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YqeHLrii ceKpeTapL .UHccepTaIIHOHHoro coaeTa A 720.001.03 

.UOKTOp q>H3HKO-MaTeMaTH'leCKHX HaYK, 

npoqieccop 

Olill(MI XAPAKTEPHCTIIKA PAiiOThl 
AKryaJihHOCTh pa60Tbl. 

B COBpeMeHHOB q>H3HKe BbICOKHX 3Hepmii BeCbMa Ba:lKHOe MeCTO 3aHHMaJO'f 

3KcnepHMeHTbI no q>H3HKe TH:lKi:!JibIX KBapKOB, npoaepKe CM, nOHCKY HOBbl" 

qacTHU 3a npe.uenaMH CM H .up. IlpoBO.llHMble c yqaCTHeM OIDIM Hccne.uoaamu• 

Ha T3BaTPOHe <l>HAJI BKJIIOqaIQT 3KCnepHMeHTbl TaKOro po.ua. M" 

3q>q>eKTHBHOCTb cymecTBeHHbJM o6pa30M nOBbIWeHa B nocne.UHHe fO.UbI, q-ro 

CTaJIO B03MO:lKHbIM 6naro.uap,i: MO.uepHH3aIIHH B 1996-2000 rr. O.UHOro tt3 

rnaBHLIX cneKTPOMeT?H'leCKHX KOMDJieKCOB <l>HAJI - ycTaHOBKll «Central 

Detector Facility» (CDF). YaenH'leHHe caeTHMOCTH T3BaTPOHa H aKceDTaHca 

ycTaHOBKH CDF B RUN II (.ururee - CDF II) o6ecneqHJIH HaKonJieHtte 

HHTerpaJibHOB CBeTHMOCTH, B HeCKOJibKO pa3 npeBbIWaromeii CBeTHMOC'fb, 

Ha6paHeyro B nepaoM ceaHce (1992-1995). TaKHM o6pa3oM ocymecTBneII 

nepexo.u K CTaTHCTH'!eCKH . o6ecneqeHHbIM 3KCnepHMeHTaM H, B qaCTHOCTll, 

i-iaqaTO HOBOe HanpaBJieHHe B q>H3HKe BblCOKHX 3Hepmii - qJH3HKa t-KBapKOB. 

HeH3MeHHOB npHHUHnHaJibHOB COCTaBHOB qaCTbIO coapeMeHHbl" 

cneKTPOMeTPH'!eCKHX KOMDJieKCOB AJIH 3KCnepHMeHTOB no q>H3HKe BbICOKlf}{ 

3Hepmii HBJISIIOTCH CIIHHTHJIJISIIIHOHHLie H fa30Bble KOOp.UHHaTHLie .UeTeKTopbI, 

KOTOpbre qacTO COCTaBJIHIOT e.UHHblB KOMDJieKc, r.ue 6bICTPO.UeiicTByromuii 

CUHHTHJIJISIIIHOHHblli .ueTeKTop HCnOJih3yeTCH .llJlSI O.UH03HaqHoro Bbr6opa 

HCKOMOfO co6LITHSI cpe.uH MHOfHX .upyrHX, 3aperHCTpHpoaaHHbIX TPeKOBbIMll 

.ueTeKTopaMH. IlpHMepaMH TaKoro KOMDJieKca HBJISIIOTCH .ueTeKTOpbI MIOOHHoro 

TPHrrepa CDF II, a TaK:lKe CIIHHTHJIJISIIIHOHHLiii npeKoHBeprnp H .upeiiqioaaH 

KaMepa, COCTaBJISIIOlllHe e.UHffYIO CHCTeMY BMeCTe C 3JieKTPOMarHHTHbll',1 

KaJIOpHMeTPOM H noa1,IwruomHe TOqHOCTb onpe.ueneHHSI napaMeTPOB JIHBHSI. 

,ll;HCCepTaUHH OTPa:lKaeT BKJia.U aBTOpa B C03,UaHHe: MIOOHHOfO KOMDJieKca 

ycTaHOBKH CDF II, BKJIIOqa,i: H3fOTOBJieHHe H HCCJie,noBaHHe HeKOTOpbIX Ba:lKHbl:X 

CBOBCTB CUHHTHJIJISIIIHOHHblX cqe~HKOB; annapaTHo-nporpaMMHOfO KOMDJieKca 

AJIH HX onepaTHBHOro KOffTPOJIH H MOHHTOpHpOBaHHH; HOBOfO 2600-KaHaJibHOfO 

CUHHTHJIJIHTOpHoro npeKOHBeprnpa 3JieKTPOMarHHTHOfO KaJIOPHMeT?a. 

lleJih pa60Th1: 

C03.UaHHe CHCTeMbl CIIHHTHJIJISIIIH0HHblX .ueTeKTopoB MIO0HHOfO TPHrrepa 

ycTaH0BKH CDF II, aKJIIOqaromero 6onee 1140 CIIHHTHJIJISIUHOHHbI:X 
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cqeTqIIK0B pa3H0ro Tilna II pa3Mepa; c03.naHI1e annapaTH0-nporpaMMH0ro 

K0MIIJieKca .nm1 lIX onepaTIIBH0ro K0liTp0llH II M0HIIT0pIIHra. 

C03,naHI1e H0Boro, CUHHTHnnHUH0HH0rO, npeKoHBepTOpa 

3lleKrp0MarHHTH0ro KM0pHMetpa C )'Ben~eHH0H Ha nop,i,noK 

cerMeHTaUilefi no nceB,no61,u:rpoTe .ll)IH npo.nomKeHIDI Ha6opa CTaTI1CmKI1 

npI1 B03pocmefi CBeTIIM0CTII T3BarpoHa . 

IIpoBe,neHile UHKna I1ccne.noBaHI1H eCTeCTBeHHoro crapeHID! 

CUIIHTHnnHUII0HHl,IX cqerqIIK0B ycTaH0BKII CDF II II nporn03Hp0BaHile lIX 

.nonroBpeMeHH0H 34>4>eKTHBHOCTII. 

Hccne,noBaHile H 060CHOBaHI1e B03MO)l(H0CTII IICnonb30BaHID! H0B0ro 

MIO0HHoro rpilrrepa L1 B 06naCTI1 l.0:Slql:Sl.25 nyreM BKnIOqeHID! B Hero 

CHrHM0B C .nononHIITenbHoro cno,i MIOOHHl,IX CUHHTHnnHUHOHHl,IX 

,neTeKTopoB. 

HayquaH HOBil3Ha: 

C03,naHI1e H0Boro MIOOHHoro rpI1rrepa ycTaHoBKII CDF nyreM BKnIOqeHID! B 

ero C0CTaB CHCTeMbl KpynHora6apHTHI,IX CUHHTHnnHUHOHHl,IX cqe"PIIIKOB 

HOB0ro noKoneHID! co CBeToc6opOM cneKrpOCMemaIOIUHMII BOllOKHaMH. 

PaHee no.no6Ha,i MeTO.nmca B npaKTHKe 3KcnepHMeHTOB no 4>I13I1Ke BbICOKHX 

3Hepmfi npHMeHHnaCb TOllbKO B KMOpHMetpHH. 

IJ,IIKn IICCne.nonaHIIH CTapeHID! CUHHTHnnHUHOHHI,IX cqerqIIKOB C pa3HOH 

nonHMepHOH OCHOBOH 11 pa3H1,IMH cnoco6aMII c,,eMa CBeTa B pa.nilaUHOHHl,IX 

ycnOBIDIX. ,lvrn cqerqIIKOB HOBOro noKoneHID! C onTOBOllOKOHHl,IM C1>eMOM 

CBeTa BnepBbie: onpe.neneH BKna,n cneKrpOCMelllaIOIIllIX BOllOKOH (20%) B 

crapeHHe; Hafi.neHo, qTo Ben~HHa rexH~ecKoH .ll)IIIHbI ocna6neHIDl1 cneTa 

cna6o 3aBIICHT OT BpeMeHII. 

C03,naHH1,Ie HaMII .neTeKTOpHble KOMIIJieKCbl o6ecne'IHnII nonyqeHile Ba)l(Hl,IX 

H0BblX Hayqm,1x pe3ynbTaTOB no p,i.ny 4>yu,naMeHTMbHblX npo6neM 

COBpeMeHHOH <t>mHKII BblCOKlIX 3HepmH. B qaCTHOCTH, cpe.nII pe3ynbTaTOB 

no.no6Horo Knacca, .nocTilrnyTI,IX c npHMeHeHHeM co3,naHHblX .nereKTopon 

MIO0HH0r0 KOMIIJieKca CDF, Ol{HII H3 HaI16onee TOqHI,IX, no BpeMeHII 

1 
TexHH'{eCKru! JlJIHHa ocna6neHHH IlJlaCTMaCCOBOit CUHHTHJIJIJIUHOHHOH nnaCTHHbl 

onpenem,e-rc,i KaK JlJIHHa, Ha KOTOpOH CBeTOBOH CHrHaJI )'MeHbWaeTCH B e pa3. B HaweM 

cnyqae BMeCTo CUHHTHJimrropa IlOJlpaJ)'MeBaeTCg CHCTeMa 

«CUHHTHJIJIJITOp+cneKrpOCMeIUa!OIUHe BOJIOKHID). 
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nonyqeHHH, H3MepeHHH MaCcbl Ton-KBapKa M,0µ=173,5~!:~ (stat.) f3B/c2 II 

M10P=l70.l f3B/c
2 

± 6.0(stat.) ± 4.l(syst.) B T.H. MO,nax "nenTOH+crpYH" II 

".nimenTou" C00TBeTCTBeHHO, HaI16onee TOqHoe H3MepeHHe MaCCbl W-603oHa 

Mw= 80413±48 (stat.) M3B/c2 II .np. 

IlpaKrI1qecKaH ueHnocn.: 

B COOTBeTCTBIIII C nporpaMMOH noBbillleHID! 3HeprIIII II CBeTHMOCTII 

T3aarp0Ha B RUN II cymecTBeHHO Mo,nepHmHpoaaHa CIICTeMa 

CUIIHTHnnHUH0HHblX cqerqIIKOB MlOOHHOfO rpI1rrepa YCTaHOBKII CDF II BO 

<l>HAJI: Ha 60% )'Ben~eH ee aKcernaHc. 3To .nocTH)l(eHI1e o6ycnoaneHo 

co3,naHI1eM HaMII II BKnIO'leHileM B COCTaB cneKrpOMerp~eCKOro KOMIIJieKca 

CDF II 6onee 650 KpynH0Macmra6m,1x CUIIHTHnnHUHOHHbIX cqerqIIKOB c 

061IleH IIJioma,nblO 6onee 300 M2
, B TOM 'IIIClle 608 cqerqIIKOB C 

OilTOBOll0KOHHl,IM C1>eMOM CBeTa (mroToBneHHbIX n OIUIH); 06ecnetieHI1eM 

CIICTeMOH ynpaaneHID! II KOliTp0nH 6onee 'leM 1140 CUHHTHnllHUHOHHbIX 

cqerqIIKOB ycTaHOBKII CDF II. 

,lvIH BblnonHeHID! I1ccne.noaaTen1,cKOH nporpaMMbI CDF II npII B03pocmefi 

CBeTHMOCTII T3aarpoHa (.no 2xl0
32 

CM"2c"1 II Bblllle), B KOTOp0H rpe6yeTCH 

H.neHTH<l>I1KaUID1 3lleKrpOHOB II <t>oTOHOB, C03,naH HOBblH npI16op - 2600-

KaHanbHbIH ro,nOCKOn~eCKHH CUHHTHnnHUHOHHblH npeKOHBepTOp c o6meu 

IIJioma,n1,10 6onee 40 M
2 

c )'Ben~eHHbIMII Ha nop,i.noK 61,1crpo.neficTBI1eM II 

cerMenrauI1efi no ncea.no6blcrpoTe B cpaaHeHHII c paHee CYIIleCTBoaaamefi 

CIICTeMOH, npilro,nHOH .ll)IH IICil0Ilb30BaHID! npII CBeTHMOCTII MeHee I 032 CM0 

2 -1 
C • 

IIpoae.neH UHKn I1ccne.noaaHI1il II nonyqeHbI paHee 0TcyrCTBoaaamI1e 

CBe,neHID! no crapeHHIO CUHHTHnnHUHOHHbIX cqerqHKOB ycTaHOBKII CDF II: B 

ycnOBHHX peanbHOrO 3KCnepHMeHTa H IIHTerpanbHOro yqeTa MHOrlIX 

<t>aKTopoa, BilHHIOIIllIX Ha .nerpa.naUHIO CUHHmnnHUHOHHOH IIJiaCTIIHbl, 

ycraHoaneHo CTaTIICT~ecKH .nocToaepHbIM cnoco6oM, qTo 

CUHHTHnnHUHOHHbie cqerqIIKII Ha OCHOBe IlOllHBIIHHnTonyona crapeIOT a 2 

pa3a 6blcrpee, tieM cqerqIIKII m nonIICTHpona aHanor~HOH reoMerpI1I1. Ha 

OCHOBaHHH HallllIX nccne.noaaHIIH KOnna6opaUID1 HMeeT MOTIIBHpOBaHuyio 

nporpaMMY 3aMeHbI TepHIOIIllIX 34>4>eKTI1BHOCTb cqerqHKOB, 

I1cnonb3YIQIIlHXCH Ha ycrnHOBKe CDF c 1992 r. Eonee TOro: noKa3aHo, qTo 

mroTOBneHHbie HaMII B OlUIH nonilcmponbHbie cqeTqHKII HOBOro 
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IlOKOneHIDI Moryr 6bITh HCilOllh30BaHbI .nrui: Ha6opa CTaTHCTHKH 6e3 

3aMernoro yMeHbllleHIDI 3<p<peKTHBHOCTH )J.0 20 IO r B ycnOBIDIX T3BaTpOHa. 

Ilpe)lnO)KeH H 3KCnepHMeHTilnbHO anpo6HpOBaH HOBhIU MIOOHHhlll TpHrrep 

1-ro ypOBIDI B o6naCTH l.0<1111<1.25, Heo6XO)lHMOCTh B KOTOpOM B03HHKna B 

CBH3H C IlOBblllleHHeM CBeTHMOCTH T3BaTpOHa. 3THM )lOCTHraeTCH 

cymecTBeHHoe (6onee 10%) ysenlI'IeHHe KOnlI'IeCTBa orottpaeMhIX co6hITHii 

C MIOOHaMH B KaqecTBe CHrHaTYPHOU (TpHITepHoii) qacrmu,1. 

ABTOp 38lllHlllaeT: 

I. Pe3ynhTaThl 3aBepllleHHOro KOMnneKca pa3pa60TOK H Hccne)lOBaHHU, 

BhmonHeHHbIX C ueJiblO C03)laHIDI, BHe)lpeHIDI H npHMeHeHIDI CHCTeMbl 

CUHHTHJinHUHOHHhIX )leTeKTOpOB B MIOOHHOM KOMnneKce H HOBOM 

npeKOHBeprope CDF II B npoBOJlHMhIX Ha T3BaTpoHe <l>HAJI 3KcnepHMeHTax 

no !pH3HKe BhICOKHX 3Hepmii (mMepeHHIO Mace t-KBapKa H W-6030Ha, H .llP ). 

2. Pe3yJihTaThl Hccne)lOBaHIDI )lOnroBpeMeHHOU 3<p<peKTHBHOCTH MIOOHHhIX 

CUHHTHJIJIHUHOHHhIX cqe~HKOB YCTilHOBKH CDF II. 

3. Pe3ynhTaThI Hccne)lOBaHIDI HOBOro MIOOHHOro Tpttrrepa 1-ro ypOBIDI B 

o6naCTH l .0<1111<1.25 B ycnOBIDIX nOBhIIlleHHOU CB.eTHMOCTH T3BaTpOHa. 

Anpo6aum1 pa60Thl n ny6nnKaunn. OcHOBHhie pe3ynhTaThI pa60Tu1 

.llOKna)lhIBanllCh Ha HayqHO-MeT0)llI'IeCKHX ceMHHapax Jla6oparopHH }l.uepHb!X 

Ilpo6neM O61>e.llHHeHHoro 11Hcnrryra }IJJ.epHhIX 11ccneJJ.OBaHHii (MII 011}111), 

peryn».pHhIX COBeIUaHIDIX MIOOHHOU rpynllhI CDF, Me)l(JlyHap0JJ.H0M CHMil03ttyMe 

no H,UepHbIM Hccne)loBaHIDIM H KOH<pepeHUHH no Me,UHUHHCKHM npttn0)KeHIDIM B 

PIIMe (2004 r.): OHR ony6nHKOBaHhI B BR.Ile *YPHanhHhIX CTaTeii tt H3)laHHU 

<l>HAJI H 011}111. 

IlpHCY*.lleHa nepBrut npeMIDI 011}111 (2006) 3a UHKn pa6oT no 

cuIIHTHJIJIHUIIOHHhIM JJ.eTeKTopaM MIOOHOB ycmHOBKH CDF (N23147) H BT0prut 

npeMIDI 3qA}I no HT0raM K0HKypCa ny6nttKaUHii B *YPHane "IlttChMa B 3qA}I" 

3a 2005 roJJ.. 

B )lHCcepTaUHH o6o6meHhI pe3yJihTaThl pa6oT, Bhin0JIHeHHbIX aBropoM B 

1999-2006 rr. B MII 011}111 H B HaUHOHanhHOii YcKopHTenhHoii Jla6oparopHH 

HM. <l>epMH (<l>HAJI). 
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CTpyKTypa llHccepTau1111. .[{11ccepmUID1 cocToHT m BBeJJ.eHIDI, qeTu1pex 

rnaB II 3aKn10qemU1, B K0T0pOM npHBO)lHTCH 0CHOBHhie pe3ynhTaThl. 

COJ(EPJKAHHE PAliOTbl 

Bo BBellCHIIH nOKa3aHa BU)KHOCTh H aKTYanbHOCTh pa60Tu1, 

cqiopMynttpoBaHh1 ee uentt, nepeqttcJieHb1 BhIHOCHMhle Ha 3aIUHTY pe3ynhTaThl, 

no.uqepKHyThl HX HOBH3Ha H npaKTII'IeCKrut ueHH0CTh. 

B nepnou mane npttBO.llHTCH o6mee onttcaHHe ycKopHTenhHoro K0MnneKca 

T3BaTpoH H ycmH0BKH CDF, B C03JJ.aHHH pH.Ila KnJOqeBhIX Y3JI0B K0Topoii asrop 

npHHHMan HenocpeJJ.CTBeHH0e yqacrtte. .[{aeTCH nporpaMMa OCH0BHhIX 

qimttqecKHX ttccneJJ.oBaHttii Ha JJ.aHnoii ycTaHOBKe B paMKax RUN II. 

Y CTaHOBKa CDF HBnHeTc». JleTeKTopoM o6mero HaJHaqeHIDI H 

cnpoeKTIIpOBaHa )ln,t myiieHIDI npOTOH-aHTHnpOT0HHhIX CTOJIKHOBeHHU Ha 

ycKOpHTene T3BaTpOH B <l>epMttna6e • 

IlOBhIIIIeHHe IlOJIHOU 3HeprHH B CHCTeMe ueHTpa Mace CTanKHBaIOIUHXCH 

'laCTHU C 1.8 T3B JlO 1.96 T3B, CBeTHMOCTH C 2.5xl031 CM-2c·1 JlO 3xI032 CM·2c"1 

(BRUN I H RUN II cooTBeTCTBeHHo), a TaIOKe JJ.anhHeiiI1Iee ycoBepI1IeHCTBOBaHHe 

.ueTeKTopoB H ysenlI'IeHHe aKceTITaHca ycmHOBKH CDF TI03BOnttntt pe3KO 

yBenlI'IHTh Ha6ttpaeMYJO CTaTHCTHKY. B HCCJie)l0BaTeJibCKOU nporpaMMe Ha 

YCTaHOBKe CDF II M0)KIIO BhI)leJIHTh CJieJJ.YIOmHe HanpaBneHIDI, OTHOCHIUHec,i K 

'IHCJIY oco6o 3Ha'IHMhIX npo6neM C0BpeMeHH0U !pH3HKH BhICOKHX 3Heprnii: 

• myqeHIIe CB0UCTB t-KBapKa, H3MepenHe MaCCbl t-KBapKa C BhICOKOU 

• 
• 

TO'IHOCThIO; 

H3MepeHHe Macchi W-6030Ha C BhIC0KOU TOqH0CThIO; 

IlOllCK qaCTIIU Xttrrca H T.)l. 

YcTaHOBKa CDF (puc. 1) HMeeT BhIC0KOT0qH)'IO CHCTeMY perncTpaUHH 

3ap».)KeHHhIX qacn1u, KanopHMeTplI'IeCKYJO CHCTeMy BhICOK0U rpaeynHpHOCTH H 

CHCTeMy )leTeKTHp0BaHIDI H H.lleHTH!pHKaUHH MIOOHOB. 

HenocpeJJ.CTBeHHO BOKpyr BaKyyMHOU KaMepbI, r)le npOHCX0)J.HT 

CTOJIKHOBeHIDI npOT0H-aHTHnpOT0HHhlX TiyqKOB, pa3MemeH KpeMHHeBhlii 

BepIIIHHHhlii .ueTeKTOp, no3B0JIHIOIUHU BeCbMa ToqHo peK0HCTpyttpoBaTh TpeKH C 

ueJihlO IlOHCKa B TpHrrepHOM pe)KHMe BTOplI'IHhlX BepIIIHH OT pacna)la 

KOpOTK0)KHBYIUHX qacTHU C T,t)KfJihlMH KBapKaMH. 
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3a KpeMHHeBI,IM Bepunrnm,1M .11.e-reKTopoM paenono,KeHa uempam,Hru1 

ra30BWI -rpeKOBWI eHCTeMa, KOTOpWI no3BOJUleT BOeCTaHaBJIHBaTI, -rpaeKTOpHH 

pemc-rpnpyeMLIX qaCTHU. OHa BMeCTe e KpeMHHeBLIMH .11.e-reKTopaMH o6pa3yeT 

e.11.nll)'IO -rpeKoByi<> enCTeMY. 

:'::',::::•:::::'::'::..;T;~·.:;::'-'::::::.-.-?~v~CTb 
>::,-' ! ' 1 ~~E 1/"~ ~ CTNWblEIW,Tbl 

-T-:-----~.--0'"":"7·~-::--:.-t:::l~i ' ~ llllJSlll MKXlHHblEAPEJi.<OOWE 

/:. --· --<-· ---<-<[ 1r~ / · 1/, • ,:..,_ ~ ::··-·-:-·--j~ .. . - ~~-H~~I - ~ mmgr,~ 
.,._ !;__:,____ ~, ~ ~ c;:;:;; c:;; a • 1.,-- ~ArlbHASf MIOOHHAfl QCTEMA 

nEPE;:.11'15' 
MIOOHHAR -----'· 
01C'!E~.A 

. ; ; ,,, ,· JDJ.. 
~ "AP(ll-HM KA!1CP11METP 

"""""' 3fEKTP()MA0<'1THblH 
......, KAl10Pl1METP 

~AIJoHAfl rA30BAll 
-~ TPeJ((llWI OtCTEMA 

nPOMEll<YTO-K,I'-< 
_. t<PEMl-l1EBbl~ l]ETEKTOP 

~~~~----=--==-==_,i., ;---- ~~""1A--"TEKTOP 

0611ACTb CTOllKHOBEHI-IH /L C .. ,,.,dLeo.= 

;, · ~JI_ "f iiiiii'i•;~l ~~"~ ~ I. '---,~' , =""=,, • 
1/fti ~~-r'liipi.l:,l~N ~~-~•--= &;:,~THJ 
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Puc. 1. Ycra11oeKa CDF B p33pe3e. 

E.11.HHWI -rpeKOBWI enCTeMa yeTaHOBneHa BHYTJ)H eBepxnpoB0.11.HIUero 

eoneHOH.!laJibHOrO MarHHTa pa3MepaMH 1.5 M no pa.nuycy n 4.8 M .!lJIHHOll, 

KOTOpblll eo3.11.ath' none BennqHHOll 1.4 Teena (MaKeHMaJibHWI BennqnHa -

1.5 Teena) napaJIJienLHO nyqKY qaeTHU B none3HOM o6'bt!Me pa.nnycoM 1.4 M H 

.!lJIHHOll 3 .5 M. 
3a eoneHOH.11.0M paenono,KeHa KaJIOpHMe-rpnqeeKWI CHeTeMa. C et! noMOIULK} 

onpe.11.emrnn 3Heprnn H KOOP.11.HHaTbI 3neK-rpOHOB, q>OTOHOB, a.11.poHOB, a TaIOKe 

e-rpyii. KanopHMe-rpnqeeKWI encreMa COCTOHT H3 OT.11.enLHLIX 3neK-rpoMarHHTHl>IX 

H a,!lpOHHl>IX KaJIOpHMeTJ)OB . 
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MI-OOHHWI eneTeMa llBJUleTell npHHUHnHaJibHO Ba)KHOll qaeTbl-0 yeTaHOBKH 

CDF II H coeTOHT H3 euHHTHJIJillUHOHHI,IX eqtJTqHKOB H .11.peiiq>OBbIX KaMep. OHa 

ycnoBHO .11.enHTell Ha HeCKOnbKO OeHOBHbIX qaeTeii. QeHTJ)aJibHWI MI-OOHHWI 

CHCTeMa COCTOHT H3 .11.peiiq>OBblX KaMep, paenono,KeHHbIX no OKp~HOeTH 3a 

uempaJibHblMH KaJIOpHMe-rpnqeeKHMH KJIHHbllMH. TTepe.ll.Hllll MI-OOHHWI CHCTeMa 

COCTOHT H3 nap ,Kene3Hl>IX TOPOH.11.0B, npoenoeHHblX .11.peiiq>OBbIMH KaMepaMH H 

CUHHTHJIJillllHOHHbIMH cqtJTqHKaMH. QempaJibHWI MI-OOHHWI Mo.nepHH3HpOBaHHWI 

qaeTL COCTOHT H3 .11.peil:q>OBbIX KaMep C paenono,KeHHLIMH 3a HHMH 

CUHHTHJIJillllHOHHbIMH cqt!TqHKaMH 6onLIIIOii .!lJIHHbl. TaK Ha3bIBaeMoe 

«ueHTJ)aJibHOe MI-OOHHOe pacIIInpeHHe» .no6aBneHo .II.Jill yBennqeHHll 

reoMe-rpnqeeKoil: 3q>q>eKTHBHOCTH .11.eTeKTHpOBaHHJI MI-OOHOB. 

CneTeMa c6opa .11.aHHl>IX yeTaHOBKH CDF II cnoeo6Ha npHHHMaTL Bxo.wi:myio 

HHq>OpMaUHI-O OT ,!leTeKTopoB e qaCTOTOll .!lO 1.7 Mru. TpexypoBHeBall CHCTeMa 

TpnrrepoB n03BOnlleT CHH3HTb KOHeqH)'IO qacTOTY 3annen Ha nOCTOllHHblll 

HOCHTenL ,!lO 50 fU. 

CneunanLHoe pa3pa6oTaHHoe nporpaMMHoe o6eeneqeHne ocymecTBnHeT 

MOHHTOpnpoaaHHe H KOH-rponL .11.eTeKTOpOB ycTaHOBKH B pe,KHMe peanLHoro 

BpeMeHH npn Ha6ope ,!laHHl>IX Ha T3Ba-rpoHe. 

Bo BTOOOH rJiaBe OnHCLIBaeTell CHCTeMa MI-OOHHLIX CUHHTHJIJillUHOHHbIX 

cqeTqHKOB ycrnHOBKH CDF, a TaIOKe opraHH3allllll c6opa .11.aHm,1x, ynpaaneHne 

napaMe-rpaMH, onepaTHBHl>Ill KOH-rpOnb H MOHHTOpnpoBaHne CUHHTHJIJUIUHOHHblX 

cqeTqHKOB. IlpHB0.11.HTCll pH.II. cymeeTBeHHl>IX q>H3nqecKHX pe3ynLTaTOB, 

,!lOCTHrttyThIX e yqacTHeM MI-OOHHoro -rpnrrepa. 

MI-OOHHblll KOMilJieKC (MK) nrpaeT IlpHHUHnHaJibH)'lO ponb Ha yernHOBKe 

CDF II. CunHTHJIJillllHOHHL1e eqtJTqHKH n .11.peiiq>oBLie KaMepLI MK ncnonL3)'10TCll 

npn 4>opMnpoBaHHH -rpnrrepoB n B "off-line" aHaJIH3e npn oT6ope n 

uccne.11.oaaHHH IIIHpOKOro Kpyra npOTOH-aHTHnpoTOHHbIX B3aHMO.!lellCTBHH, r.11.e, 

no ycnOBHllM 3KenepHMeHTa, O,KH.11.aeTell pO,K.IJ.eHne MI-OOHa. 

MrooHHall cneTeMa yeTaHOBKH CDF II BKJII-OqaeT cunHTHJIJillUHOHHLie 

cqeTqHKH H .11.peiiq>OBLie KaMepLI. 

MI-OOHHbie CUHHTHJIJillUHOHHLie eqeTqHKH noKpLIBaI-OT o6naCTb 

IICeB,!l06Lie-rpoT O < 1171 < 1.5 H crpynnnp0B3HI,I B ene.!l)'lOmne oeHOBHbie 

no.11.cneTeMbl (pnc. 2): 
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• 

• 

Mo.11.epHH3ttpoBaHHblii QeH'fl)aJibHblii MlOOHHblii CuttHTllJIJUIUUOHHbiii 

,!l;eTeKTop -cqeTtittKtt CSP
2 

B ttHTepaan:e O s 1771 s 0.6; 

PacrnupeHue QeH'I'paJlbH0ro MlO0HH0r0 CUHHTUJIJUIUll0HH0ro ,!l;eTeKT0pa -

cqeTtIHKll CSX3 ll cqeTtIHKll CSX «miniskirt» (MSK) B UHTepBan:e 

0.6::,; 1771 :S; 1.0; 

CuttHTillIJUIUH0HHbie cqe'flittKtt Ilepe.11.Heii M100HH0ii CucTeMLI IMlJ4: 

cqeTtittKtt BSU, 06nera10mue TOp0ll.11.bI, u cqeTtittKH TSU Bttyrptt Topou.11.oB B 

uHTepBan:e 1.0 S 1771 S 1.5. 

8ocTOK 
(East) 

Puc. 2. CuCTeMa MIOOHHbIX CUUHTHJIIDIUHOHHLIX 
cqe-TqHKOB ycrauoBKH CDF II. 

O6mee KonuqecTBo 

MlO0HHblX CUHHTHJLlUlUlf0HHbIX 

cqeTtiuKoB Ha CDF II 
npeB0CX0,ll.llT 1140 IIITyK. 

Mcn0Jib3YJOTCJI cqe'flIHKll pa3HbIX 

TUil0B co CneM0M CBeTa: C 

noM0ill:blO nJieKcurnacoBoro 

CBeTOB0,ll.a (T. H. «CTapbie» 

cqt!TtIHKH), C Il0M0W:blO 

cneK1p0CMema10mux B0JI0K0H 

(T. H. cqt!TtIUKll H0Boro 

IlOKOJieHttll) u C0BMew:aromue o6a YKaJaHHblX cnoco6a (T. H. 

«Mo.11.epmnupOBaHHbie» ). M100HHL1e CUUHTllJIJIJIUtt0HHbie cqt!TtittKtt CDF II 
pa3.11.eJIJ1lOTCJI Ha .II.Ba BU.II.a no Tttny IICil0Jib3YeMbIX 4>0TOYMHO)KUTeJieii (<l>3Y): 

cqeTqUKll co C'beM0M CBeTa nJieKcurnac0BbIM cBeT0B0,ll.0M u 6oJibIIIllM <l>3Y; 

cqeTqUKll co C'beM0M CBeTa cneK'fl)0CMew:a10mttMll B0JI0KHaMU ll 4>0ToCeHcopoM 

Ha 0CH0Be MIIHttaTlOpHblX <l>3Y. 
CqeTtIUKll co Cl>eM0M CBeTa npu Il0M0IUll IlJieKCttrnacoBoro CBeT0B0,ll.a " 

<l>3Y c .11.uaMe'fl)0M 4>0TOKaTo.11.a 51.M.M - EMI 9814B (npoll3B0.ll.CTBa Electron 

Tubes Inc., BenuKo6pHTaHllll) - 3T0 BCe cq!!'flIHKH CSX, MSK u CSP Wall. 

Mx IlUTaHUe ocyw:ecTBJIJleTCJI OT BbIC0K0B0JibTHblX llCTQqHIIK0B
5 

qepe3 

pa3BeTBttTeJiu «Pisa Box»
6

• 

2 CSP - Central Scintillator upgrade. 
3 CSX - Central Scintillator extension. 
4 IMU - Intermediate Muon Upgrade, BSU - Barrel Scintillator Upgrade, TSU - Toroid 

Scintillator Upgrade. 
5 Gamma Power Supply o6ecnequBaeT .uo 3000 B BLIXO.UHoro HanpJ1lKeHID1 npH cHne TOKa 
JlO 75 MA (npoH3BO.llCTBO Gamma High Voltage Research Inc., CIIIA). 
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B RUN II uaMu BBe.11.eHa B coCTaB CDF 0TCYTCTB0BaBIIIaJI B RUN I cucTeMa 

HaC'I'pOiiKH " K0H'fl)0JIJI pa3BeTBUTeJill BbIC0Koro HaIIpJl)KeHUll «Pisa Box», 

Il03B0JIUBIIIaJI C0KpaTUTb BpeMJI HaC'fl)0iiKU Hanpl!)KeHUll .11.0 HeCK0JibKUX ceeyH.11. 

Ha Kanan:, TeM CaMbIM B .11.eCJITKll pa3 YMeHbIIIUB Bpl'MJI HaC'fl)OiiKU " K0H'fl)0Jill 

BblC0K0ro uanpJl)KeHUll rpynn1,1 CTapbIX CUUHTllJIJI.lUH0HHblX cq!!'flIUK0B B 

cpaaueuuu c pyqHLIM cnoco6oM ynpaBJieHllll, npaKTttKoBaBIIIHMCH B RUN I. AAA 
:noro HCil0JibJ0BaH cneuuaJibHblii UHTep4>eiic-KOMMYTaTOp (T. H: «Pisa Driver» 

npomBo.11.cTBa CAEN) CTaH.D.aprn KAMAK, KOTOpb1ii nocpe.11.cTB0M SCSI

K0H'fl)0Jiepa Jorway Model 73A o6ecnequBan: CBJ13b Me)K,ll.y K0MilblOTepoM u 

paJBeTBHTeJieM (pnc. 3, 4). 

3KenepMM8HT8J1bHb1M , .. 
c~i!'NMKM CSP Wal 

3ia:nept1M8tflWlbHblil'Jllll 

CSXlnt.mlilc"ll'NIM 

CLIM~~ 

CSXEJrt.malc,.I~ 

413yC~" 

Puc.3. CxeMa no.uaqu 
Bb!COKOro HanplllKeHID! " 
CHCTeMa cqHTLIBaHHJI .llIDI 
CUHHTHJIJIJIUHOHHMX 
cqmHKOB CSP Wall c 
KnaccHqecKHM <1>3 Y. 

PHc. 4. CxeMa nO.UKJIJOqeuID! 
cq!!TqHKOB CSX " CBJ13aHHbIX 
C HHMH MHHTaiiMepoB, 
3aJleiiCTBOBaHHaJI Ha 
ycraHOBKe CDF II. 

B C0J,llaHHbIX HaMH CUHHTllJIJIJIUII0HHbIX cq!!'flittKax H0Boro Il0K0JieHUll (CSP 

Top u Bottom, BSU, TSU
7
) CBeToc6op npomB0.llllTCJI cneK1p0CMema10mIIMH 

B0JI0KHaMH u 4>0TOCeHcop0M H5783 Ha 0CH0Be MllHUaTlOpHoro <l>3Y R5600 

(<l>ttpMbI Hamamatsu). 

6 «Pisa Box» (npOH3B0)lCTBa CAEN, JiTaJIHll) MOlKeT O)lHOBpeMeHHO CHa6lKaTb BblCOKHM 
uanplllKeHHeM .uo 40 <l>3Y c MaKCHMaJILHl,IM BblXO.llHLIM TOKOM .uo 2 MAIKaHaJI H c 
TO'IHOCTblO q>HKCaUHH 3Ha'leHHJI B1,JXO)lHOro HanplllKeHHJI nyqIIIe 0.1 %. 
7 Cqe-TquKH TSU 6bIJIH H3fOTOBJieHbl HaIIIHMH KOJIJieraMH B YHHBepcHTeTe IIITaTa 
MutJHraH (ClllA). 
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,[(m1 ynpaBneHIUI <t>ornceHcopoM H5783 npHMO Ha C'l~HK ycTaHOBneH 

npeeycumrrenb-<l>opMupoBaTem, - P AD8 (puc. 5). OH noJBOAAeT ynpaBnHTb 

BbICOKBM HanpHmeHueM Ha <l>3Y, a TaIOKe ycrnrnBaTb u oT6upaTb no 

perynupyeMoMy nopory utt4>opMau.mo OT <l>3Y. ,lJ;anee .!lJIH opraHmamm paHee 

OTCYTCTBOBamnero uettTpanmoBaHHoro ynpasneHIUI u C'beMa uH<iJopMaunu 

Kam,LU,IH c11eT1IHK noiumID11unu K cneUBanmupoBaHHOMY pacnpe.u.enmemo

npueMHHKY (CCU
9
), ynpaBneHue KOTOpbIM npomBO.ll.HTCH 11epe3 CTaHJJ.apTHbIH 

COM-nopT. Bcero 3a.u.eiicTBOBaHo 20 TaKBX pacnpe.u.enmeneu:-npueMHHKOB, 

KOTOpbie o6cnymBBaIOT .ll.0 700 CUBHTBnAAUllOHHblX C'leT'IHKOB. 

3KcnepMMeHTIIRbHblM 

3an 

C'IBT'IMK 

Puc. 5. CxeMa IlOJla''IH Bb!COKoro HanplllKeHIDI u CHCTeMa C'IHTb!BaHIDI JlJUI 
CUHHTHJJJUIUHOHHbIX C'leT'IHKOB co C'beMOM CBeTa npu IlOMOIUH cneKTPOCMemruomux 

BOJJOKOH u 4JornceHcopoB Ha OCHOBe MHHHaTI0pHblX <I>3Y. 

B 'IHCJie cymecTBeHHblX pe3yJibTaTOB BblilOnHeHHblX npu aKTllBHOM yqacTHH 

aBTOpa HOBblX pa3pa60TOK, B .u.aHHOH rnaBe YKaJblBaIOTCJI cne.u.yromue: 

• IIporpaMMa «MuonMoniton>, pa3pa6oTaHHaH u cOJ.U.aHHaH Ha ocHoBe 

nporpaMMHoro naKeTa Visual C++ u Visual Basic OT <l>npMbI Microsoft, c.u.enana . 

BOJMOmHbIM ynpaBneHue pa6ornii Bcex CCU u Pisa Box YCTPOHCTB. CoJ.u.aHa 

paHee OTCYTCTBOBaBlllaJI 3JieKTPOHHaJI 6aJa .u.aHHbIX no OCHOBHblM napaMeTPaM 

CUBHTBnAAUHOHHbIX C'leT'IHKOB (HanpHmeHue IlJlaTO, noporoBoe HanpHmeHHe 

.ll.HCKplIMHHaUBH, pacnOJIO,KeHHe u HH.ll.llBH)zyaJibHblH HOMep u T • .u..), o6paIUaHCb K 

KOTOpoii, nporpaMMa «MuonMoniton> MO,KeT CaMOCTOJITeJibHO BblCTaBAATb 

Ja)laHHbie BblCOKHe HanpH,KeHIUI " ypOBHH noporOB Ha JlHCKplIMHHaTOpax. 

8 PAD - PMT Amplifier and Discriminator. 
9 CCU - Control and Concentrator Units. H:cnoJJb3Yll CCU MOlKHO nonauaTb HanpJ1lKeHue 
Ha 48 P ADoB, OJlHOBpeMeHHO npuHHMall c HUX HH4lopMaumo a 3CJ1-CTaH)lapTe JlJUI 
nam,Heiirneii ee o6pa6oTKH u nepena•m Ha upeMJ1-uu4Jpouoii npeo6paJoBaTeJJb (TDC). 
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• COJ)laHHaJI Ha OCHOBe nporpaMMHOro o6ecne'leHIUI iFIX10 nporpaMMa 

«MuonMain», paHee, .u.o Haqana HawBX pa3pa6oToK, OTCYTCTBOBaBwaH Ha CDF, 

umerpupoBaHa B rno6anhHYIO cncTeMY KOHTPOJIJI u B pemuMe peanbHOro 

BpeMeHH KOlITpOJIHpyeT Ja,ll.aHHbie napaMeTPbl MIOOHHblX CUHHTllJIJIJIUllOHHblX 

C'leT'IHKOB. Kam,LU,re 15 MHffYT B Te'leHue 30 ceKYH.ll. npoucxo.u.m 

MOHHTOpupoBaHne BbICOKOro HanpHmeHIUI ... 1200 <l>3Y n noporoB 551 
npeeycunuTeJIH. 

• KpoMe BbIWeonucaHHbIX nporpaMMHbIX peweHHH npHMeHHeTCJI BCTPOeHHaJI 

B rno6anbHYIO cucTeMY KOlITpOJIH CDF cucTeMa onepaTBBHoro KOHTPOJIH 

cocTOHHHH OT.U.eJibHbIX ycTPoiicTB: pacnpe.u.enmeneii-npueMHHKOB CCU, 

llCTO'lHHKOB BbICOKOro HanpHmeHIUI, paBeTBHTeJieii Pisa Box, Bcex 

JaJleHCTBOBaHHbIX KAMAK KpeiiTOB, 6aJHCHoro KOMnbJOTepa KOHTPOJIH u 

ynpaBneHIUI. 

• Pa3pa6oTaHHOe nporpaMMHOe o6ecne'leHue .D.AA KOHTPOJIJI .ll.OJiroBpeMeHHOH 

CTa6BnbHOCTH napaMeTPOB C'leT'IIIKOB nOJBOAAeT BblJIBJIJITb OT.U.eJibHbie JIII6o 

rpynny C'leT'lHKOB C HH3KOH 34J<l>eKTHBHOCTblO. PncyuoK 6 llJIJIIOCTPIIpyeT 

Jq>q>eKTHBHOCTb c'leT'luKoB CSP Wall, nonyqeHHYIO cpaBHeHueM KOJIH'lecTBa 

cpa6aTbIBaHHH C'leT'IHKOB n TPeKOB, npoBe,ll.eHHbIX B COOTBeTCTBYIOIUHX 

npettq>OBbIX KaMepax CMP/CMU. B cnyqae Ha6n10.u.eHIU1 HmKoii J4lq>eKTIIBHOCTH 

C'leT'lHKOB onpe.u.eJIJIIOTCJI npH'lHHbI HeucnpaBHOCTeii " YCTPaHHIOTCJI. 

CSP Wall, Ceeepo-3arJaAKa.R CTeHJ.8. 
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PHc. 6. 3<p<peKTHBHOCTu C'leT'IHKOB CSP Wall. 

,lJ;JIH onepaTIIBHOro 

KOHTPOJIJI CTa6BnbHOH pa60Tbl 

CUllHTllJIJIJIUllOHHblX C'leT'IHKOB 

Mbl HCnOJih3yeM nOCTOJIHHO (B 

Te'leHue ceaHca Ha6opa 

.U.aHHbIX) 

.ll.ByMepHbie 

Ha6upaeMb1e 

rHCTOrpaMMbl, 

H306pamaIOIUlle KOJIH'leCTBO 

cpa6aTbIBaHHH C'leT'lHKOB Ha 

JanycKu rno6aJibHOro TPHrrepa 

ycTaHOBKH CDF. KaK npaBuno, 

ll3MeHeHIIe 

( crn6unbHoro) 

npIIBbl'lHOro 

06pa3a 
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iFix - JJHUeH3HOHHbIH naKeT nporpaMM 4JupMbI «Intellution» 
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ntcTorpaMMbl 03HallaeT HencnpaBHOCTb B ClleTtJUKe rum ycrpOHCTBax, CBJl3aHHbIX 

CHUM. 

BhnIIeonucaHHhie MepbI o6ecnetJUJIH no.rmep)KaHne cra6UJihHOil 

'.HptpeKTHBHOH pa60Tbl CUHHTUJIIlJIUHOHHbIX CtJeTtJHKOB MIOOHHOH CHCTeMbl CDF 

II B JlJJBTenbHbIX ceaHcax Ha6opa !pH3BlleCKBX ,D,aHHbIX. 

C03,llaHHblH annaparno-nporpaMMHbIH KOMnneKC c6opa ,D,aHHbIX, 

ynpaBneHBll HeKOTOpbIMU napaMerpaMH, onepaTHBHOro KOHrpOnJI H 

MOHHTOpupoBaHBll 6onee 1140 CUHHTUJinJIUUOHHblX .ueTeKTopoB o6ecnetJHBaeT 

3cpcpeKTBBHOe cpyHKUHOHHpOBaHne CUUHTUJinJIUHOHHbIX CtJeTtJUKOB MIOOHHOro 

Tpnrrepa CDF II npu Ha6ope !pH3BlleCKBX ,D,aHHbIX B npOBO,D,HMOM Hb!He Ha 

T3BarpoHe ceaHce RUN II u BHec Ba)KttyIO nemy B nonyqeHne Ba)KHbIX HOBhIX 

pe3ynhTaTOB npHHUHnHanhHOrO HayqHoro 3HalleHBll no !pH3HKe C, b, t - KBapKOB, 

B~ - BJ- CMernnBaHBIO, npoBepKe CM u T.,D,. B qacTHOCTB, cpe,D,u pe3ynhTaToB 

no.uo6Horo Knacca, .llOCTHrHYThIX C npnMeHeHHeM C03,llaHHbIX ,D,eTeKTopoB 

MIOOHHOro KOMnneKca CDF, 0./lHH H3 Han6onee TOllHbIX H3MepeHHH MaCCbl TOn

KBapKa M10P= 173,5~~'.~ (stat.) f3B/c
2 

u M,0µ=170.1 faB/c
2 

± 6.0(stat.) ± 4. l(syst.) B 

T.H. Mo.uax "nenTOH+crpyu" u ".uUJienTOH" COOTBeTCTBeHHO, Han6onee TOllHOe 

H3MepeHne Macchi W-6o3oHa Mw= 80413±48 (stat.) M3B/c
2 

u .D.p. B nonyqeHnn 

3T1IX pe3ynhTaTOB onpe,D,enllIOmyIO ponh urpana BbICOKaJI 3cptpeKTHBHOCTb 

perncrpauuu 3neKrpOHOB (.D.O 96 %) H MIOOHOB (.D.O 90 %). 

B TPCTbeii rJiaBe onHChIBaeTCJI npHHUHn pa60Tbl, TeXHOnorlfll c6opKH, a 

TaK)Ke uccne.uoBaHne OCHOBHbIX napaMerpoB 6onee 600 H3fOTOBneHHblX B 

Ol15IH 11 CUHHTUJIIlJIUHOHHbIX CtJeTtJHKOB HOBOro noKoneHBll - c TeXHHKOH c6opa 

CBeTa cneKrpOCMeIIIaIOIIIHMH BOilOKHaMH Ha OCHOBe yKpaHHCKOro 

cunHTUJinllrnpa UPS 923A, BnepBbie npnMeHeHHhIX B Konnail.D.epHbIX 

3KCnepnMeHTaX, Ii 60 H3fOTOBneHHblX BO «l>HAJI MIOOHHbIX CUHHTUJinJIUHOHHbIX 

Cl!eT'IHKOB c KnaCCBlleCKHM MeTO.llOM c6opa CBeTa nneKcurnacOBbIMH 

CBeTOBO,llaMH Ha OCHOBe IllHpOKO H3BeCTHOro npOMbIIllneHHOro CUHHTUJinJITOpa 

NEI 14. BHe.D.peHne B cocraB ycrnHOBKH CDF 3TBX ctJeTtJHKOB pa.D.nKanhHO, Ha 

60%, yBenttl!UJIO aKcenTaHC MIOOHHOro KOMnneKCa. TaK)Ke npnBe,D,eHbl 

peJyJJhTaThI Harnnx nccne.uoBaHnil BJJBllHBll npouecca ecTeCTBeHHoro cTapeHBll 

11 
3TOT KOMnJieKC Mep ocymeCTBJIJIJICJI rpynnoli, PYKOBO,llHMOH 

11.E. 4npHKOBLIM-3opHHblM 

12 

Ha CBeToc6op CUHHTUJinllUHOHHbIX ClleTtJHKOB, llTO C,D,enano B03MO)KHb!M 

nporH03HpOBaHne ,D,OnroBpeMeHHOH 3cpcpeKTHBHOCTH BX HCilOilb30BaHBll B 

ycnOBBllX T3BarpoHa. 

OmoBOnOKOHHhlii CbeM CBeTa (puc. 7) HMeeT Ba)KHb!e npenMyIIIecTBa B 

cpaBHeHHH c KnaCCBlleCKHM MeTO,D,OM c6opa CBeTa nneKcurnacOBbIMH 

CBeTOBO)laMII: 

• 

" . 

• 

3e~_Q 

MeHhrnne noTepn cBeTa 6naro,D,apll 6onee KopoTKOMY nyrn ero 

pacnpocrpaHeHBJI B 061,eMe CUHHTUJinllUHOHHOH nnaCTHHhI; 

MeHblllall 3aBHCHMOCTb 3cptpeKTHBHOCTH OT ,D,erpa,D,aunu OnTBlleCKBX 

CBOHCTB caMOH CUHHTUJinllUHOHHOH nnaCTHHbl - 6onblllHH cpoK 

JKCTTJJYaTaunu; 

yMeHbllleHlie HeqyBCTBBTenbHOH 30Hbl - KOMnaKTHOCTb ,D,eTeKTopa H3-3a 

HCnOJJb30BaHBJI MHHHaTIOpHoro «l>3Y. 

v. 

"" ·~ ,_ 
AMQ[lf.(:'lf 

/ (j)oroceHcop Hamamatsu H5783 
i C (j)oTOyMHOltO,!TenOM R5600 

C6op CBeTa B CUHHTUJinllUHOHHbIX 

ClleTtJHKaX HOBoro IlOKOneHBll 

npOHCXO,D,HT cne.uywIIIHM o6pa30M: 

qacTb rony6oro cBeTa, H3nytJeHHoro 

cMecTnTeneM cneKrpa POPOP, .llOCTHrall 

onTOBOilOKOHHOH neHTbl, nornomaeTCll 

JJ.06aBKOH YI 1 (UJIH K27) u H30rponHo 

nepeH3nyqaeTCll B 6onee 

,D,nHHHOBOnHOBYIO 3enettyIO o6naCTb. 

Hcnonb3oBannch MHoroo6onoqetJHhie 

cneKrpOCMeIIIaIOIIIHe BOilOKHa S-Tnna 

!pHpMbl KURARA y H q>HpMbl 

Pol.Hi.Tech, BKnIOtJaromue ,D,o6aBKH 

Puc. 7. CxeMaTnqecKnli BIUI 

CUHHTHJIJIJIUHOHHMX cq!:'fqHKOB CO 

C'beMOM ceera OIITOBOJIOKOHHOH JieHTOH. 

Yl 1 (250 ppm) u K27 (200 ppm) 

COOTBeTCTBeHHO. 

TiepeH3nyqeHHbIH CBeT 

pacnpocrpaHlleTCll no BOilOKHaM K «l>3Y 

n K npOTHBOnonO)KHOMY OT «l>3Y KOHuy (pnc. 7). 3epKano Ha ,D,anbHeM Topue 

BOJJOKOHHOH neHTbl yBenlfllHBaeT Ha 60% CBeToc6op. TnnlfllHall KBaHTOBall 

3cpcpeKTHBHOCTb !pOTOCeHCOpa H5783 paBHa :::; 12% Ha ,D,nHHe BOilHbl H3nytJeHBJI 

cMeCTHTeJJll cneKrpa YI I UJIH K27 (~ 500 HM). 

13 



HccJJe}lOBaHIUI C03}laHHhIX C1IeT1IBKOB no CBeToc6opy HaMB npOBO}lBJJBCh B 

OIUIH B B <l>epMBJJa6 Ha KOCMB1IeCKBX MIOOHax (puc. 8). Ha pucym~e 9 
noKaJaHhI pacnpeaenemui: cBeTOc6opa B 4>0T03JJeKTPOHax ( 4>.e.) MH c11eT1I1IKOB 

BSU II CSP npu npoXO)KJleHBII KOCMB1IeCKBX MIOOHOB 11epe3 IlJJaCTIIHY B 

JlaJJhHeM OT <1>3Y KOHUe C'le'flIIIKOB. 

TenecKon C4eT411K <P3Y 

neHTa 113 
cneKTpocMeU1a10U1MX BOnoKOH 

Puc. 8. EnoK-cxeMa 

annaparypb1 .llJIH 

tt3MepeHuii caeroc6opa 

c .l{aJihHero OT <I>3Y 
KOHUa C'le'f'IHKa. 

m'" 
0 ! )~ 
'1' ~o 

e" 
~20 

il 

10 

N,111 :ii~, I 
~~. 

i i 
I l • 
;. 

CSPL2 
N•t •31 
Mun=~ 11 

§10 
! i I 

I. 

l JO IS 1D 1, lO J, .. 0 4l $0 

CaeTocoop, cp.3. 

CSPL3 
Nent .,106 
Mean:21.27 

, 10 U 10 :z, JO ,, -&O O ,o 
caeroc:50p, <I>-•· 

Puc. 9. Caeroc6op c .l{aJibHero OT <l>3Y KOHUa .l{Jlll CUUIITUJIJill'UHOHHblX C'le'f'IUKOB BSU, 

CSP L2 u CSP L3 rnnoa, mroTOBJieHHbIX a OIUH1. 

m • 

Ent1es 72 
Mean 79.8 ~": r '~ 14-

6 ": g 
~ 10-
-:r 

40 50 80 7010IO100t10120 

Caeroc6op, cp.3. 

Puc. 10. Caernc6op c ueIITpa 

CUUHTIUinllUUOHHOH nJiaCTUHbl 

.l{Jlll C'le'fl!HKOB MSK. 

,ll;JIH yBeJJB1IeHBH aKcemaHca ycTaHOBKII 

CDF II B o6nacTB nceBao61,1cTPOT 0.6 < 1171 < 1.0 

II aJBMYTaJJhHOro yrna Aq,=90° ( OT q,1=225° ao 

<p.7=315°) Mhl C03}laJJII, IICCJJe}lOBaJJII II BKJJIO'IBJJB 

B cocTaB ycTaHOBKB CDF 48 c11eT1I1IKOB MSK co 

Cl>eMOM CBeTa CBeTOBO}laMII c o6oux KOHUOB 

(pile. 10). 
TaKBM o6pa30M, CYMMa Bh!IlOJJHeHHhIX pa6oT 

no C03}laHIIIO HOBhIX C1IeT1IIIKOB 06ecne11BJJa 

JlOCTIDKeHII:J cyw.ecTBeHHOro pe3yJJhTaTa: 

aKcenTaHC M HHOB CIICTeMhl ycTaHOBKII CDF 

YBeJJB1IeH Ha 6. % (pile. 11 ) . 
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IlpoBe}leHHOe HaMII IICCJJe}lOBaHIIe npouecca ecTeCTBeHHOro CTapeHBH, TO 

eCTh II3MepeHBe yMeHhilleHBH CBeToc6opa CUIIHTBJJJJHUIIOHHOro C1IeT1I1IKa co 

BpeMeHeM, caenano B03MO)KHhIM nporH031IpOBaTh JlOJJroBpeMeHHyIO 

3<p<peKTIIBHOCTh BX IICnOJJh30BaHBH. MloOHHaH CIICTeMa ycTaHOBKII CDF 

BKJJI01IaeT 6onee 1140 CUIIHTIIJJJJHUIIOHHhIX C1IeT1I1IKOB pa3HOro Tllna. qaCTh 3TBX 

c11eT1I1IKOB OCTaJJaCh co BpeMeHII RUN I, apyraH 11aCTh 6hlJJa C03}laHa cneUBaJJhHO 

B paMKax MoaepHII3aUBB ycTaHOBKII CDF RUN II. 

o:::1-CMX g;;)l~CMP §-CMU EII-CMX ~-CMP §:§-ct.ru--lMU 
0 

¢ 1¢ 

o• .. 

Puc. 11. AKcemaHc MIOOHHOH cuCTeMbl CDF B 

Run I - cneaa u B Run II - cnpaaa. 

bhlJJII Bh!IlOJJHeHhl 

CIICTeMaTB1IeCKBe II3MepeHBH 

napaMeTPOB O}lHOro II Toro )Ke 

Ha6opa c11eT1I1IKOB pa3Horo 

Tuna. HccneaoBaHo B o6w.eii 

CJJO)KHOCTII JlO 60 C1IeT1I1IKOB 

(cM. Ta6Jrnuy 1). C11eT111IK1I 

CSP u BSU, II3roTOBJJeHHhle B 

Jfy6He, npeacTaBJJHIOT co6oii 

C'leT'IIIKII HOBoro nOKOJJeHBH C 

OnTOBOJJOKOHHhIM Cl>eMOM 

CBeTa, pa3MepaMII 3200x305x20 MM
3 

II 1638x166x15 MM
3 

COOTBeTCTBeHHO. 

OcHoBa CUIIHTIIJJJJHTOpa - nonucTupon (ITC). C11eT1I1IKB CSP Wall - 3TO TaK 

HaJhrnaeMhie "MoaepHB3BpoBaHHhie" c11eT1IBKB co cMemaHHhIM cnoco6oM c6opa 

cBeTa, c pa3MepaMB 3200x320x20 MM
3
• C11eT1I1IKII CSX BMeIOT 

TPaneUBIIJlaJJI,HyIO <pOpMy, c pa3MepaMII 1800x(300, 400)x25 MM
3
, Cl>eM CBeTa 

np01I3BO}llITCH KJJaCCB1IeCKIIM cnoco6oM - C nOMOW.hIO IlJJeKCIIrJJaCOBhIX 

cBeTOBO!lOB. OcHoBa CUIIHTBJJJJHTopa MH c11eT1IBKOB CSP Wall II CSX -

noJJIIBIIHBJJTOJJYOJJ (ITBT). 

Tim C'le'f'IHKa OcHoaa Kon-ao IloCTOJIHHall CTapeHUJI' T(fO.llbl) 

CSP Wall IIBT 23 4.7±0.3 
CSX IIBT 17 7.6 ± 1.3 
BSU nc 17 12.4± 1.0 
CSP nc 2 8.9 ± 0.9 

Ta6nm.1a 1. OcHOBHble pe3yJibT3Tbl HCCJie.l{OBaHHll eCTeCTBeHH0ro CTapeHHll 

CUUIITHJIJillUUOHHblX C'le'f'IHK0B yCTaH0BKH CDF II. 
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MeTO,'J.OM a6COJIIOTHOII KaJm6pOBKH
12 

B TeqeHHe HeCK0JibKIIX neT 

nepno,'J.uqecKH H3Mep»:eTCH CBeToc6op C ,'J.anbHero OT <1>3Y K0HUa 

CUHHTHnnHUHOHHOll nnacTHHbl. )J;anee 3KCIIepuMeHTanbHbie ,'J.aHHbie 

annpoKCHMHp)'I<)TCH OpJJ.ttHapHoii 3KCII0HeHuHanbH0ii $yHKl.(Heii (puc. 12, 

Ta6m1ua 1). 

~MT. ¢yHK4"ff N(t) = N, exp(-V,) rlndf 
N, 

y
~ -
~~ 
I : 
8~ 
i -
u ·~ 

,-

' 

0 1 D 1 2 3 -, 5 I 
BpeM.A, a re.a.ax f'O" COOTBeTCTl!lyeT 2000 rDAY) 

Puc. 12. CBeTOBhlXO!l c JlaJihHero OT <I>3Y KOHUa 

a1rn oattoro H3 C'leT'IHKOB CSP Wall no roJlaM. 

ITpoaeJJ.eHHLiii 

HCCJie,'J.0BaHHH 

nonyqmL 

UHKn 

II03B 0JIHJI 

paHee 

0TCYTCTB0BaBWHe CBe,'J.eHHH II0 

CTapeHmo Cl.(HHTunnHUH0HHbIX 

cqe~uKoa ycTaH0BKH CDF II a 

ycn0BHHX peanLHoro 

3KCIIepHMeHTa H HHTerpanbH0fO 

yqeTa MH0flIX $aKTOpOB, 

BJIHIDOIUIIX Ha JJ.erpaJJ.aumo 

CUHHTHnnHUH0HHOH nnaCTHHbl. 

B TOM qHcne: a) CTaTHCTuqecKH ,'J.0CT0BepH0 ycTaH0BJieH0, qTQ CK0p0CTb 

,'l.erpaJJ.aUHH II0JIHBHHHJITOny0JibH0ro CUHHTHnnHT0pa IIQqTH B,'J.B0e BbIWe, qeM y 

II0JIHCTHp0JibH0ro CUHHTHnnHT0pa aHanoruqHQH reoMeTPHH; 6) ,'J.nH 

II0JIHCTHP0JibHbIX Cl.(HHTHnnHUH0HHbIX cqe~HK0B H0B0ro II0K0JieHHH B CHCTeMe 

"CUHHTHJIJIHT0p + OIITOBOJIOKHO" onpe,'l.eJIHIOIUHM HBJIHeTCH CTapeHHe nnaCTHKa 

(BKna,'J. 0IIT0B0JI0KHa a yMeHbllleHHe CBeTOc6opa c ,'J.MbHero OT <1>3Y K0HUa He 

npeBbJWaeT 20%); 6) TexHuqecKaH .ZUillHa ocna6neHHH MH CUHHTHnJIHl.(H0HHbl"' 

cqeTqHK0B C 0IIT0B0JI0K0HHbIM cnoco6oM C'beMa CBeTa cna6o 3aBHCHT. OT 

BpeMeHH. ~eHTPMbHbIH BblB0,'J. HaWIIX HCCJie,'J.0BaHHH: onpe,'l.eneHO, qTo 

cqeTqHKH, H3f0T0BJieHHbie B OIUIH, M0ryr 6b1Tb HCII0Jib30BaHbI MH Ha6opa 

CTaTHCTHKH 6e3 3aMeTHoro YMeHLWeHHH J$$eKTHBHOCTH ,'1.0 20 IO ro.n,a. 

B 'leTBepToii rJJaBe 0IIHCbIBaeTCH pa3pa6oTKa H C03,'J.aHHe H0Boro 

MHoroKaHanbttoro npeK0HBepTopa CPR2 JJieKTP0MarttmHoro KanopHMeTPa Ha 

0CH0Be nnacTuqecKoro Cl.(HHTHnnHT0pa, a TaJOKe pa3pa60TKa H C03,'J.aHHe 

np0T0THil0B cqe~HK0B MH .Il,0II0JIHHTeJibH0ro CJI0H MIO0HHbIX 

12 E. H. Bellamy et al., "Absolute Calibration and Monitoring of a Spectrometric Channel 
Using a Photomultiplier", -NIM A339 (1994) 468-476. 
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CUHHTHnnHUH0HHblX ,'J.eTeKTopoB H HCCJie,'J.0BaHHe lIX BJIHHHHH Ha II0BbJWeHHe 

J$$eKTHBHOCTH II0,'J.aBJieHHH $oHOBblX co6LJTHH a C0CTaBe H0B0ro MIO0HH0ro 

TpHrrepa. 

llpeKOHBepmop 311eKmpoMa211um11ozo KGJIOpw.tempa CPR2. 

ITOBbJIIIeHHe CBeTHM0CTH T3BaTPOHa npuaeno K He06XO.Il,HMOCTH 3aMeHbI 

cTaporo npeK0HBepTOpa: TaK, )')Ke C HaqanoM RUN II ero HCII0Jib3pBaHHe CTM0 

npo6neMaTHqHbJM. Me)K.n,y TeM npeK0HBepTop HrpaeT BeCbMa 3HaqHTeJibH)'I<) 

pom;- B pa3JJ.eJieHHH qacTHU II T0qHQCTH H3MepeHHH lIX KHHeMaTuqecKIIX 

napaMeTP0B. 3TH KaqecTBa cymecTBeHHbI BO MH0flIX HCCJie,'J.0BaHHHX no $mnKe 

TH,KeJibIX KBapK0B, pacna,'J.0B w, z 6030HOB H T.,'J.. 

OcHOBHbJe npuquHbl, o6ycnOBHBWHe 3aMetty CTaporo npeK0HBeprnpa, 

cne.n,yJOIUHe: 

• s RUN I CTapbIH npeK0H;BepTOp 6a3Hpoaanc,i: Ha 0TH0CHTeJibH0 Me)UieHHblX 

np0B0JI0qHblX fa30BbIX ,'J.eTeKTopax - nponopuuoHanbHbIX KaMepax H 

pa6oTan npu caeTHM0CTH ,'1.0 l.0xl0
32 

CM·
2c·1• C yaenuqeHHeM cBeTHM0CTH 

,'1.0 2.0xl032 
CM-:!C-J H BbIWe TaKHe ,'J.eTeKT0pbI pa6oTaJOT C TPYJJ.0M HJIH 

aoo6me nepecTaIOT cnpaan»:TbCH co caoeii JaJJ.aqeii; 

• aMIInHTYJJ.a HMnyJibCa CHJibH0 yMeHbWHJiaCb H3-3a .n,erpa,'l.aUHH CHrHanbHOH 

np0B0JI0qKu; 

• Heo6xOJJ.HMOCTb yaenuqeHHH 6LICTPO.IJ,eHCTBHH u ynyqweHHH 

JHepreTuqecKoro pa3peweHHH JneKTP0MarnmHoro KanopHMeTPa TPe6oaana 

60JibIIIeii cerMeHTaUHH npeK0HBepTopa no nceB,'J.06bICTPOTe 77, K0TOpa,i: B 

C03,'J.aHH0M ,'J.eTeKT0pe Bbipocna noqTH Ha nop»:JJ.0K. 

1251111 

1251111 

-6 M / I 'neptxoA oT cn•KTPOCIHl.1.l,I.K>uttro 
Ha npo3pa'lttoe 111ono1CH0 

B H0B0M npeK0HBepTOpe 

t 20 1111 ,'J.eTeKTHpyromue JJieMeHTbl HaMH 

3aMeHeHbI: HMM CTMH TaHJibl -

Cl.(HHTHnnHl.(H0HHbie nnaCTHHbl C 

pa3MepaMH 125x125x20 MM
2 

(p11c. 13). lf3roTosneHo, 
Pnc. 13. CumITHJJJlllUHOHHaJI IIJJaCTHHa (Tai1JJ). 

TeCTHp0BaH0 H OT06paHO 6onee 

3000 TaHJI0B co CTa6HJibHO Bb!C0KHM CBeT0BbIX0,'J.0M ,'1.0 36 $.3. Ha MHHHManbH0 

IIOHH3Hpyromyro qaCTHuy (Mlfq), a 3T0, B CB0JO oqepeJJ.b, o6ecnequno 

perncTPaUHIO He Mettee 12 $.J./MJfq (B cpeJJ.HeM) nocne npoX0,KJJ.emui acero 

0IIT0B0JI0K0HH0ro TPaKTa (JJ.O 5 M). ITocne,'J.HHH BenuquHa npeBbIWaeT 6onee qeM 
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..... 
I 

B ,!Ula pa3a ypoBeHI, 5cp.3./Mlfl.l, MHHBMaJILHO Heo6xo.n:HMLIH .l{IDI 3cpcpeKTHBHOH 

pernCTJ)aUHH KaJIOpHMeTJ)OM 0.l{HHOqHoii qacTUUI,I 13, 

HaMtt peruetta rnaBHa.11 Ja.n:aqa: MaccoBoe H KOHTJ)onttpyeMoe no CBernc6opy 

rrpOH3B0.l{CTBO TilttnOB B µ,y6He H B XapLKOBe. HJrOTOBnem1e KaHaBKH MH 

omoBonoKHa 61,mo rrocne.ll,HBM 3TI1IIOM nepe.n: c6opKoii Mo.n:yn.11 CPR2 B ClllA. 

An.11 o6ecrreqeHHH Ha.n:ne)Kaw:ero Kaqecrna TilttnOB Heo6xo.n:HMo 61,mo 

orrpe.n:enetttte CBeTOc6opa ( OT Mlfl.l) .D:IDI Tilttna 6eJ KaHaBKH, coorneTcrnyiow:ero 

CBeTOc6opy He Mettee 18 cp.3./Mlfl.l co CileKTJ)OCMew:arow:ero OIITOBOnOKHa, 

YCTilHOBneHHOro B n-o6pa3HOH KaHaBKe Ha IIOBepxHOCTH Taiina. ELma rrpoBe)leHa 

cepHH KOHTJ)OnLHLIX HJMepeHHH MH perueHHH 3TOH Ja.n:aqtt, 

l4>HT. <j>yH•I.IMR y -pl • X + pO 11 pO -6.31 ± 1,17 
"'fl 1 p11.69±D.153 

D - MlMepeHHR a AyC5He 
201- I ■ -M3MOpeHMA BO <llHAn 

oi 
-6- 18 

" :,: 
~ 18 

a 
., 14 

" C. 
0 
\0 12 g 
j 10 
0 

+ 

PHc. 14. Koppem1uIDI ceernc6opa co 
cneKTp0CMeruruoruero 0IIT0B0JIOKHa " C 

YJKoii rpaHu miina 

CYTL MeTO.D:HKH, rrpHMett!!HHoii B 

OIUIH, TilKOBa. Bttaqarre mMep.11nc.11 

CBeTOc6op (B qJ.3.) C npoeKTttpyeMLIM 

MeTO)lOM c1,!!Ma CBeTil nptt IlOMOW:H 

OIITOBOnOKHa ll ct>oT03neKTJ)OHHOro 

YMHO)KHTen.11 (<1>3Y). Ha BTOpOM 

3Tane <1>3Y 61,m npttcTaBnett 

Henocpe.n:cTBeHHO K 0.l{HOMy H3 YJKHX 

TopuoB Taiina n onpe.n:en.11nc.11 

CBeTOc6op (B qJ.3.) C HCcne.n:yeMOH 

rrnaCTHHLI. CpaBHeHtte rronyqeHHLIX 

BenuqttH onpe.n:enuno orropHLiii . 

rrapaMeTJ) .n:n.11 oroopa TiliinOB. An.11 

rrpoBe.n:eHHH uccne.n:oBaHuii 61,mo 

HJrOTOBneHo HeCKOnLKO IIpOTOTHIIOB 

TaH.JIOB HJ CUHHTHnnHUHOHHLIX rrnaCTHH pa3Horo Kaqecrna (puc. 14). 

KpoMe 3TOro, HCIIOnLJOBaJICH pa.n:ttoaKTHBHLIH HCTOqHHK Sr90+y90, 

mnyqeHHe KOTOporo KOMHMHpOBaJIOCL B rryqoK )lllaMeTJ)OM 1 MM. O6nyqeHue 

rrpOH3B0.l{HnOCL rreprreH)lHKynHpHo 6on1,ruoii IIOBepXHOCTH Taiina Ha 

cI>ttKCHpOBaHHLIX pacCTOHHHHX OT <1>3Y, IlpllCTilBneHHOro K YJKOH rpaHu 

rrnaCTHHLI, ll H3Mep.11nc.11 aHO)lHLiii TOK. 3TOT MeTO)l TJ)a.D:HUHOHHO ucrron1,3yeTCH B 

13 
R. Blair, et al. "Proposal to replace the Central Preshower Detector and Central Crack 

Chambers with an integrated scintillator detector (CPR2) ", -CDF Note 5519, July 18, 
2001. 
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"l1HCTH1)'Te MoHOKpHCTaMOB" 
14 

.l{IDI orrpe.n:eneHHH rrapaMeTJ)OB rrpOH3BO)lllMLIX 

CUHHTHnnHUHOHHLIX rrnacTHH. ELmH npoBe.n:eHLI uccne.n:oBaHHH MH 

cornacoBaHHH ouettoK cBeToc6opa, mMepeHttoro c ucrronLJOBaHtteM 

pa.n:uoaKTHBHOro HCToqHHKa u MeTO)lOM a6comoTHOH Karru6pOBKH, c uenLIO 

BLipa60TKH orropttoro rrapaMeTJ)a MH KOHTJ)OnH Kaqecrna TilH.JIOB, rrpOH3B0.l{HMLIX 

B XapLKOBe (pnc. 15). 

OrrttCaHHLie BLIIIIe MeTO)lllKH KOHTJ)OnH Kaqecrna II03BOnuntt miM B C)KaTLie 

cpoKH HJroTOBHTL 6onee 3000 TilttnOB c BLICOKHM (.no 36 cp.3.) CBeTOc6opoM. 

3cpcpeKTHBHOCTL HOBOrO rrpeKOHBepTOpa CPR2 HnnlOCTJ)HpyeTCH HH)Ke . 

1 ¢11T.¢JYHK4HS1,r-pl *x+pO pO 
• _..,,211 Ha pncym~e 16 (cneBa) 

~ n~ 
+ . 

~12.1:_ 
!:!?..: 
s • 

~12.1~ 

IS 12.4,-

~ : 
S.,ut. 
" a. • 
O 12:. 1 1

~Mact11poilCSPM1.CT1Ho1 

Q) ,u U 1l.5 141 ,,~ 

~ Caeroc6op c yaKoM rpaHM, Ip.a. 

Puc. 15. KoppeJIS1um1 ceernc6opa c YJKOii 
rpaHH Taiina, H3MepeHHOro p33Hb!MH 
cnoco6aMH: MeTO)l0M a6coJIIOTHOH KaJIH6poBKH 
" C IlOMOIUb!O PMHOaKTHBH0ro ucroqHHKa, 
KOTOpMii 61,m ycraHOBJleH e ueliTpe Taiina. 

noKaJaHo pacrrpe.n:enettue rro 

BLI)leneHHOH B npeKOHBeprnpe 

3HeprHH MH KaH)lll)laTOB Ha 

MIOOHLI OT pacrra.n:oB W-6030HOB, 

nocne BBe)leHHH 

TJ)aKTOB ycuneHHH 

norrpaBoK 

CHrHaJIOB C 

TilttnOB. AnH cpaBHeHHH TaK)Ke 

IIOKa3aHO pacrrpe.n:eneHue OT 

qacTuu c TJ)eKaMH c rrorrepeqttoii 

3Heprneii Pt 6onee 8 I'3B, KOTOpLie 

HHor.n:a o6pa3)'10TCH OT 

B3aHMO)leHCTBHH npo.n:yKTOB 

rrpoTOH-aHTHilpOTOHHLIX CTOnKHOBeHHH C MaTepttarroM rrepe.n: .n:eTeKTOpOM CPR2. 

KpoMe MHHHMarrLHO uoHHJHpyIOID:HX qacTHU .n:eTeKTop CPR2 

3apernCTJ)HpoBarr TilK)Ke 6on1,woe KonuqecTBO 3neKTJ)OHOB OT pacrra.n:oB W-

6o30HOB. Ha pucyttKe 16 (cnpaBa) rroKaJaHo attarroruqttoe npe)ll,1.n:ymeMy 

pacrrpe.n:eneHHe .l{IDI Kall)lll)laTOB Ha :meKTJ)OHLI OT pacrra.n:oB W-6030HOB B 

cpaBHeHHH C pacrrpe.n:eneHHeM OT qacTHU C TJ)eKaMH C nonepeqHOH 3Heprneii Pt 

6onee 8 I'3B, KOTOpLie HHor.n:a o6pa3yIOTCH OT BJaHMO)leiicTBHH rrpo.n:yKTOB 

IIpOTOH-aHTHIIpOTOHHLIX CTOnKHOBeHHii C MaTepuarroM rrepe.n: )leTeKTopoM CPR2. 

KaK ll OJKH)laJIOCL, B cnyqae B03HHKHOBeHHH nHBHH OT 3neKTJ)OHa BLI)lenettue 

14 HHCTHryT CUHHTHJIJHIUH0HHblX MaTepuanoe HKT «HHCTllryT M0H0KpHCTaJIJIOB», r. 
Xapi.Koe, YKpauHa. 
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:mepnrn: 6011bme, qeM B cnyqae npOXO,K)lemui: qepe3 npeKOHBepTop MHHHMaJJbHO 

HOHH3Hpyiomeii qaCTHUbl HJJH cnyqaiiHblX qacTHU. 
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o.1ar 
D.16 

0.14 1 ·· 
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□ Cny'-la"-tible 4aCTM4bl 
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Puc. 16. Pacrrpe.nenem1:e no BhmeneHHOH a rrpeKoHaepTOpe 3Hepruu (a e.nmmuax Ml11J) 
J]JUI KaHJ]HJ]aTOB Ha MIOOHbl OT pacrra.aoa W-6030HOB H OT Cil)"laHHblX TpeKOB C 

rronepe'IHOH 3Heprueit Pt 6onee 8 I'JB (neBMH pucyHoK). To ,Ke .nm1 KaHJ]HJ]aTOa Ha 

3JJeKTp0Hbl OT pacrra.aoa W-6030HOB H OT cnyqaitHbIX 'laCTHU C rrorrepe'IHOH 3Heprueit Pt 
6onee 8 I'JB (rrpaabIH pucyHoK). 

TaKHM o6pa30M, coxpaHHB )lOCTOHHCTBa crnporo npeKOHBepTopa: 

2-3 KpaTHOe YJ3e11uqeHue no)laBJJeHIDI q>OHa OT 3apH,KeHHblX nHOHOB, qrn 

KpaiiHe aa,KHO npu nocneeyromeii H)leHTHq>HKaUHu 3JJeKTpoHa JlJ1H B-jet 

MeqeHIDI, 

BO3MO,KHOCTb H)leHTHq>HKauuu O)lHHOqHblX q>OTOHOB (Ha q>OHe Me30HOB) B 

0611acrn 3Heprnii 6011hme 35 I'3B, 

ynyqmeHue 3HepreTuqecKoro pa3pemeHHH CTPYH, qTo oqeHh cymecrneHHO 

JlJ]H nOHCKa HJJH 3KcnepuMeHTaJJbHOro cy,KeHIDI BepOHTHOro HHTepBana Mace 

qacTHU Xurrca; 

HOBblll npeKOBeprnp 0611aL1,aeT npHHUHnHaJJbHO HOBblMH KaqecrnaMu: 

pa6orneT npu cBeTHMOCTH JlO 3.0xl032 
CA1-

2c-1 
H Bhime; 

HMeeT Ha nopHJlOK 6011ee Bb!COKYJO rpattyJJHpHOCTb no nceB)l06bICTPOTe; 

HMeeT Ha nopHJlOK 6011ee BbICOKOe 6bICTPOJleiicrnue, qTo oqeHb Ba)KHO B 

CBeTe IlJlaHupyeMoro yMeHbilleHIDI HHTepBana Me,KJlY crycTKaMH c 396 )lO 

132 HC. 

JfccJ1eooBaHue 3dJdJeKmUBHocmu H06020 MIOOHH020 mpu22epa 6 06J1ac11111 

l.0<(ni<l.25. 

YBeJJH'leHue CBeTHMOCTH T3BaTPOHa )lO BeJJifqHHbl 2x1032 
CAl-:!c-

1 
" 

CBH3aHHOe C 3THM y,KeCTO'leHue TPe6oBaHHH oroopa none3Hb!X co6bITHll 
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npuBeJJH K HCKJllO'lemno H3 cnucKa TPHrrepoB, o6H3aTeJJhHblX Ha ycTaHOBKe 

CDF II, MIOOHHOro TPHrrepa nepBoro ypOBHH (LI) B 0611aCTH 1.o::;;11]1::;;1.25 

( rroTepu -10% ). HaMH npe)lJ]O,KeH BapHaHT BOCCTaHOBJJeHIDI )laHHOro TPHrrepa 

nyTeM BKJJJOqeHIDI B Hero CHrHaJJOB C )lOnOJIHHTeJJhHOro CJJOH MIOOHHblX 

CUHHTHJIJlHUHOHHblX )leTeKTOpOB (puc. 17). 

,l]jrn oueHKH O,KH)laeMOro 3q>q>eKTa OT BKJllOqeHIDI C'lt!T'IHKOB ssu B TPHrrep 

MhI o6pa6oTanu )laHHhie, orn6paHHble rno6anhHhIM o6mHM TPHrrepoM 

ycrniioBKH CDF Ha nporn,KeHuu 3 MeCHUeB ceaHCOB Ha6opa c MaH no HIOJJh 2005 

ro,na. 

~ = 1.5 

KaMepbl-1 
BMU 

h ~ ~ ~ ~ ~ ~ ~ ~ 0 

Puc. 17. PacrroJJO,KeHue 

J]eTeKTopoB MIOOHHOro 

Tpurrepa a o6nacru 

1.0~1171~1.5, a TaK,Ke 

MeCTo rrpe.nrronaraeMOH 

YCTaHOBKH HOBOro CJJOH 

CUHHTHJIJJHUHOHHhIX 

C'le'l''IHKOB SSU. 

Ha pucyHKe 18 noKaJaHhl pacnpe)leJJeHHe co6b!THH no cqt!T'IHKaM u BpeMeH 

rrpuxoLl,a co6hlTHii, orn6paHHhlX npe)lJ]O,KeHHblM TPHrrepoM. CneJlYeT OTMeTHTb 

pe3KOe BblLl,eJJemie nHKOB B 0611aCTH 160 HC OT Haqana OTcqern - 3TOT nHK JlJ1H 

C'leT'IHKOB ssu rrpHXO)lHTCH Ha -157 HC (HH,KHHH neBblll pHCYHOK) u JlJ]H 

c'leTquKoB BSU npHXOJlHTC» Ha -160 He (HH,KHHii npaBhIH pttcyHoK) OT Haqana 

OTC'leTa u pa3HHUa COCTaBJIHeT OKOJIO 3 HC (BepxHHii npaBblll pucyHOK). Ecnu 

yqecTh, qrn BpeMH nponern oT c'leT'IHKa SSU JlO C'lt!T'IHKa BSUF JlJJH 

3apH,KeHHOii qacTHUbl, nernmen H3 3OHbl npoTOH-aHTHnpoTOHHblX CTOJJKHOBeHHH, 

Ll,OJJ)KHO COCTaBJIHTb -3 HC, TO MO,KHO nonaraTh, 'ITO Ha 3TOT IlHK npHXO)lHTCH 

HMeHHO MIOOHbl, pO,K)laIOillHeCH B HCKOMbIX co6bITIDIX B ueHTPe ycTaHOBKH. 

,l]jrn cpaBHeHIDI npHBe)lt!M pacnpe)leJieHHe BpeMeH npHXO)lOB co6hITHH JlJ]H 

C'leT'IHKOB BSUp, COOTBeTCTBYJOillHX MIOOHaM npH HCCJJe)lOBaHHH pacna)lOB 

Z-6o30HOB (puc. 19)15• CpeJlHee no11O,Kem1e nuKa JlJ1H C'lt!T'IHKOB BSUF -159 HC, 

15 C.M. Ginsburg et al. "CDF Intermediate Muon Trigger." - CDF Note 7694. 2005. 

21 



rn eCTh COBila)laeT c IlOJIO)KeHHeM IlHKa Ha rncTorpaMMax npH OT6ope co6bITHH 

npeJlJIO)KeHHhIM HaMH TPHrrepoM. 3TO IlO)lTBep)K)laeT BhICOKYJO 3<p<peKTHBHOCTh 

HOBOro TPHrrepa npH oT6ope MIOOHOB, pO)K)leHHhlX B QeffTPe ycTaHOBKH CDF. 

1 
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Entries 917 

x'/ndf 28.10/20 
Constant 352 .2 ± 15.61 
Mean 158.8 ± 0.1718 
Sigma 5.035 ± 0.1454 
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Puc. 18. Pacrrpe.nenemie 
C06bITHH ITO C'le'I"IHKBM, a 

TalOICe apeMeH rrpnxo.na 
3THX co6LITHH H pB3HOCTH 

apeMeH rrpnxo.noa ,nnH 
COOTBeTCTBYIOIJlHX rrap 
C'leT'IHKOB BSU H SSU rrpu 
rrpe.nnoJKeHHOM HOBOM 

MJOOHHOM Tpttrrepe B 

o6JIBCTH l.O:Sj17l:Sl.25. 

Puc. 19. BSUp C'leT'IHKH: 
pacrrpe.neneune rro apeMeHH 
rrpuxo.na co6LITHH, 
COOTBeTCTBYJOIJlHX MJOOHBM 
rrptt HCCJie.llOBBHHH pacrra.na 
Z-+2µ. 

Eonee Toro, npoae)leHHhiii aHaJIH3 noKaJan: a) H)leHTH'IHocT& npeJlJiaraeMoro 

MIOOHHoro TPHrrepa LI B o6nacTH l.0:Sl17!:Sl.25 HhIHe ncnoJI&JyeMoMy 
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MIOOHHOMY TPHrrepy B o6JiaCTH l.25:Sl17!:Sl.5; 6) CYMMapmUI 11acTOTa TPHrrepa 

LI JlIDI o6nacTH l.0:Sl171:Sl.5 He npea&1maeT JlOnyCTmrnro Ha CDF II ypOBHJI - 1 
IUU. 

IloJIY11eHHhie HaMH )laHHhie no)lTBepJlHJIH uenecoo6pa3HOCTL npe)lJiaraeMoro 

pemeHIDI: yaeJIH'IeHHe aKcenTaHCa MIOOHHOro TPHrrepa ypoBHJI Ll BO3MO)KHO 

nyTeM ycTaHOBKH JlOilOJIHHTeJibHOro CJIOH CIUUITHJIJIHQHOHHhIX C_lJeT'IHKOB B 

o6nacrn l.0:Sl17!:Sl.25. 

B 33KJIIO'leHHII cipopMyJIHpOBaHbI OCHOBHhie pe3yJihTaThl )lHCCepTaUHOHHOH 

pa60ThI: 

1. IlpH aKTHBHOM YtJaCTHH aarnpa peaJIH3OBaH npHHQHilHaJihHhIH pa3)leJI 

nporpaMMhl MO)lepHH3aq1m ycTaHOBKH CDF: 3HalJHTeJihHO, Ha 60%, 
yaenH1IeH aKcenTaHC MIOOHHoro TPHrrepa. 3To JlOCTH)KeHne o6ycnoanetto: a) 

CO3)laHHeM 6onee 650 KpYilHOMacwra6HhIX CQHHTIIJIJIHQHOHHhIX ClJeT'IHKOB C 

o6meii IlJIOIQa)lblO 6onee 300 M2
, B TOM lJHCJie 608 ClJeT'IHKOB co 

caeroc6opoM cneKTPOCMemaIOIIUIMH BOJIOKHaMH; 6) pa3pa60TKOH CHCTeMbl 

ynpaaJieHHH H KOffTPOJIH; B) BKJIIO'leHHeM HOBOro KOMilJieKca B COCTaB 

)leiicTBYIQmeii annapaTYPhI ycTaHOBKH CDF. 
2. ,[(JUI ncnontteHHH ncCJie)loaaTeJI&CKOH nporpaMMhI CDF II npn ao3pocweu 

CBeTHMOCTH T3BaTPOHa (2xl032 
CM

02
c"

1 
H BhIWe), B KOTopoii TPe6yeTCH 

H)leHTH!pHKaQHH 3JieKTPOHOB H !pOTOHOB, CO3)laH HOBhIH npn6op - 2600-
KaHaJihHhlH ro)lOCKOilll'IeCKHH npeKOHBepTOp H3 CQHHTHJIJIHQHOHHhIX 

nJiaCTHH 125x125x20 MM
2 

o6meu IlJIOIUa)lhIO 6onee 40 M2
• E&ICTPOJlettCTBHe 

HOBOro npeKOHBepTopa H ero CerMeHTaQHH no nceB)l06bICTPOTe Ha nopHJlOK 

npeB3OWJIII 3TH BeJIH'IHHhl B paHee cymecTBOBaawen CHCTeMe, npHrO)lHOii 

JlJIH HCilOJlh3OBaHHH npH CBeTHMOCTII Mettee 1032 
CM

02
c"

1
• 

3. BnepBbie ycTaHOBJieHO, 'ITO JlIDI CQHHTHJIJIHQHOHHhlX C'leT'IHKOB HOBOro 

IlOKOJieHHH Ha OCHOBe IlOJIHCTHpona: a) CTapeHHe CHCTeMbl 
11

CQHHTHJIJIHTOp + 
OilTOBOJIOKHO

11 
onpe)leJIHeTCH )lerpaiiaQHeH IlJiaCTHKa; 6) TeXHH'IeCKaH JlJIHHa 

OCJia6JieHHH cna6o 3aBHCHT OT apeMeHH. ,[(aHHblH pe3yJihTaT )lOCTHrttyT 

6Jiaro)lapH HCCJie)loBaHHHM a 2000 - 2006 rr. napaMeTPOB 

cQHHTHJIJIHUHOHHhIX c11eT'IHKOB, )lettCTBYIOIUHX Ha yCTattoaKe CDF, 
IlO3BOJIHBWHM cnporHO3HpOBaTb 3BOJIIOQHIO 3THX napaMeTPOB H )laTb 

Konna6opaQHH nporpaMMY 3aMeHhI TepHIOIQHX 3<p<peKTHBHOCTh ClJeT'IHKOB, 
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3KcnrryaTHpyeMhIX C 1992 ro.n.a. BMeCTe C 3THM ycTaHOBJieHo: CtJeT'IHKH 

O1-UIH coxpawn BbICOK)'IO 34>4>eKTHBHOCTb .no KOHUa ceaHca RUN II. 

4. ITpe.D.JimKeH H 3KCnepHMeHTaJibHO anpo6HpOBaH MIOOHHblll TPHrrep B 

nepe.n.Heil: (1.0<1111<1.25) o6nacTH CDF. Ilpe.D.b1.n.ymrui: IiepcIDI JToro TPHrrepa 

C 4>eBpaID! 2006 ro.n.a 6bma HCKJIIOtJeHa H3 CilHCKa 06,naTeJibHb!X TPHrrepOB 

CDF II acne.n.cTBHe B03pocmeil: CBeTHMOCTH T3BaTPOHa. TToKa3aHo, tJTO 

pa3MemeHHe .D.OilOJIHHTeJibHOro CJI0.11 CIJ;HHTHJIJI.IIIJ;HOHHbIX C'leTtJHKOB B 

YKa3aHHOH o6JiaCTH Il03BOJIHT KOJIJia6opaa;HH yaeJIHtJHTb 6onee tJeM Ha I 0% 

KOJIH'leCTBO OT6HpaeMb!X co6b!THH c MIOOHaMH a KatJeCTBe CHrHaTYPHOH 

'IaCTHIJ;bl. 

5. O6ecne11eHo cTa6HJibHoe 4>yHKUHOHHpoaaHHe MIOOHHOH cHcTeMbI CDF II, 

BKJIIO'IaIOmeil: 6onee 1140 CUHHTHJIJI.IIIJ;HOHHbIX CtJeTtJHKOB pa3Hb!X THilOB, H 

34>4>eKTHBHOe HCilOJib30BaHHe ee B MIOOHHOM TPHrrepe. 3TO c.n.enano 

B03MO)KHblM .D.OCTH)KeHHe Ba)l(Hb!X HOBbIX pe3yJibTaTOB npHHQHilHaJibHOro 

HaYtJHOro 3Ha'IeHIDI, - B 11aCTHOCTH, O.D.HHX H3 HaH6onee TOtJHblX, no 

BpeMeHH IlOJIYtJeHIDI, H3MepeHHH MaCCbl TOil-KBapKa M,op=l 73,5~~-! (stat.) 

f3B/c2 H M10P=170.1 f3B/c2 ± 6.0(stat.) ± 4.l{syst.) B TaK Ha3bIBaeMbIX Mo.n.ax 

"nemoH+CTPYH" H ".D.HJieilTOH" COOTBeTCTBeHHO, HaH6onee TOtJHOe 

H3MepeHne Maccb1 W-6o3oHa Mw=80413 ± 48 (stat.) M3B/c2 H .n.p. B 

HacTo.11mee apeM.11 no.D..D.ep)KHBaeMbiil: HaMH MIOOHHhltt KOMTTJieKc CDF II 

.n.eil:cTByeT B npO.D.OJI)KHTeJibHOM Ha6opHOM ceaHce RUN II Ha TJBaTPoHe. 

OcHOBHble pe3VJibTaTbl .D.HCCepTaUHH ony6JIHKOBaHbl B CJieJJ.YIOmHX 

pa6oTax: 

I. A. ApTHKOB, . . . ,a:. 1Ioxe.rrn H .n.p., "Iloocucme.Ma c11i!m11uKoe «miniskirt» 
ycmaHOBKU CDF If' - IlHCLMa B 3qA51, N2 5[114]-2002, CT. 25-39, 2002. 

A. Artikov, . . . D. Chokheli et al., "The 'miniskirt' counter array at CDF-If' 

- CDF Note: CDF/PUB/MUON/PUBLIC/6105, Sep 2002. 

2. 0. Ilyxoa, . . . ,a:. qOXeJIH n .n.p., "AemoMamU3alfUR KOHmpoJm cucme.Mbl 
MIOOHHblX ClfUHmUJIJIRmopHblX c11i!m'IUK06 CDF If' - IlHCLMa B 3qA5J:, N2 
5[114]-2002, CT. 72-81, 2002. 

0. Pukhov, ... D. Chokheli et al., "Automatization of the monitoring and 
control of the muon scintillation counters at CDF If' - CDF Note: 

CDF/PUB/MUON/PUBLIC/5949, May 2002. 

24 

3. 

4. 

A. ApTHKOB, . . . JJ:. qoxeJIH H .n.p., "Long muon scintillation counters with 
wavelength shifter fiber readout for CDF If' - IlHCLMa B 3tJ:A51, N2 3[132]-

2006, CT. 81-102, 2006. 
Artikov, ... D. Chokheli et al., "Design and construction of new central and 
forward muon counters for CDF If', - NIM A538 (2005) 358-371, 2005. 

A. Artikov, ... D. Chokheli et al., "Design and construction of new central 

and forward muon counters for CDF If' - CDF Note: 

CDF/PUB/MUON/PUBLIC/6926, March 2004. 

5. A. Artikov, ... D. Chokheli et al., "Properties of the Ukraine polystyrene

based plastic scintillator UPS 923A" - NIM A555 (2005) 125-131, 2005. 

6. 

A. ApTHKOB, ... ,a:. qoxeJin H .n.p., "Ceoiicmea yKpauHcK020 1V1ac111Maccoeo20 

ClfUHmUJIJIRmopa Ha ocHoee n011ucmupolla UPS 923A" - IlpenpHHT OI-Uil1, 

,lzy6Ha, D 13-2005-111, 2005. 
A. ApTHKOB, 0. Ilyxoa, JJ:. qoxeJin H r. tJ:natJH.D.3e, "Cucme.Ma .MIOOHHblX 

ClfUHmWlll.HlfUOHHblX c11em11uKoe ycmaHOBKU CDF' -3qA5J:, 2007. 

7. A.Artikov, D. Chokheli, G. Pauletta and 0. Pukhov, "On the aging of the 

scintillation counters for RUN JI Muon System at CDF' - NIM A579 (2007) 

1122-1134, 2007. 

8. 

9. 

A.Artikov, . . . D.Chokheli et al.. "On the aging of the CSP and CSX 

counters", - CDF Note: CDF/PUB/MUON/PUBLIC/7033, May 2004. 

A. ApTHKOB, . . . ,a:. qOXeJIU H .n.p., "«PRESHOWER» - H06blU 

MH020KaHaJ1bHb1ii oemeKmop CDF. l/acmb 1. Cl/uHmUJIJIRlfUOHHble 1V1acmuHbl 
H06020 oemeKmopa: pa3pa6omKa, npoU3eoocmeo, KOHmpollb Ka11ecmea" -

ITpenpHHT O1-UIH, ,lzy6Ha, P13-2005-27, 2005. 
M. Gallinaro, ... , D.Chokheli et al (CDF collaboration), "A New Scintillator 

Tile/Fiber Preshower Detector for the CDF Central Calorimeter" -
Fermilab-CONF-04-325-E, Nov 2004. 5pp. Presented at 2004 IEEE Nuclear 

Science Symposium and Medical Imaging Conference (NSS I MIC), Rome, 

Italy. 
10. A. Artikov, ... , D. Chokheli et al., "CDF central preshower and crack 

detector upgrade" 
arXiv .org>physics>arXiv:0706.3922v 1, 

June 2007. 

25 

ANL-HEP-PR-07-09, 

http://arxiv.org/abs/0706.3922v1, 



A. ApntKOB, . . . ,U:. qoxeJiu u Jlp., "CDF central preshower and crack 

detector upgrade" - Fermilab preprint, FERMILAB PUB-07-023-E, Feb 

2007. 

11. A. ApTHKOB, K. EpoM6epr, .a;. qoxeJI11 11 r. 1I.JiaqHJl3e, "O 6O3MO:JICHocmu 

Moou<jJuKa1Juu mpuzzepa 1 ypoBHR MIOOHHoii cucme.Mbl ycmaHOBKU CDF 6 
yCJ1O6URX no6blllleH11ou cBemUMocmu T3BampoHa'' - ITttcLMa B 3qAJI, 2007. 

12. A. Abulencia, ... D.Chokheli et al (CDF collaboration). "Measurement of the 
top quark mass with the dynamical likelihood method using lepton plus jets 

events with b-tags in ppbar collisions at s111=1,96 TeV". - Phys. Rev. 

D73:092002,2006. 

13. A. Abulencia, ... D.Chokheli et al (CDF collaboration). "Top quark mass 

measurement using the template method in the lepton+jets channel at CDF 

JI". - Phys. Rev. D73:032003,2006. 

14. A. Abulencia, ... D.Chokheli et al (CDF collaboration). "Measurement of the 

top quark mass using template method on dilepton events in proton

antiproton collisions at s111=1,96 TeV''. -Phys.Rev.D73:112006, 2006. 

15. T. Aaltonen, ... D.Chokheli et al (CDF collaboration). "First Run II 

Measurement of the W Boson Mass" - arXiv:0708.3642vl, 

http://arxiv.org/abs/0708.3642, August 2007. 

T. Aaltonen, . . . D.Chokheli et al (CDF collaboration). "First Run II 

Measurement of the W Boson Mass" - Fermilab preprint, FERMILAB-PUB-

07-444-E, Aug 2007 

IToeyqetto 23 01m16pjj 2007 r. 

26 


