOWCl・C・entCl・iscalculalte（lillと1・WtlySilnilal・t・（＝11再 

f（）l・tllePOla▼1・allgle，butillthiscil▼SCtl－1Cl・Cisl10dctcctorillClillaLi（．）11・TllCl・（：f（）l・（∴it 

isgぃで11by  

〝（〃）＝（上。＋α1y2  （4．9）   

TrbfindthcsllO＼VerCClltCr，0111ytllClllOdulcsa・djacclltt（）tllC tOWCr、Vllicll（二（）1卜  

tnillStherllaXilllumCllCl・gyinthcqら（lil・CCtiollal・Cl・C（luircd・  

4．2 Data Reduction   

FbrnllefRcientanalvsis，reductiollOfl）aCkgl・Oundcvcntsatancil・rlvstagcisllCC－  

CSSary・Twostcl）SOftlledatal・eductional・Cl）erforl・nedfbl・tllePreSelltan；l・1vsis．At  

thcfirs七s七age，’Processl’isapplic（ltoal1thccollecteddatatodiscardasl11nlly  

CVClltSaSpOSSiblcwithoutlosingilltCrCStingcvcnts．   
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4．2．1 ProcessI   

ProcessIwhichis abbreviated to PROC－1is ageneralpurpose event61terof  

thetriggerdevents．Itisintendedfortheselectionofeventsftome＋e‾collisions  

and thereduction ofbackgrounds such as beam beam－PIPe eVentS・ProcessI  

COnSistsoftwosteps・ThefirststepISPreSelectionwithouteventreconstruction  
andthesecondstepISgenuineselectionafterreconstructionoftheCDCandthe  

calorimeters．   

Atfirst，eVentSaCCePtedbytheLMtriggerandtherandomtriggerarerqjected・  

Thepreselectionrejectstheeventswhichdonothaveanytracksorlglnatingh・Om  
theilltel・aCtiollPOintinspiteofthefact tha七they are acceptedbythe chal・ged  

tl・aCk trigger．The vertex positions ofany charged tracks al・e eXaminedin the  

rM＝PlanebyuslngtheinforrnationofhitsofcathodepadsoftheIC・Moretllan  
払urlayerhitsoutofsixlayersofassociatedtowersarerequlred払reachchal・ged  

track払undbythetrackfinderoftheCDC．TrackswhicharellOtCOnneCtedt（二）hit  

towers，OrWhoseverticesareawayhlOmtheinteractionpointarediscardedasfal｛e  

tracks・Fbrthecoplanartrigger，alPairofback－tO－backtratksarerequlred・For  

thcLGsegmentsumtriggcr，a・tleasttwotracksarerequired・About50％oftlle  

cventsacceptedbyonlythechargedtracktriggerarerejectedbythispreselection・  

Alltheeventsacceptedbytheneutraltriggerarenote＝aminedinthispreselection  

Stage・   

Next，therecons七ruCtionoftheCDCtracksandtheLGandLAcalorimeters  

a・1・eCa．rriedout．Theeventsaresenttothene＝tStageifatleastoncofthefollc＞Wlng  

rcquirementsaresatisfied．   

1・Tbtalshowerellel・gydcpositcdinthcLGislargerthan3・OGeVfol・thccvcnts  

accICPtedl）ytheLG totaltriggcr・  

2・Tota・1showcl・CnCl・gydepositc（＝11thcLAislargertha113・OGcVfortllCC、・clltS  

acccl）tCdbythcLAtotaltl・iggcl・・   

3．Totalshowcl・Cnergydepositc（lillthcLAislalrgCrtllal11・5GcVfol・tllCCVClltS  

acccptcdl）VtllCLAscctorsullltriggcl・・   

4．Atlcasttwo‘longtra・Cks，al・CdctectedintheCDCbl・tlleCVCntSaCCCl）ted  

bythccoplanartrlggCr・  

Tlle‘longtra・Ck，mustsatisfytllCfollowlllgCOn（litiollS‥  

．Thctrackisrec。nStruCtCdillbothtller－¢and7・－＝Pla・nCS、、，itlllll（，re  

tha．1111illeaXialwircllitsandnlOrCthantllreeStCrCOWil・Cllits・  

・凧tJ71t＜7cmla・ndlZ”1‘，1l＜30cm・   
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o ThetransversemomentumislargerthanO・2GeV／c・   

5・AtleastonelongtrackisdetectedintheCDCandthetotalenergysumof   
theLGislargerthanO・5GeVfbrtheevent acceptedbytheLGsegment   
Sumtrigger・   

ThedatareductionratioofProcesslisabou七35％．  

42  

4．2．2 Process2   

Process2whichisal）breviatedtoPROC－2isasinglepurposeeventfilter・Thl、ee  

ki11dsofProcess2programsarepreparedfortheeventfiltersofmulti－hadronlC，  

QED andlowmultiplicityevents．Thepurposeofthefirst progl・amistoma・ke  

samplesoftheeventswithmanyenergeticchargedparticles andcertainenel・gy  
dcpositsinthecalorimeters・Theseeventsarecal1edthemulti－hadroniceventsdue  

toquarkpairproduction・Thesecondprogramisfbrtheselectiol－OfevelltSWith  
highenergydepositsinthecal0rimeters・TheseeventsincludeBhabhasca・ttel・ing  

or77eVentS．Thethirdprogramselectseventswithlowcha・rged－tra・Ckmultiplicity  

duetoFLPOrTTprOduction．   

Inthepresentanalvsisthedatasamplesofthemulti－hadroniceventsareused■  
Process2，however，eXeCuteS aPreSelection and an exact multi－hadronic event  

sclection wi11be carried out at thenext stage．Datasummary tapes after the  

selectionbytheMulti－hadronicProcess2containabout15000even七s at center－  

0トmassenergleSbetween54and64GeV・TheselectioncriteriainProcess2al・e  
a．s払1lows：  

1・To七alshowerenergydcpositintheLGandLA，Eca［，isla・1・gCrthal15GcV・   

EcaLisdefinedasasumofthcsllOWerenCrgydcpositsintllCLGan（ltheouLcr   

PartSOftheLAonbotllSidcs・Thcoutcl・PartSa・1・Ctlle7－thtolO－tl11・111gS   

Wllichcorl－cSPOll（ltotllCa11gularrangOfIcosOE＜0・89・EllCl．gy（lcl）（）Sits  

in theinrlerl）artS OftllCLAarc excludcdin Ec（．．L駄：）rlack oftllC tl・往Cki11g   

CaPabilitvillthisreglOn・ ■1   

2・TllCnulnbcrof’goodtracks’isa・tleastfive．   

A’goodtrack，satisfiestlle払IlowlngrCqurCmClltS：  

・The tl・aCkisrccollStruCtCdwitllatleastcigllthitsoftllCn．Xi；一．11ny（n・S  

and払urofthestel・COlaycrsoftllCCDC．   

・ThetransversemomentumislargcrthallO．2GcV／c．   

・1月miml＜2cm   
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・lZm定職1＜20cm  

・lcos列＜0・85  

Theenergy－deposit cutrejectsbackgrounds丘・OmtWO PhotonprocessesaIn〔l  

cosmicrays・Thecutbythenumberofgood七racksexcludesBhabhascattering  
ande＋e－→TTeVentS．Process2rejectsmorethan90％ofthetotaleventswhich  

survivedin Processl．  

4．2．3 Multi－hadronic event selection  

Theselectioncriteriafbrmulti－hadroniceventsproducedviasinglephoton／ZOan－  

11ihilationareoptimizedinordertominimizebackgroundcontami1－atiorl・Multi－  

11adroniceventsarechal・aCterizedbylargevisibleenergleSa－11dsl11allmisslllgl－1（卜  

mentaalongthebeamdirection．   

Event selection criteriaare a．s払uows：  

・Tbtalenergydepositinthecalorimeter（Ec。L）isla・rger tha・n5GeV，Wll（n・（：  

Eca［isthesumofthedepositenergyilltheLGandLAwitllilllcく二）Sβl＜（）．89・  

Thercasonwhythecnergydepositintheinnerpart ofthe LAisexclu〔lc（l   
is attril）uted to thepoor tra・Ckinge侃cicncyofthe CDCin thisl・C糾）11とIS  

describedintheprevioussection．Inaddition，this criterionisc鮎ctircf（：）1、  

thesuppressionofthetriggerbias．Fig．4．2showsthedistributionofE朗Jat  

Center－Of－maSSenergleSOfal〕Out58GeV．   

・Atleast且vegoodtracks（∧㌔。。｛l）areobscrvedinCDC．Agoodtl・ackis（leB11C（l   

intheprevioussubsection．   

・Tbtalvisibleencrgy（E。is）isgrcaterthanthebealTle11Crgy．E。i＄is（1（：fill（ミ（l  

asthesumofmomcntaofgoodtl・aCksandclustel・erlCl・gl即illtllCl川1・1・（Jl；111（l  

en（lcal）Calorimctcrs．   

・TllCal）SOlutcvとl・1ueoftllCVisil〕1t、lo11gitu（lillalmomcl1Lull11…hll（ニ（コ（1）I”J／EL，；J   

is slnallcl・than O・4as sllOWllillFig・4・3・Hcl、ell，h，LLl・Cl）1・CSClllニS旺（＝l111川f・   

1nOmClltaOfallgoo（ltracksn11（lellCl・glCSOfcalol・illl（ItCl・Clust（汀…1（）1咽t・ll（、  

1〕ealn dil・CCtioll．  

●DividingeachcvelltintotwollCmlSpllCrCSWithl・CSPCCttOtl1Cl）1；一・11（！l一（＾tl・l）（、l卜   

（1ict11al・tOtlleと111・tlS申0】肥is、tlleillVa・1・iとl山111aSSOftllCl）m止icl（ユSil川ir．ll（汀   

11emisphel・Cisgl・eatCrthn・113GcV／c2・ThcthruSt（T）；l．11〔l旺。tlll・u由∴n．XiH   

（露）wllicllal・euSedtodivi（letllCCVCntal・Cdc丘11C（las：  

∑l上玉・可  
r＝ma．X   （4．1（））   

∑抑  
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Figure4・2：Dis£1］butlonofthetota］ene瑠γd甲OSitofca］oI血eters・   

InthiscalculationofT，itisassu．medthatgoodtracksarethoseofpions  

andthatenergyclustersarethoseofphotons．霹isanarbitraryunitvector  

WhichisdeterminedtomaximizethevalueofTand威isthemomentumOf  
thei－thgoodtrackorthcencrgyofthei－thcluster．  

Thesc selection criteria arc tlle VENUS sta．ndardfor multi－hadronic evcnts．  

Fhrtherll10rC，allad〔litionalcl・itcl・iollisuse（l払rtllCeVelltSllalPeandjetclustering  

analysiswhichrc（lulrCSthatlnOStOfthcfi11alparticlesarcdctcctcdinthcfiducial  

volulTICOfthc CDC．  

・TllCl）01al・allglcoftllCtlll・ustaXisO7・iswithinlcosOTI＜0．7・  

TllCrCSultsoftllClllulti－11批IrouiccvclltSCIcctio11SatCi、・CllC11Cl・gy arcSumma－  

rizcdinTable4・1・TllCilltCgl・雨c（11umil10SityandtlleWCiglltCd－mCanCCntCr－Of－  

1naSSCnCrgyarCl・CSl）CCtively  

／ェdま＝GO・G土0・1（s軋）土1・G（sys・）  

＜、β＞ ＝ 5S．4GeV   
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、斤（GeV）  Process2 Rqiected EcaL・∧㌔。。d Evis PtaL 叫et cos8T  

152  0  151 126   

290  0  284  223   

960  0  937  752   

145  0  142 103   

729  219  496  386   

120 117  78  

213  212  160  

717  708  519  

99  96  69  

367  362  265  

13  12  9   

4042 4009  2891   

139 139  101   

120 116  83  

10  10  8   

448  443  315   

598  592  421   

615  603  428   

185 179   121   

233  229   159  

18   

5767   

191   

179  

20   

654   

869   

93LJ: 

278   

359   

0  18  13   

14  5631 4284  

0  186 146  

0  173 130  

0  20   10   

21  622  468  

0  851 639   

9  898  654   

0  266 192   

23  330  245  

11545  ：≧SG  llOO5 8371 7亡）19 7827  5G27  

nLble4・1：エis亡of’el′e山5最㌫ぎeユ■e（Ja・ユユd飢汀Ⅴルe（Jム℃J｝ユe‘－・CJ】SeJcc山0ユユ山名・c・   
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Chapter 5 

Mom七e Carlo Simu．1ation  

Data analyses were perfbrmed by comparlng meaSured da・ta With expect・a・tiol－S  

fromtheoreticalmodels・Aneventgeneratorsimulatesparticleproductionsbased  
On themodels・Output data are fbur momentuminfbrmation of thc pro（luce（l  

Pal・ticles．Since some oftheill払rmation areinevitablvlostilll・eCOnStl・uCtioll，a  

Simt11atiollOfthedetectorperた）1・1nanCelnuStbeincludedillOrdel・tOCOmPa・rCdata  

WithMontcCal・lol・eSultsdirectly．IllOrdertosimulatetheresponseoftheVENUS  

detectorandtocalculatethedetectionefBciency，therearetwosimulatol・l）1・Ogl・amS  

CalledVMONTandVITMINl．Fol・aCOmPleteanalysis，thefu11detectorsilTlulati（二日I  

PrOgramVMONTisusedwhichsimulates theparticlebehalviorsinthcVENUS  

detcctorandproducesthedetectol・reSPOnSeS．AstheVMONTgives七hedetector  

responsesinthesameformatastherealdata，WhichiscalledtheVDS〔32】format，  

tracksandclustersinMonteCarloeventscanl）ereCOnStruCtedinthesarncwayas  

thel・ealda七a・Fbraquickanalysis，thefas七simulationprogramVITMINisusc（l，  

Whiclldirectlyproducesexpcctedtra・CksandclustersforglVenParticlessilTll〕lyl）y  

SmCa・rlngtheirfburmomcntafroll・1thceventgenerator・Fig・5・1showsthc且（二）W  

Chartofananalysisuslnga・MolltぐCarlosimulatiollPrOgmm・  

5．1 Event Generation   

SillCe110CalculationallllCtllO（ls（：Xist払l・SOftl）L、（・）C（：SSCSSuClli一・Sfl・illgl11（I11t；止i（）11Si11  

QCD，SOlnephcnonlellOlogicallnOdelsllaVCtOIJCimposc〔tilltllCSin・1ul之1．ti（）11．Tll（3  

LUNI〕MonteCal・loprogramisafil・il・1yclassicalalld、VCllcstablisllC（ll・）r（二）gl・；ull［31］．  

Thcprogrampackagcた）rjctn・il・gmCntationan（1c＋c－physics11anlC（lJETSETis  

apopularevclltgCnel・atOl・Ofmulti－ha（11・011iccvclltSate十c－collidillgCXl）（：l・illml血．  

Eightquarksof払ul・generationsarcorlglnallysupportcd．Hcl・C，tllCJETSETv（汀－  

Sio11G・3progralnisadoptedina・MollteCarlosimulationoflla〔lronicjctl）11Cll（＿n・11（Jllil，  

1＼／ENUSIllSも孔11tnaCerbyMINa・l11i  

47   
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Tbeoreticalmodel  Experiment  

Evenlgenera血n  

Detec（OrSimu  

Ⅵ吠ONT  

Figure5．1：PYowchartOftheana・＆sIspl・OCedtzl・e．  

OnaCCOuntOfitsgoodagreementwithrealdata．   

Theproductionofaquark andits anti－qual・kis calculatedaccording to the  

electroweaktheorywithradiativeandQCDcorrections．Theradiativecol・1・eCtion  

isperformedaccordingtotheschemebyFujimotoetal【33］．TheQCDcorrection  

isusual1yperformedbythepartonshowermodel（PS）withleadinglogarithmic  
approximation・Inthisscheme，aPartOnShowerdevelopsbysuccessiveprocesscsof  

q→qg，す→軸，g→ggandg→qqaSShowlユillFig．5・2．Theprobabiliもyforthese  

rcactionsareproportionaltoαsWllichisdetermincdbyQCDscaユeparametcr＾．  

Sincctheperturbativetrea，tmentl）eCOmeSimpossibleinlowq21・CglOn，thecut－0仔  

paramctcrQofortheinva・riantlnaSSisimposcdincmissionprocesses．TllCp；u・t（｝ll  

Sl10Wel・developsuntilthevirtualmassofallypartOnbecomeslightel・thallQo．   

BcsidcsthcpartollSholVCl・mOdel，allalterllativccorrectiolll）yatrCC－1c＼－cIci・l．lct卜  

Iatiol10ftlleQCDmatrixclelllClltS（ME）uptoα…－Ordcrispossiblc．IllCalcula．tillg  

tllClllatrixelernc11tS，aCuトOff1）i．一・1・n1111CtCl・y，．LL，．Wllicllis tllClllinill，lLullSCi一・lc（lil卜  

Val・ialltl・11aSSbctwcc11t、VOPil・l・tOILSisilltl・Oducc（l・TllCSCdiagl・とl・1－1Sとu・（∋Sll（｝Wllill  

Fig・5・3・Thelnaindi鮎1・Cl－CCbcいVCelltllCMEalldPSschell－CSa・1）1）Cal・SintllC  

fractionofmultiJctevclltSbccausctllCMEcal1110trCl）rOduccmol・Ctllallk）ul・jcts  

il11）rillCiple．  

●  ApalrOfqual・kanda11ti－qu；1rkgcncratedillanCIcctronposih・01一礼1111illil；1・ti（〉ll  

arctl・ansfbrmedintolladrollStllrOugllh・agmentationproccsscsof（lual・ks・IntllC  

CllCl・gyrangeofTRISTAN，thcavcl・i一・gCha（1ronmonlentulnalongthcorlg】1－alqui一・1・k  

directionislarge compared witllits transversemomelltunlWhichislilllitcd to   
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Figure5・2：Pel・tul・ba抗′eQCDcoITeCtion毎apartonshowermode］・  

＞＜   

Figt11・e5・3：m・CC－Jc化J（）C工）此l・g川Jl】SLlpね5eCOJユ（Joユ・（Jel・OfαJ．   
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be about O．5GeV．Hence，hadl・OnS aPPearin the払rm of two je七s collimated  

aroundthequark axes■ Occasionally，Whenaquarkradiates ahardgluonwith  

alal－ge angle，hadrons appearin the女）rm Ofthreejets．This gluon radiation  

CanPreSumablybedescribedbyper七urva七iveQCD．Non－AbeliannatureofQCD  

disablesaperturbativeapproachinlowq2reglOn，Wherepartons鈷・agmelltinto  

hadrons・PhenomenologlCalmodels are usedin丘agmentation processes・The  
String血・agmentationmodelisbasedonthedynamics ofastrlng．Between the  

PartOnSinacolor－Sigletsystem，aOne－dimentionalstringlSPlaced，．Whel・eaquark  

islocated at theendpoint and agluonislocatedat theintermediatepoint to  

be akink as shownin Fig．5．4．The relative momentum betweenthe pa・rtOnS  

detel・minesthetension・Thetensionbreaksthestringwithgeneratingane、Vpair  

Ofquarkandanti－quarkatthebreakingpoin七・Theorlglnalpartonbringsoneof  
thepalrandformsameson・Thescaledlongitudinalmomentumoftheha．dron＝  

Withrespect七othedirectionofthepartonisglVenbyah、agmentationfunction・  

TheLUNDsymme七ricfunctionhastwoparametersaandb．  

exp（一撃）   
（5・1）  

（1一之）α  

′（z）＝  

m2＋pデisthetransversemassoftheproducedhadron．Thetra．ns－  1＼rhere7？ュ£＝   

VerSemOmentumOfthehadronpEisproducedindependentlybyaGaussiandis－  

tributionwithastandarddeviationqq・ThebreakingofthestringlSrepeatedas  
farasthestringhasenoughenergytogenerateapalrOfquarkandanti－（lllal・k・  
Ba・ryOnSCanbealsoproducedbyreplacingaqq－Pairbya（qq）（帝）－pail・．   

Therearesomeparameterstodetcrminetheeff6ctsofQCDandn、agmelltati（〕1l．  

Sincetheyarecorrelatedeachothcl・，theyshouldbetreateda・SaParameterSet・As  

ShowllinTable5・1っtheseparametcrsweretunedbyeachcxpcl、imentalgroup，1n  

ardditiontotheorlglnaldefaul七va・lues・Inthisthesis，thepalralneterSetpreSente〔l  

l）ytllCTASSO Collal）Orationisadopted・Thcuncertainticsil－thcscpal・amCtCrS  

aretakenintoaccountassys七cmaticerrors．  

5．2 Ftl11Detector Simulator VMONT   

TllCprOgramVMONTacccptslllOmCntumVCCtOrSOffina11）nIrticIcsinahyl）OtllCt－  

icalcvcn七whichisgencratedbyallCVentgCneratOranditpl・Oduccsevcllt（lata  
Wllicllhave the same fbl・mat as tllat Ofthe calil）ratedl・Cal（lata．Tlle VMONT  

Sul）1）01・tSal1thecolnpOnelltSOftllCVENUSdetector．   

Decaysof7r土，I；士，1；呈a■ndFL土al・ei11CludedintlleVMONT．Thel）OSiti（）11SOf  

thc（lecayvcrticesal、CCalculatedevc11払1・pal・ticleswithshortli鮎timessucll～lS＾一室、  

AandDmesonsaswe11asoneswithlonglifttimes・Thetimeoffliglltisil・1s（二）  
ca．1ct11ated．   
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0．5  0．5  0．62  ノl¢Cβ（GeV）  

Qo（GeV）  

ymiれ   

α  

りGeV‾2）  

Jq（GeV）  

0．4  0．4  0．26   

1．0  1．0  1．0  

0．5  0．45  0．18   

0．9  0，90  0．34   

0．35  0．33  0．39  

0．02  0．015  0．02   

1．0  0．9  0．58   

0．7  0．70  0．41   

0．4  0．33  0．40  

Table5．1：PaJ・a．metel、－SetSjbr theJETSETveIちion6．3．  

Multiplecoulombscattering，energyloss，nuClearinteractionsandelectroma・g－  

neticcascadeshowersinthe detector aresimulatedontheactualgeometry a・nd  
materialscodedintheprogram・Electromagneticshowersinthecalorimetersorユg－  

inatingfromelectronsand／orphotonsaresimulatedbyEGS4・Thecalorimetcr  
responsesare obtainedby uslng theinformationfrom the EGS4・ThenucIcar  
absorptionandresponsesofthecalorimetersた）rhadronsandmuonsarea・1socal－  

cula，tedonthe basis of七he beam test data．   

Thechamberresponsesaresimulatedbytherelationbetwecnthedrift time  

andthedrift distance．Theresolutionofeachchamberisalso takeninto a，CCOunt．  

Thcsimulationofdetectorresponsesisoptimizedbystudyingactualresponscsof  

ea．ch chaml〕er．  

Inaddition，theVMONTcallillCOrl）Ora・teSil11ulations〔｝fthchar（lwal、etl・唱gCr  

S）JStemS．  

5．3 Fhst Simulator VITMIN  

SillCC thc progra111VMONTis rcquircd to simulatc thc clltircl・CSr）011SCS（）fLllC  

VENUSdetcctorinthcshortcstI）OSSiblctiⅡ1eillterVal，thcirltCl・aCtiollSOfl’）articIcs  

witllthcVENUSde七ectorand／orotllCrrCaCtionssuchas（lccayill鎚glltal℃tl・；一′CC（l  

insllOrtStCPS，butmanyMolltCCarlocalculationsarcnccdcd．TllCrCfol・C，alol‘1g  

Calculationtimeisneeded払r tllCVMONT．Fbl・CXalnPle，illOl・（lcrtosilrllllate；一・  

1）rOCCSSOfe＋e‾→hadro71Sat、β＝58GeV，ittakesafcwsccoll（1pcrcvelltl）y  

FACOMM780／30・Inaddition，aSinlilaramountoftimeisllCe（ledtorecol－Stl・uCt  

dlall・gedtracksintheCDC．Thcl・C払rc，itisdi伍culttopul・Suearlanalysismetl10〔1  

1ikcpa・rametertunlngWllena・1argcllumberofeventshavctobegclleratC（l・   
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In七heprogramVIIMIN，theinteractionsand／orotherreactionsofparticlesare  

calculatedinlongstepsanddoneanalyticallyasquickaspossible・TheVITMIN  
Simulatesonly three detector componen七s；i・e・the CDC，LG and LA・Decays  

of7r土，K土，K呈andp土andpositionsofdecayverticesforparticleswithshorter  

lifetimes arealso takeninto account．  

Simulationofthe CDC part  

Inthispart，Onlychargedstableparticlesaretreated・Themomentumofapal・－  

ticleissmearedaccordingto thefiniteresolutionofthe CDC glVeninE（l・3・2・  

Thcnsomeparticlesarerejectedasafunctionofopenlngangles払rcloselyemittcd  
pa・1・ticleswithsimi1armomenta．．Hencethee伍ciencyofthetrackreconstructi（：〉n  

PrOgramOftheVMONT canbeestimated．TrackreconstruCtionisnotincorpo－  

ratcdinthisprogram．  

SimulationoftheLG andLAparts  

Calculationsaredoneforal1stal）1eparticlesexceptforneutrinos・Energydeposits  

byclectromagneticshowers are calculatedintermsofthe Gaussia・ndis七l・il）utioll  

WiththeirresolutiongiveninEqs．3．3and3．4．Otherinteractionsarecalculate（l  

bvthesameroutinesasintheVMONT．AfterthesecalculatiollS，energy（lel）OSits  

SpaCCdverycloselyaremergedinonecluster．   

Tlle VITMINis a f占w han（lred times faster than the VMONTin CPU timc  

all（1calculatedvaluesareingooda・gl・eementWiththoscbytheVMONTregarding  
Cel・tainshapevarial）1essucha・SthruSt，SPhericityandacopla11ality．   
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Chap七er6  

MuonIdenti員cation  

Theperformanceofparticleidentificationcanbeevaluatedl）ythedetectione掛  
ciencyofaparticleofinterestandbymisidentificationprobabilitiesofunwanted  

particles・Themisidentificationprobabilitvofhadronsshouldbe）Ofcourse）Smal1・ ■／  

Identificationofamuoninasimplefinalstateisstraightforward・However）When  
amuonisproducedtogetherwithotherstablebackgroundparticlesinamulti－  
hadronicfinalstate，SOmedi侃cultiesarise．DetectionofthemuoniscalTie（loutby  

themuondetectorsystcmlocatedattheoutermostpa・rtOfthcVENUSdetector・  

6．1 Identi負cation Procedure   

Muonscanbecharacterizedbythenatureofhighpenetra・bilitythroughmattcrs・  
Multiplecoulombscattel・ing，enCrgylossandmagneticbendingcomplicatemuon  

traJeCtOricsinthemuolldetector．There払re，thematchl）etWeellaneXtl・al）Olatcd  

CDCtrackan〔la．localtl・a・CkwhicllisrcconstruCtedh：01nhitl）Ointsin tllCmuOll  

detectorbecomesimportantinthelnuOlltl・a・Ckreconstructioll．  

6．1．1 CDC track extrapolation  

Thetrackc＝traPOlatiollPrOCedurcisappliedonlytogoodtr；nlCks（le£11Cdi11Chap－  

ter4・（Sccl）agC42・）Thcl）i甘1・CllnuOll（lctcctorsystemcov（ユ1・S all；一・nguln・rl・と1・11gC  

OflcosOl≦0．75．Tr；l・Cks＼VllOSCl）01arallglcsil・l・Ci11tllisl・il・11g＝・l・c ti止clliuton．（：－  

COunt・EachCDCtl・とICkofilltCl・cStiscxtral）01n・tC（ltotllCll－11（・）11（lcLcctol・il－StCr）SOf  

tcnradiationlcngtllSWhilccxpectc〔ll〕Cll（1illglntllCmi－EnCticficl（1illtllCSOIcll（－）i（l  

an（lthel・etul・nyOkc，dE／dこl：lossesall（ll－1ultil）1ccouloml）SC；一・tt（ヨ1・il鳩とl・1・ctakcllil汗（）  

accoullt．Illthcsecxtral）01a・tiolll）l・OCCSSCS，traCksaretl・（ユatC（ltoL）Cl11uOllS．   

Theprimarycontril）utiolltOtheextra・POlatiollerrOl・C（〕1nCSfl・0111multil）1ecoul（〕111l）  

SCatteringintlleLG（～1S．OXo），thcrctul・11yOke（…17・OXo）andtlleilて）nAltcl・S  

（～11・4∬0／1ayer）・  

55   
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momentum（GeV／c）  

2．0 4．0 8．0 16．0  

1－Stlayer  

2－Stlaver  

3－Stlayer  

4－Stlaさrer  

5－Stlaさrer  

6－Stl孔Ver t′  

7－Stlaさrer  

8－Stlaさrer  

9．4 4．4 2．2 1．1   

9．7 4．5 2．2 1．2   

11．8 5．5 2．6 1．4   

12．2 5．6 2．7 1．4   

13．9 6．7 3．2 1．6   

14．4 6．8 3．3 1．7   

17．1 7．8 4．1 2．7   

17．6 7．9 4．1 2．7  

Thble6・1：TYPica］閥Jueofextrapolalteddevia・tion（cm）duetomuhip］ecoulomb  

SCa・毛細ユ血g．  

Thermsscatteringangle90CanbewrittenintheGaussianapproximation［34］  
5tS 

β0＝誅信（  

エ  

1＋吉log云忘  ）  

（6・1）  

Where eoisinradians，Pis the momentumin MeV／candβis thevelocityin  

unitsofcoftheincidentpa・rticle．L／LRisthethicknessinradiationlengtl10fthe  

SCatteringmedium・ThermspositiondeviationproJeCtedinonedimensiollaftcr  
PaSSingthroughmaterialoftlliclmcss壬oallddriftspaceofdo【35】isgivcnl）y  

誓＋fodo＋d呂  （6・2）   Jo＝β0  

IlltheVENUSdetector，aparticletraversessevcraldctectorelements．The  

SCattCring e鮎cts ofea・Chclemcllt arCin（lependent and tlle COlltril⊃tltiollCalll）C  

addcdinquadrature・InaglVenlaycroftllemuOndrifttubcs，thcmean－S（1ual・C（1  

POSitionalerrorq喜一。SISeXprCSSe（la・Sthcquadraticsumofcachpositiolln．l（lcvin，tioll．  

TlletyPicalpositionalcrrorsfbrllluOllSOf2，4，8alld16GcV／（ニ；一・relistc（li11T；一，1）1（I  

6．1．   

ThercstofthecxtrapolationcITOl・isduetothedeviationoftllCCDCtl、aCkillg  

alldthespa七ia・ll・CSOlutionofthclllt10ndetectol・・AccordillgtOtllCMontcCiu・lo  

Silllulation，thespatialdcviatiollOfthcCDCextrapolatiollintllC7・－¢1）1allCqc：［）C  

isa・1）0ut4ml11．Thespatiall・CSOlutionof七hel11uOnde仁ectol・qmuiscstililil．Lc（ll）V  

COSmicraytest【36】tol）el・3mnl・Thetotalex七rapolationel・1・01・qeriscxl）l・CSS（J〔l  

as払1loⅥ7S：   
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Thble6．2：TypicalvalueoftheweightatthelocaltrackreconβtI・uCtionql。（cm）・  

J£＝J£。β＋J昌即＋J£u  （6・3）  

6・1・2 Localtracking  

Acertainwindowhastobeseta・1onganextrapolatedtra・Ck topickup asetof  
COrl、eCthitpointsinthemuondetector．Positiondeviationsbetweenanextrapo－  

1a・tedtrackandobservedhitpointsa・reglVenbyqeE・Thewindowistakenwith  

thevalueof土3cTeごarOundthecxtrapolated track．Thenuml〕CrOflayerswhich  

containhitpoin七softhemuontubesshouldbeatleastfouroutofsix・Thetl・a・Ck  

fitiscarriedoutbyselectingonchitforeachhitlayerwithallleft－righta・mbiguity  

conll〕inationsandthcreduccdx2ofcachlocaltrackiscalculated・Wherlthcrcare  

Nhitpointsusedた）rtheLt，thenulTlberofdegreesoffreedomuisglVenbyN－2  

an（lthcreducedx三isol）tとl．illC（11〕y  

光三＝手・  （6・4）  

whcl・C△riisthcdeviationoftllCrrlCaSurCddriftdistanceofthci－も11hitpointfrolll  

tllCCStimatcddista・nCCOfthclocn・1track．cTL。1SglVCnl）y  

Jた＝J：三。β＋J∑w  （G・5）  

WllCrCJ：，1CSisthcspatialdeviatiollduetomultiplecoulomb scattcringfrol’ntllC  

il・（・）11Bltcl・．TypicalvalucsofqL。il・l・eliste（tillTable6．2．  

IllOr（lcl・tOCValuatctllegOOdllCSSOftllCfit，thcintegratcdl）1・Ol）al〕ilityP（入′ま，∫／）  

0士－ca．clllocal仁1・aCkiscalct11a．te（l．Tllelocaユtl・aCkl11し1StS；tti埼′と11efoll（川rll唱L：（，）11（lト  

ti（▲）11：  

P（1三，レ）≦0月97  （6．G）   



58  皿PTER6．相打OⅣJかEⅣmCATJOⅣ  

ThislimitcorrespondstothreestandarddeviationsinaGaussiandistribution・  

TraLCk qualityselection：Matchingoftracks and amount ofpenetrated  

materials   

Theangledi鮎renceinther－¢planebetween七heextrapolatedtrackandthelocal  
trackattheoutersurfaceofthereturnyokeisadoptedtoevaluatetheconnection  

quality■Theangulardeviationattheoutersurfaceofthereturnyokeisdetel・mined  

tol〕e aSfbllows：  

β3蝕＝βま。β＋鴫βC＋鴫  （6・7）  

WhereOmcsistheangulardevia七ionduetomultiplecoulombscatteringofthetrack  
e＝PtrapOla七ionglVeninEq．6．1causedbyallthematerialsexcept払rironfi1ters．  

OcDCistheangulardeviationofCDCextrapolationwhichisnegligibleandOL。is  

thatduetomultiplecoulombscaltteringlntheironfi1ters・A distributionofthe  
normalizedangulardifference△0／OdevisshowninFig・6・1・Thetrackmatching  
COllditioni＄requiredtobe：  

＜3  （6・8）   

Amuonwhosemomentumisal〕0Veafewdev／ccanpenetratethematerialsof  
theinnerdetectorcomponents．Ifaparticlepenetratesthroughthebarrelmuon  

SyStem，itpassesthrougha七1east5．3absorp七ionleng七hsofmaterials．Theamount  

Ofmaterialsalongtheextrapolatedtrackandthelocaltrackiscalculatedbvtaking ヽ′  

intoaccountdE／dxenergyloss．Itisrequiredthatthetrackmustpassthrough  

theamountofmatel・ialsmorctha・n5．3absorptionlengthsintotal．   

Thetrackwhichsatisfies tlle abovecriteriaisdenotcdas acandidatetl・aCk．If  

tllel・cisnocandidatetrackalndifthenumberofhitlayersislargcrthanfoul・，01－C  

OftllChitlayersisdiscardedandthelocaltrackfitandtlletra・CkqualityscIcctio11  

WitlltlleOtherhitlayersa，l・CCa．rricdout．  

Selectionofthemostlikelytrack  

Iftllerea・rCSOmCCandidatctracks，theovcral1reduccdx喜vc，．【．．LLISCalculatc（l；ul（l  

tllCn10Stlikelytrackisdccidcdbycomparlngtlleintcgratcdl）rObability．x三vc，．。［L  

is（lc艮nedbyreplacingq［。WithJe3：inEq．6．4asfollows：  

土
l
巾
㌧
 
 

Ⅳ
∑
嶺
 
 

1  

∧r－2  
肌．′′＝  （6・9）  

ThctrackwhichgivesthemillimulnValueofP（x三．ue，aL［，U）istllemOStlikelytl・aCk  

an（lsclecteda．s七hemuonca．ndida．te tl・aCk．   
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6．2 E氏ciencyand Backgrounds   

6．2．1 DetectionefRciencyofanisolated muon  

Thede七ectione侃ciencywith七hecutsin七roducedintheprevioussectionandthe  
overalle臨ciencywereestimatedbothbythemuonsampleandbythesimulated  
singlemuoneventswiththedetectorsimulationprogramVMONT・   

Muon selectionwithout the muon detector   

IllOl、dertoestimatethee伍ciencybyuslngtherealevents，muOntraCksmustl〕e  

identifiedwithoutuslngthemuondctector・Itcanbedone払rthelowmultiplicity  
eventssuchasFLPOrFLP7eVentSWithcenter－Of－maSSenergleSbetween54and64  
GeVcorrespondingtoanintegl・a・tedluminosityof60・8pb－l・Thecriteriaofthis  

muollpre－Selectionareas払1lows：  

1．Numberofchargedtracksisequalto2・  

2．Bothtracksmustbegoodtracks．  

3．lcosβl≦0．81  

4・Time－Of－fiightdi鮎renceisnotlargerthan5ns・  

5．Bo七htrackmomentamustbelargerthan2．5GeV／ctopenetratemaltCl・ia・1s  

Whicha・rePlacedinsidethemuonde七ector．  

6．Energysumoftheclustersa・l・oundthetrackwithinlOOmustbetheminimum   

ionlZlngenergy，nOtla・rgerthanl．5GeV・  

7・Twochargedtrackshaveoppositecharges．  

TllCCutValueofthetrackmolllelltulllisdeterlllillCdfromFig．6．2wllicllSll（T）WS  

tllCmOmentumdependenccofthcmuonidellti丘cation descl・il）edin thel〕reViotlS  

SeCtioll・ThedccrcaseintllClowlll（二）1rlClltull11・eglO11isductotllClnatCrialtllickncss  

t（二）1）epenCtrated，Whichdctcrmincsthcoveral1ef丘ciency．Thcresultoftllismuolュ  

SCIcctiollislistcdinTable6．3．TllCprOCedureofthc muollidcnti且cationin tllC  

Pl・（汀ioussectionresultc（lilll122cvclltSaSdi－muOnCVCntSan（lG53cvclltSil・SSlllglc  

rrluOneVentSamOngthcscfu1al2112cvelltS，   

Fig・6・3showsthcpolaralnglcdcpcndenceofthee伍ciency・PointswitllCl・l・Or  

l）nlrSShowthedataofthelowlllultiplicityevcntsandthchistogl・a・nlSl”WS tllC  

l・CSult ofaMonteCarlosinlulation・Ftomtllisdistributiollthcfiduciall・CglOllOf  

tllel11uOnidentiBcationisdeterl11illC（ltobcfcosel≦0・G・Tlledecreaseofabout5  

％illthefiducialregioncomesh・0111thebackgroundofthea・1〕0VenluOnpre－Selection  

pl・oCedure．   
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6．2．2 E伍ciency fbr muonidentificationin multi－hadronic  

eve nt s 

Thepreviousiden七ificationprocedurecanbeappliedto七hemulti－hadronicevent  

SamPle．Tota1533muoncandidateswereselected丘om7827multi－hadronicevents  

Withcenter－0トmassenergleSbetween54and64GeVcorrespondingtotheinte－  
gratedluminosityof60・8pb－1   

SincetherearemanyhadrollSinmul七i－hadronicevents，itisdi且cul七toelimi－  

natetheircontaminationtothemuoncandidatecompletely・Infact，thee氏ciency  

for tagglng muOnSis degraded beca．use ofthe misassociation oftracks and the  

COnfusingofhitpointsoftheCDCinajet・Thetotaldetectione氏ciencyofthe  
muo11identificationinthelnulti～11a〔lroniceventscanbeestima七edbytheMonte  

Cal－1ocalculationiftheresponsesoftheVENUSdetectorwel・esimulatedprecisely．   

The七rackrmisassociationpl、01〕abilitycanbeestimatedbyuslng伸andFLFL7  

evelltS Which are superimposedilllTlulti－hadronicevents・A sampleofasul〕er－  

ilnl）（二）Sedeventis shownin Fig・6・4・IllFig．6．4（C），the18－もhand19－thtra・Cks  

a・1・ethesuperimposedmuontracksibundiユ1Fig・6・4（a）・Thetrack－misassociation  

l）1・Ol）a・bilityis estimated tol）C a．1）Out5％whichis consistent with thel・eSult of  

a Monte Carlo simulation．Thc track－misa．ssociation occul・S mainlv due to the ヽ／  

Sl）atialresolutionoftheCDC．   
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VENUS  

（C）  

Z   

Figure6．4：AsampIcofasupcllmposedcvc叫（a）／l－Pail・PrOductionc一・・CnL，（L｝）；）・  

mu）ti－hadI・Onicevcntand（c）asupclim））OSCdevcnt・   



Chapter 7 

Procedure ofMeasuremen七s  

In the theory ofelectroweakilユtel・actions，intel・ference ofthe vectol・alld axiaト  

vectorcurrentscanresultinacrosssectionfore＋e‾→qqWhichisa．sylnmCtl・ic  

With respect toもhe cosine ofthc a・ngle betweellthc e－a・nd q dil、eCtions・The  

forward－backwardasymlnetl・yWhichisdefinedas：  

一  
（7・1）  ＿1rβ＝  

埠＋鵡   

arises缶omthedifftrencebetweentheleft－handedandright－handedcouplings・It  

Canbemeasuredinthecaseofheavyqua・rksbyuslngleptonsh・OmSemi－1eptonic  
decaysofcandbhadrollStOtagthequal七cllargealthougl1aCOITeCtionmustl）e  
madetoaccountforB一首mixlng，Whichl〕rlngSa．1〕Outincorrectcl－argeaSSlgl11Tlent  

in acertainfl・aCtion ofevents．  

Thereare533muoninclusivemulti－ha・（lroniccvclltSCOllectedl）ythcVENUS  

detectoratcelltCl・－Oト1naSSellel・gleSa・rOulld5SGcV．MuollSarCidcl止ifiedilllla（ll・（二）11ic  

jets．The tra・11SVCrSenlOmClltl11T11）L Ofthe muonwi旺1rCSl）CCt tO tllC．恒（lirc（：ti（）11  

isusedtoselcct thccolltl・il）utio11SOfbbl）il・irr）rO（luctiollCVCl・1tS．  

7．1 Jet Reconstruction  

JetsareconstruCtedusユ11gallgoodcllal・gC（ltl・aCksan（lllCutralelcctromagnctic  

energyclustersinanevent．Inordertogetthcinitialqua・1・k（lil、CCtion，tWOrnetll（二）（ls  

aretestedhere・Inthissection，itisassurncdtllatgOOdtr之一Cksa・rCtllOSeOfl）iollS  

andthatenergyclustersarethoseofphotons．  

65   
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0．6  0．7  0．8  0．9  1．O  

Tbrust  

Figure7・1：刑甘I15亡di5山bu七血1・  

Thrust axis   

ThethruSt（T）andthrustaxis（fi）whichareoftenusedtodescribeaneventshape  

aredefinedinChapter4，namely  

∑l正・司  
（7・2）  r＝maX   

∑園   

where毒isanarl）itra・ryunitvcctortobedctcrmincdtoma・ⅩilnizctllCValucofT  

and腐isthemomentumofthei－tllgOOdtrackorthecnergyofもhei－tllClustcr・  
WhenthethruS＝1aSaValucncarl，tllCCVentSha・1）CiscxpectcdtobccollillCal・・Oll  

theotherhand，WhcllithasavaltlCnC孔rO．5，tllCSllaPCiscxpcctc（ltol）CSphcl・icill  

Orplanar・TllCtlll・uStdistril）utio11issho、VninFig・7・1・PoilltS、、′itllCl・rOl・l）n・l・S  

Sho、Vthcdataa11（ltllCllistogramsllOWStllCrCSultofaMolltCCILrlosilrlulatiollh・  

themulti－hadrolliccvents．TllCnulllbcl・Ofcvcntsofthehistogramisnormalized  

fbrtheilltegl・atC（llulnil10SityoftllC（ln・ta．TllCMolltCCarlosilllul山iollagrCCS、Vith  

thedataalldtlletllruSLil．Xiscallbcuscdto叩r）rOXillmtC tllCqしlとl・l・k dircctiollaS  

SllOWnimFig・7・2・   

Th6polarallglediffbrcnccbetweellthctllruStdil・Cとtio11all（ltllCqual・kdirectiol－  

ObtajnedbytheMonteCarlopl・OgralnisplottedinFig・7・3・AssllOWllinthis£g－  

ure，thethrustaxisisclosetothequarkdirectionfbrhightllruSteVCntS・Deviated   
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Thrust axis 

Figure7・2：Schema・tici］］ustl・a・tionofthethrust・  
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POintsaremainlyduetoinitialphotonradiationandalsoduetothree－jetevents  

inwhichhardgluonsareemittedwithlargeopenlngangles・Asforsuchspherical  
events，eVen七axes aredi伍cult to be determined correctly because the quarkis  

kickedawayfromtheorlginaldirection．Whenthethrustaxisisusedasthequark  

direction，thetwo－jeteventselectionshouldbeappliedbecausetheeven七mustbe  

atwo－jeteventwhosejetaxesgoback－tO－backeachother・Tbselectback－tO－back  

七wo－jeteven七s，thefollowlngCriterionisimposed：  

。EventsarerequiredtohavethrustvaluesoverO．85・  

Thisreduces thenumberofevents withhigherjet－multiplicities；i・e・，e＋e‾→  

q軸，q融g alnd so on．Distributions of the pola・r angle di鮎rences for the high  

thrustandlowthrustreglOnSareShowninFig・7・4・InthehighthrustreglOn，the  

thrustaxisisveryclosetothequarkdirection．   

ItshouldbenotedthatthethruSt aXisprovidesnoinfbrmationoftheinitial  

quarkcharge．Thisinformationcanbefoundintheleptoncharge・Inthepresent  

CaSe，itis the muon charge when the muonis produced throughsemi－1eptonic  

decayprocesses・Thepolarangleoftheinitialb－quarkisdeterminedby  

cos8b＝qlxtcosOTIxQpxsgn（p言）  （7・3）   

WhereCTisthepolarangleofthe七hrustaxis，Qpisthechargeofthemuonand  

Sgn（pz）isafunctionwhichhasavalue＋lor－1accordingtothedirectionofthe  
muonwithrespecttothezaxis．  

Jet clustering method 

Inordertofindthejet axIS，tWOWellknownmethodsa・reOftelluSed；D－jolna・n（l  

Y－Cut methods・Notice that tl・aCks oflel）tOllS are Ol、dina・rilv excludedillthese  

PrOCeduresofjet－aXisdetermi11ationexcel）t払rEdetWllicllisdefinedintheY－Cut  

method．   

ThejetclusteringprocedureofthcD－jolnmCthodisas丘）1lows：   

1・FindthesmallestDijValucwhichisdefincdas：  

日毎、腐河  

（7．4）   刀fJ＝   

J）f＋了）ゴ  

WhercmijlStheinva・ria・ntlTlaSS－allldpial一（lpjal・CthenlOmCl血OftllCi－tll   

andノーtlltradこSOl・Clustel・s，1・espeC臼velさ′．   

2・CombinetllCi－thandj－thtracksol・Clustcrs．   

3・Iterate（1）and（2）whiletheDijValueissmallerthanagivencutvalue．   
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Figure7・5：Schematicimageofthejet一皿uOnCOmbinedaxis・  

AndthejetclusteringprocedureoftheY－Cutmethodissimilartotheaboveas  

払1lows：   

1・Findthesmal1est‡てjValuewhichisdefinedas：  

（丁．5）  

Whcremijistheinvariantma・SSOfthei－thandj－thtl・aCksorclustersと一・l一（l  

古山isthcdetcctcdenel・gyl11Cludi11gleptons・  

2．Conlbinethci－thandj－tlltl・acksorclusters．  

3・Itcratc（1）a・n（l（2）wllilctll（：‡′てjValueisslllallerthallagivcncutvaluc・  

Hcrc，thcY－CutmCthod was adoptedforjct clustcl・ing乱11d tllCY－Cut V；J・lue  

WaSdcterminedtobcO．SO．0ulytwo－jetevcntsarctakcnilltOaCCOullt．Fig．7．5  

SllO、VSthatthcopcl－111gallglc】）Ct、VCCllhvojetsisvcrycIosc toISOOiul（1thcjcLs  

al1110StgOback－tO－back．Ajct wlliclliscloserto thcmuolltmCkiscil・llc（l‘．恒1’  

andrcgardedastlleOrlg1110fthcl11uOn．Thcotherjetisci－111c（lLjct2’．TllCillitiと一tl  

（1uill・k dircctionis dcヒcrmillC（ll）y tllC COrnbinatiollOftllCj（豆1（lircctiollil・11（ltlLC  

l11し1011（lil・eCヒiollbcc礼uSeLll（さj（止1ilXisseelllStOl）ekicke（lh・（j111山ci11iLiil・1（lil・ぐdiり11  

1）yel11ittillgtllelnt1011aSSllO、＼，nillFig．7．6．Tlleqtl礼1・k cll…11・geis（lcLel・lllill（ニ（lt・（－  

1〕（：tllCSalllCaStllC11－uOllCl”・l・gC・IftllCluuOllllil・SapOSi仁ivccllil・rgC，仁11CぐOllllJill（：（1  

axislooks toward theb－dil・eCtioll．   
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Figure7．6：Opemnganglebetweenjets・  

Boththethrustaxisandthejet－muOnCOmbinedaxisrepresenttheinitialquark  

directionswell・Fig・7・7showsthepolarangledifftrencescalculatedbythcMonte  

Carloprogramwithrespecttotheinitialb－quark・ThesolidanddashedhistogralnS  

representthepolarangledi鮎rencesfbrthethrusta・＝isandthecombinedaxis，  

respectively・ThethruSta＝isseemstobeabetterapproximationoftheinitia・1  
quarkdirection・InthcprcsentanalysISlthethrustaxismethodisadoptcd・  

7．2 拓Pair ProductionEnhancement   

Muoninclusivc multi－hadronic evcnts collSist ofquark－Pail・Pl・O（luctiollS Offivc  

flavours・Allevcntsbutbbpairl）l・Oductionl）CCOlnel）aCkgr（）u11ds・TllCll；、・（ll・Ol－iz；一・－  

tionanddccayl）l・Oductsfl・0111t、VObbjctsal・C、、′Cllscl－itmtC（li11Sl）；l・CCtOf；t・Ciliいt・tC  

acIcanerstudyofbl）11ySICS．   

TagglngOfhcavyflavoursuslnglligllJ）LIcl）tOllSfl・01一一SC111i－lcl）tUuic（lcc町SlliLS  

bccnolleOfthclllOSti1111）Ol・tal・ltLeclllllquCSilltllCrCCCntyCarS・TllCl，LOfachal・gCd  

leptoniscstimatc（l、Vitlll・CSl）eCt tOab－qu之u・k（lircctio11、VlliclliscollSi（lcl・Cdtol〕C  

represcntcdeithcrl〕VtllCthrustaxisorbytllCl・CSult；lnt（lircctiol10ftl－CChargcd  

lcptonandtheneal・eStb－quarkleft－OVCrjct・TllCPLdistril）utio11Sal・CSimilal・inthcse  

twocases，eXCeptbrthcefftctsofthl・eeOrmOl・ejcteve11tSil一、、7llicl－SOl－1etimcs   
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－40．0 －30．0 －20．0 －10．0  0．0   10．0  20．0  30．0  40．0  

Angular difference（degree）  

Figure7．7：PoJaェ・aJlgJedi爪汀e】ユCeW烏ム】・e叩eC亡k＝兢eqし王a止dil・eC血町止e50JJd  

ムi5七q伊a皿ゐr班e血・uS亡a・Ⅹi5J刀e班oda皿d£ムeda血ed最5£喝1・∂・1】1fbユ・仏eJeトmL1011  

co点ユb血edaxi5Jlユe亡ムod．   
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釣（Gelり   Thrust   Jetclustering  

Candidates Purity（％）  Candidates Purity（％）   

Nocut   440  17．8   394  18．8   

0．5   284  25．7   230  28．6   

0．6   231  29．2   202  32．4   

0．7   201  32．6   171  35．6   

0．8   171  36．3   150  39．7   

0．9   145  38．3   133  43．1   

1．0   133  41．0   115  45．5   

1．1   116  44．0   99  47．8   

1．2   95  47．2   84  50．6   

1．3   88  49．1   77  51．7   

1．4   75  49．1   70  50．1   

1．5   63  48．0   55  49．9  

Table7．1‥Listofeventssurvivedjiqomthept cut．   

thedeterminationofthethrustaxisandptisa鮎cted・Thefactthatb－aaVOured  
hadrondecaysleadtohighptleptonsinsemi－1eptonicdecaysisjustapha．sespace  

Phenomenon・Amassivebquark／hadronof記5GeVleadstoa・naVera・geP亡母1．5  

GeV／cforthechargedlepton．Fig．7．8showsthetransversemomentumdistribu－  

tionofmuoncalldidates・Pointswi七helTOl，barsshowthedataand七hehistograms  

Show the resul七s h：Om the Monte Carlo simulation．The shaded areaindicates  

thefractionofb→FL？a・nd thecross－11atChed andhatched a・l・CaS COrreSpOnd to  

b→C→Pandthecharmcontril）ution（c→′L），reSpeCtively．Theopcnarca  

representsthebackgroundcontributionfrommuons払rcharged7randHdecays  
andfrompunchthroughparticles・Table7・1glVeS theprompt muonratiowith  
l・CSPCCttOthetotalmuol－Candidatcswhicllissl－OWl－inFig・7・9・   

Apromptlcl）tOll（lecaycdfrolllallCaVyqun・1・kgcllCl・allytcl・1（1stobcisohtc（11）C－  

CauSeOftherelativclylaL・gCQ－Valuec（〕mparCdwithtllelnaSSCSOfdccayproducts．  

Itcanbeseencleal・1yfl・01nFig．7．9tllatalligl1el・1）tCutyiel〔1si・Lpul、el・b→FLCVellt  

SalnPlebutreduccstllenuml〕CrOfcvcnts・Inor（lcrtotagthe抽1）ail・prOductiol－  

efRciently）thefollowlngCl・itcrionisadopte〔l：  

●Thetransversemomentumofamuoncandidateisl・equlred tobegreater  
tllanl．3GeV．   
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Figure7．8：n制1Sl′erSeJnOJⅢeJl血ユ10f止e一刀L10日Ca・1】djda上e5；r礼いvi拍ユ・e叩eC亡亡0  

拍で山us‘a・Ⅹi言祝1（りり－V抽ユ・e叩eC亡わはcco川bi胱d∂ズJ5・弘之ー・〔Jcd，Cl℃55一山血血叫  

haLcheda】ユdopcnhist呼・a・mSCOl・1・CSPOndtoMontcCal・）ocz一・］cLZ）atio11SLbl・b→／L，  

ム→C→〃，C→／．上allddec町aJldJ）uJICJl血oLlgJlba・止gl・ollJ－〔kl・eSpeC抗′eJJ∴   
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Figure7・9：Pt－Cutdependenceofthepl・OmPtmuOnI・a・tioa・ndthetl・aCka・CCePtanCe・   

Fig・7・10showstheangulardistributionoftherepresentedb－quarkbyuslng  
thethrust axis・Backgroundcontaminationsareestimatcdby MonteCarlocal－  

culationsandsubtractedbinbybin．Pointswitherrorbarsshowthedataand  

thehistogramSShowtheresultsfromtllCMonteCarlosimulatiorl・Theshaded  
areaindicates thefractiol10fb→FL，and thccross－hatchc（la・ndhatched areas  

correspondtob→C→〃a．ndthccllal・mCOntribution（c→／L），l・cSl）eCtivcly・  

7．3 Di鮎rentialCross Section  

Theobtaineda11gulardistril”tio11払L・e＋c－→bbillClu（lcstllC（此cts（・）flくil－Cl一一ittic；l・1  

acceptallCean（ll・a（liativcl－rOCCSSCSSuCll；一S SOftl，hotolln・11（ls＝ftgluol－Cl11issio11・  

TllCy del）ClldolltllC Cut COrlditi（〉11S Ofcvcllt SCIcctio11，C．g．．thc軋Iuci；一・1v（〉lumc  

cutalldtllruStValuecut．Il10r（lcl・tOCOllll）；けCOurl・CSults、、・itlltllCl）1・C（lictiol－Of  

theelectroweaktheoryol・rCSultsofotllCrCXl）Crimcnts，tllCC（）rrCCtioll（luctotl－CSC  

efftcts must bc cvaluatc（l．   

Theexperimentalva・1ucsofthelo、、′CStOrdcr（liffbl・Cl－tialcl・OSSSCCtiol－hrc＋c－   
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Figure7・10：AJlguhl・di5最b山ioJlOf亡J】e血・lほ土肥i5．罰ほde（J，Cユ・055－ム∂血ムe（J，  

hatchedandopcnhls上qgramscolュ・eSPOndtoMbnteCal］ocn・1cu］atLonsfbl・ム→ll，  

ム→C→拓C→J用∫】d（Jec叩飢】（り）unCJl山oLIgJlb∂・止gl・OL‖－d5，1・e叩eC亡ルe古1                                                                                                                                                                                                                      ■■   
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Figure7．11：Col・1・eCtionfh・CtOl・Ofthedi鮎ヱ・entia）crosssectionjbl・e＋e－→妬．  

Canl）eeValuatedbyuslngthefbllowlngfbrmula：  

叩♭5  

（7，6）  
2打△cosβ・エ   

、、Tllel・ethcsufRxil11eallStllCl→tl”11gularbin，eis tllCdctcctiollCfBcicllCy，D7・is  

tllel）1・arllChi11gl・atioofthescmi二l（叫011icdccay，6isthera（liativccol・1・CCtiol－fa・Ct（）r  

irlCludillgl）Otlll）110tOllSall〔lglu（，）1▲1S，Nrbsistlle＝umbcrofol）SCl・VC（lcv（：11tい111（lL：  

isthcilltCgratCdlul11il10Sity．   

TllCCOrrCCti（．）11factol・eB7・（1＋占）iscstilllatC（lbyusinga・M（二）11tCCa・1・1osil11ul；、・ti（二）11  

WitlltllCCffcctofillitiiJ・1sta・tCl・とll（liとl・tioncalculatcdbyFujimotoctal．TllCl・CSult  

Callbccxpl・CSSCdas：  

【∈か（1＋∂）】∫＝  （7．7）  
C‖／ぶ   

（  ）  

虫  

dn  

1Vll（：rC MClnCallS tllCl・CSult of tllC MolltC Cal・1（）Simulatio11all（lGWSlllCn．11S LllC  

Io、、一CStOrdcl・l）l・C（lictiollOftllCCIcctL・OWCaktllCOl・y．Fig．7．11sll（州StllCl）Cll”Tiol・（）r  

tll（ごぐ（Jl・1・eCとiollf之tCtOl・aS afし111C仁iul10fcosβ．   

TllC COl・1・eCtion factol・has a sligllt angular depclldcncc wllicllis（luc to tll（：  

higllCrOrdcl・cOl・reCtiollSuClla・Stllera（liativecorrectiol10rgluollCl－nissiollill一（ltllC   
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dJ／dn即y  ゐ／dn血α   ペ1＋∂）  

3．01   

2．23   

1．60   

1．11   

0．77   

0．57  

3．06土0．87   

1．80土0．64   

1．08土0．58   

1．28士0．54   

－0．19士0．30   

1．46土0．61  

0．55   

0．77   

0．72   

0．81   

0．91   

0．73  

－0．70～－0．58   

－0．58～－0．35   

－0．35～0．00  

0．00～0．35  

0．35～0．58  

0．58～0．70  

Table7．2：入鹿aぶuユ・eddJ鮪ヱ・e血ia．Jcros55eCfio乃ゐヱ・e＋e‾→むゐ．   

detectionefRciencyofthemuondetector．Theyreducethe asymmetryoftheb－  

quarkproductionprocessal）Out8％払ranangularrangeofJcosOJ＜0・7according  

to theMonte Carlo calculation．   

Thedi鮎rentialcrosssectionthusobtainedた〉rbb－PrOductionissummarize（1in  

Table7．2andshowninFig．7．12．  

7．4 Results and Errors  

7・4・1Fittingprecedure  

Tbol〕taintheforward－ba・Ckwardchargeasymmetryfor b－qaurkpair pl・0〔lucti（二）n，  

themeasuredangulardistril）utionisfittedwiththe払1lowingfol・mula・‥  

dがIeαⅢγed  

（7・8）  

雲項・cos2β＋；▲4bCOSβ）   dn  

Wllel・eRbandAb a・rCfi・eeParalllCtellS払r tlleR－l・atioarlld thccha・rgeaSymlTICtry，  

l・eSPCCtively・InthisBttingprocedurc，themostlikelihoodmethodisuscdarl（ltllC  

ValllCOftheprol）abilitvPisde丘11edl）y  

7†けe‾丁‖・  

P＝ロ  
l   

（7．9）  
扉   

Whcrcmiisthenumbcrofcvcntspredictcdbytheelcctrowcak thcory arldxiis  

tlle Ol）SerVCd nunlbcl・Ofcvents．Thc su士気xidenotcs tllei－tllbillin cosO．TllC  

numl）erOfexpectcdeventsmiiscalculatedby  

＋△ニdJCll′5  

丁－1i＝2甘利1珂げ   
（7．10）  dヱ   

dヱ  

Wllel・CeBr（1＋∂）（iisacorrectionfactor，＝iistheloweredgeofthei－thl〕illall（l  

△＝isthebinwidth・TheR－ratioa11dthe払rwal・d－backwardcllargeaSymllletl・y（二）f   
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Figure7．12：Measul・eddiHh・entiaIIcl・OSSSeCtionjbl・e＋e‾→b石・  

b－qaurkaredetermineda・Sfo1lows：  

凡  

Ab   

Whercerrorsarcstatisticalollly．  

0．78土0．14   

－0．50土0．18   

7・4．2 Systematicerrors  

ThcmajorbackgroundsourccislnuOnSfro111dccaysin且igl止ofcllal・gC（11－1（）11S；・l・l一（l  

kaollS bcfbrc absol・bcdl〕y tllC；tl）SOl・t）Cr nlatCrials by stl・ongintcl・actio11S・TllCSC  

n・1uOllS amOunt tO about25．5％oftotal111uOn Candidates whicllSurVivcd alltllC  

Cut Cl・itcl・ia．Thcdccayl）l・01）abilityl）Cbl・eapitrticIchastl・とl・VCIc（ladist；u・lC（：lis  

glVe11by  

p（り＝トexl）（諾）   （7・13）  

WllCl・Cm，I）all（lT。iu・CthclnilSS，1110111Clltulllall（11ifctilllC，l・CSl）CCtivcIv．TllCl）l＝11  

とul（11くaO11（lcc之Wl）l・Ol）al）iliticsilltllC＼・●ENUSdctcctol・arcCil・lcul山e（ltol）CB7・（7r→  

FLLノ）＝1・Oと111d Bl・（1；→′LLノ）＝0．64，l・CSl）eCtivcly．TllC ullCCl・tai11ty fl・olll（l（lC；l・r  

illⅢghtisllCgligil）1y slllalll）eCauSC tllClifttilllCS Ofl）io11Siuld ka・011Sal・Clこ11（）、、，ll  

pl・eぐisely．   
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Souceofunccrtainty   Errors   

月b  A占  

magmen七ation  

Branching ratio 

Charm contributioll 

Punch－throughprobability  

Luminosi七ymeasurements  

Correctionfactor  

Cut－dependenceofpt  

0．02  0．05   

0．04  0．04   

0．01 ＜0．01   

0．01 0．01   

0．03  0．01   

0．01 0．04   

0．09  0．08  

Total（quadl・aticsum）  0．11 0．11  

つ払ble7．3：5LI皿刀a・ヱyOf町ぶ拍皿a臼ce汀Orぶ．  

Punchthroughhadrons passlng throughabsorber ma．terialsl）eCOme a back－  

groundsourcealthoughtherateisnot sola∫ge・Thepunchthroughprol）a・1）ilitv  

Ofahadrondependsmailllyonthcal〕SOrPtionlengthofthemateria11s・Ill（二）1・〔lel・  

toevaluatetheabsorptionlengthofthehadronabsorberoftheVENUS（letectol・，  

thel〕eamteStWaSCarriedoutinanabsorberarrangementveryclosetotheac－  
tualVENUSdetectorbyusing7r‾beamsof3and4GeV／cinthetestchannelof  
the12GeVprotonsynchrotron［37】．Theresultsare21．2士0．3cmand24．2士0．2  

Cma・t3and4GeV／c，reSPeCtivcly・Thevalue22．3cmisset払rtheabsorptioll  

le11gtllOftheironabsorberilltllCdetectol・SimulatorVMONTwithoutta・kil鳩11止（二）  

accountthemomentumdel）elldcllCe・Thepunchthroughprobabilityofalhadroll  
Whichsurvivedallthecutsisestilnatedtobeabout7．0％．   

DctailsofsystematicelTOrSarCSummarizedinTable7．3．Thedomina．nts。urCC  

isthccut－dependenceた）rthcmuolltl・ansVerSemOmentulnWithrespect to thc  

thl・tlSt aXis．   

Tllebranchingratioofscmi－111uOnicdecayisvaricd士10％forDandBmesons．  

TheullCCrtailltyfronlthccol・rCCtiollfactorcomesfromtlleMolltCCarlost；一．tistics  

uscdinthecalculatioll・Cutdcl）elldenccofthcb－flavourselcctiollissurllmal・ix（〕（l  

inTable7．3．Thctotalsystcl11aticelTOl・sal・eeStimatcd to bc O．11丘，1・1）（，tllf，l”：  

R－ratioandcllal・gCaSymlnCtry・  

Illadditioll－theal・tificialasyllllnCtl・yintheVENUS（letcctol・isれ）ull（lt（）1）（〕  

11Cgligible．TllCl・efo1・C，Rballd」4bl）eCOl11e  

凡 ＝ 0．78士0．18  

＿4む ＝ －0．50士0．21  

pred・（0・58）  

Pred・（－0・59）   
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釣（GeV）  凡 Errors  Aら Errors   

1．0   0．68 士0．12  －0．51 士0．19   

1．1   0．70 士0．12  －0．55 士0．19   

1．2   0．67 士0．13  －0．58 土0．19   

1．3   0．78 士0．14  －0．50 士0．18   

1．4   0．77 士0．15  －0．54 士0．20   

1．5   0．74 士0．16  －0．61 土0．21  

Table7．4：ListofmeasuredRb andAbwi七h thel職・riotlSP孟－Cut．   

whel・eerrOrSarequa・dratical1ysummed・Theyareconsistentwiththepredictions  

oftlleStandardelectroweaktheory．   
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Chap七er8  

BO＿云百oscillations  

8．1 CompilationofHeavy QuarkAsymmetries   

Acompilationofstatistical1yindependentmeasuremen七sofb－quarkchargeasym－  

metl、iesat PEP，PETRAandTRISTAN［38】isgiveninTable8・1togetherwith  

theworldaveragesatvariouscenter－Of－maSSenergleS．BO一所mixlngCOrl・eCtions  

al・eaPPliedtothebasymmetrymeasurementswhicharenecessaryforcomparison  
withtheBorntermpredictionsoftheGWStheory．Thelattel・hasbeencalculate（1  

fiⅩingthecouplingconstantsto theStandardModelvalues anduslng themass  
andwidthoftheZOandtheweakmixinganglelistedinTable2．1（SccChapter2・）  

Whichareconsistentwiththeresultsoftherecenthighprecisionmeasurementsat  

LEP，SLCandTEVATRON［39］・   

Onlyina玩、Vl・ecenteXperimcn七s，BO一首すmlXlngCOrl・eCtiollShavebeel－CalTie〔l  

OutuSlngdifferentassumptiollSforthesizeanduncertaintyofthecorrections．Ill  

Ol・dcrtocompileallthemea・SurCmentSglVeninTable8．2，thesamccorrectioll払r  

BU一所oscillationsisal）pliedba．scdontheresultfortllemixillgl）a．rametel・Ofヽd（Scc  

E（l・2・31・）andundertheassunll）tionofthcBごmiⅩingparamctcrxswhichhasl・10t  

yetbecnmeasuredindependently．Anunbiasedassumptionxs＝0．25士0．25n・11〔l  

themaximalBごmixlngXs＝0．50士0．25isa．ssumedaltel・natively．TlleCOITeCtioll  

fa・CtOrl／（1－2x）（SccEq・2・3O．）ralュgeSfroml．26土0．12tol．38土0．14fortllC  

t、VO；一・SSulnPtionsonxs・Astilll・athcrlargcuncertaintyilltllCmagllitu（lcorBO－DO  

O＄Cillationsintl・Oduccsanadditiollalcrrorinthebasymmctryl11eSurCmCntS．JADE  

glVCStheirfinalcorrectcdl・eSultsat35aユ1d44GeVwithouttakingintoacc（）l、111t  

tllisuncertainty・Thcapplic（lmiⅩ111gCOrreCtiollSal・eremOVC（linthcJADErcsl11ts  

glVellinT孔1〕1e8・1・   

TlleCOl・1・eCtiollhasbcel”・l）plicdaftercollllJinlllgSta・tisticalaユ1dsystclllと一・ticcr－  

l・01・SOftheobsel・Vedasymmetl・iesquadl・atically・Theavel・agel・eSultswit・11BU－BU  

lllixlllgCOrreCtionsatPEP，PETRA，TRISTANa・11dLEPel－ergleSa・rCglVellillTa－  

83   
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A㌘Ⅳ∫（％）  
A訂1eαβured 

（％）   
、β（GeV）  Experiment   method  

HRS   29．0   e   －14．0士12．0   －17．4   

MAC   29．0   〃   ＋3．4士7．8   －17．4   

TPC   29．0   e   －36．0士35．2   －17．4   

TPC   29．0   〃   －15．0士20．6   －17．4   

PEP   29．0  －4．0士6．1   －17．4   

CELLOOO 35．0   －22．2士8．5   －26．0   

JADE   35．0   －11．9士6．5   －26．0   

MARK－J   37．0   〃   0．0士16．1   －29．3   

PIノUTO   34．8   〃   －36．0士26．2   －25．7   

TASSO   34．8   e   －20．0士11．7   －25．7   

TASSO   34．5   〃   －37．5士27．5  －25．3   

TASSO   35．0   jet   －14．0士14．6   －26．0   

PETRAAA 35．0  －16．2士4．2   －26．0   

CELLO   43．0   －49．1土16．8   －39．7   

JADE   44．0   －24．1士16．4   －41．5   

PETRA   43．5  －36．5土11．6   －40．6   

AMY   55．2   〃   －72土31   －57．4   

TOPAZ   58．3   〃   －71土35   －58．8   

VENUS   58．4   －50土21   －58．9   

TRISTAN   57．6  －60土16   －58．7   

ALEPH   91．1   12．6土3．0   10．5   

DELPHI   91．1   11．1土4．5   10．5   

⊥3   91．1   ／J   13．3土9．9   10．5   

OPAL   91．1   7．2士4．3   10．5   

LEP   91．1  11．0土2．1   10．5   

nLble8・1‥几ねa訳汀eユJ氾血of班eムーqLは止a卿HⅢe坤a・£PEP，PETRA，TJt乃r4∧T  

aJユ〔＝諸君   
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● 

● ・ 

一 ・ 

． 

Table8・2：Measu∫ementSOf七heb－qual吏a・SymmeねγatPE考PETRA，TRLSmN  

aJユdエEP一石紘mi㍊ユーgCO汀eC七血ユ．   

ble8．3．TheMACresultwithpositiveslgnisnotexpectedintheStandardModel  

evenwithBO－BOoscillations．Thismeasurementcannotbecorrec七edconsistently  

払rBO－BOmixlngSincethecorrectionwouldincreasethediscrepancyaga・1nStthe  

PredictionoftheGWStheorywithwhichthemeasurementshouldbecompared・  
Mixingcorrec七ionstothePEPaverageresultwasobtainedaftertheaveralgeaSym－  

metrywascalculatedincludingtheMACresult．TheTASSOmea5urementuSlng  

thelifetimetagandjetchargemethodsisnotinfluencedbyBO－BOmixlng・The  
AMYmeasurement correctedexceeds byfar thelimitin themagnitude ofthe  

Cha・rgeaSymmetry（士75％）whel・ethedi鮎rentialcrosssectionstartstobel－Cga・－  

tiveinapartoftheangularrange．Fig・8・1showstheresultsfbrthebasymmetrics  

withoutBO－BOmlXlngCOrreCtionandwithunbiasedBO－BOmixlngCOrreCtiolla・Sa  

fullCtionofthecenter－0ト1naSSellergy．Thesolidlinereprcsentsthepredictionof  

theGWStlleOry．  

8．2 AverageMixingParameter   

Thclnea．SuremCntSOfb－quarkcllal・geaSymmCtryareSenSitivcfortlledctcl・minatiol－  

oftllCaVeragCdBO－BOITlixlllgr）i一・ril・mCtCl・X・CombiningourrcsultswitlLltll（二）S（）（；）f  

tllCOtherexpcrimentslistcdillTablc8．1，thefollowlngWCighted－1nCallValucwと、・S  

Ol〕tainedbyuslllgEq．2．30た〉1・tllCaVeragedmlXlngl）aramCtCl・：  

（S．1）  ＼■＝0．105士0．051   

witlllowerlilnitsofx＞0．022alldx＞0．OO6at90％and95％C．L．，1・CSl）eCtivcly・  

InordertoextractinfbrmationonBSandBごrrlixlngS，thel）rCSentl・eSultwas  

COl11binedlViththepl・eViousmeasuremcntsofthemixlngParameterSXdalldYn・t   
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Figure8・1：几在ヱl封1ユ・eJJユe∫血of●〃把ムー岬皿☆鱒笹仙肥呵′a亡PE吾PET兄A，T君搭T4〃  
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Experimellt Mixingparameter  

ARGtrS  

CLEO  

UAI  

MAC  

MARKII  

Asymmetrymeasurement  

Xd＝0．174土0．041  

Xd＝0．154土0・056  

X＝0．121士0・047   

x＝0．21！3：…冒   

x＝0．17‡呂：去芸  

X＝0．105士0．051  

Table8・3：A4ixingpa，rameterSOftheBO－BOosci］］a・tion・   

e＋e‾a・nd戸PCOlliders．Thelatterresultsarebaseduponmeasurementsoflike膿Slgn  

dileptonproduction［40，41，42】・Theleastx2fitwasperfbrmedwi七hthe払1lowing  

equation：  

）2 
（8・2）  二二＝ 

‥＝∴よ∴二＝三  

ん机＋ム‰一光肌eγ叩e  

△x皿眠γα卵   

Where（X2）isusedinplaceoftlleX2valuetoavoidaconfusionwiththemixユ11g  
Pal・ameterx．Thefirsttermwas summedfortheARGUS a．nd CLEO（lata．TllC  

SeCOndtermwa・SSummedfbrtheUAl，MACandMARI〈ⅠIdataandthe、Veighte（1－  

meanvalue，WhicharelistedinTal）1e8．3．   

Themostprobablevalucsた）l・，1dalldxsfromthecoml）inedmeasurcmelltSal・e  

fittedtobe  

Xd ＝ 0．167士0．033  

Yβ ＝ 0．41士0．27  

X ＝ んM＋ムxβ＝0．12土0．03  

WllCrC烏＝0・43andj二＝0・13．キ‘L＋0．3xs＝0．159，narnClyacorrclationcoc仔icicllt  

OfO・159betweenx（Lalldxs．Fig．8．2showsthe69％all（180％C．L．c（）血Oul、Sill  

tllCXs－XdPlanea1lowedbytllCVaユ、iouslnCaSuremCntSglVClliuTablc8・3・Tlle  

l●est11とs払r七11eparalneterXβgl、′etlleeXpel・ilTlelltalcoll鮎matiollOfllOlトZelて）現  

1Tlixlllg・TlleZerOBSmixlllgCOul（tl〕CeXCludedwithl．5stall（laLてIdevia．ti（，）11S．   

Thepresentasyllllnetl・ylneSul・Cl・11ClltbytheVENUSdctcctorhasaム（．）ut2～4  

％contribution todetcrmirletllC CelltCl・Valueanditsel・1・Ol・fol・tlleBご111ixillg  

parametel－Xs・Itisrequll・edtoae｛：ulllula・te1110reeVelltStatistics払rtl－epl・CCis（・一人3  

deL亡・1・mination．   
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Figure8．2：M止別皿血血肌壷止ex．－XdpJaJ】e．加He（JcLIl・VC5a・1・e班eceJl加J  

Ⅵ－JLlea・ユユd亡ムedヱl血e（JalJユ〔J50Ji（Jcl汀l′Cぶ1・eJ）1・e肥l川上eβ9％ilJユ〔Jβ0％C．エ．col】k圧Ⅰ－・5，  

ユ・e叩eC臼veレ   



Chap七er9  

Comc且usion  

Thefbrward－backwardchargeasymmetryand舟ratioofb－quarkpairpl・Oduction  
havebeenmeasuredatthecenter－Of－maSSenergleSbetween54and64GeV・The  
totalintegratedluminosityis60．8pb‾1and七heaveragecentel・一Of－maSSenergylS  

58・4GeV．Intheanalysis，b－quarkpairproductioneventswere taggedby uslng  

muons且・Om Semi－1eptonic decay pl・OCeSSeS andtwo－jet selec七ion was apI）1ied bv  

uslngthethruStCut：T＞0．85．TheobtainedR－ratioandasymmetryare  

晶 ＝ 0．78士0・14（sta七．）士0・11（sys・）  （9・1）  

裁 ＝ －0．50土0．18（sta七・）土0・11（sys・）  （9・2）   

Theseresults are consistent with the Standard Modelpredictions，namely O・58  

fortheR－ra七ioand－0．59forthechargeasymmetrywi七h theasslgnmentOfthe  

iso－SPindoubletofthethirdquarkgeneration・   

Combiningourresultwi七hthoseofotherexperiments，theworlda・Vel、ageS（）f  

themixlngParameterSXd，Xs a・nd xforthe BO－BOoscillations areobtaillCd as  
払1lows：  

Xd ＝ 0．1G7士0．033  

Xβ ＝ 0．41土0．27  

X ＝ ん吊＋ノ二人β＝0．12士0．03  

Wll（：1・ejb＝0・43and．た＝0．13．TlluS＊d＋0．3xs＝0．159，nal11Cly acorrcla・ti（）11  

COC伍cicntisO・159betwcerlXdal・1dxs・TheresultfbrthcparanlCtCrXsglVCStllC  

exl）Cl血entalconfirmationofl1011－Zel・OBgmiⅩ1ng．Thczcl、OBgnllXlllgCOuldl）C  

excludedwithl．5standa．rddeviations．Themeasuredasymmetryiscorrcctc（1l〕y  

uslllgtheabovel・eSultstobeAb＝－0．66士0．28whercthestatisticalandsystclnatic  

errorsaresummedquadratical1y．Thisresultisstillconsistentwiththeprcdictioll  

Ofthestandardelectroweaktheory．  

89   
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