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Oli~ XAPAKTEPHCTHKA PAliOTbl 

AKTyaJibHOCTb pafiOTbl. lfoCJie.ll.0BaHHe CT0Jlb BWKHblX .ll.IDI COBpeMeHHOH <pH3HKH 

Bb!COKHX :meprHH HanpaBJieHHH, KaK BbICOKOf0'IHbie H3MepeHHJ:I Mace W-6030Ha H t

KBapKa, 1103B0JIJ:IIOIUHe orpaHH'IHTh .ll.0IIYCTHM)'IO o6JiaCTh Mace cymeCTBoBaHHJ:I XHrrc 

0030Ha, .ll.eTallbHoe HJyqeHHe pacrra,n;0B B-MeJ0HOB, B-6apHOHOB H .ll.PYrHX Ja,n;aq CTaJI0 

BOOM0XOibIM II0CJie M0.ll.epHH3aUHH B 1996-2000 rr. yCTaH0BKH CDF. YBeJIH'leHHe 

CBeTHMOCTH T3BATPOHA H aKcerrTaHca yCTaH0BKH CDF II crroco6CTBOBaJIH 

HaK0IIJieHHIO HHTerpaJibH0H CBeTHM0CTH, B HeCKOJibK0 pa3 rrpeBbllllaIOIUeii CBeTHMOCTb, 

Ha6paHHYJO B Te'leHHe rrepBoro ceauca (1992-1995). TaKHM o6paJOM, ocymeCTBJieH 

rrepeX0.ll. K CTaTHCTH'leCKH o6ecrreqeHHbIM 3KCIIepHMeHTaM H, B 'laCTH0CTH, Ha'laT0 

H0Boe HanpaBJieHHe B <pH3HKe Bb!COKHX :mepmii - <pH3HKa t-KBapK0B. 

CUHHTHJIJIJ:IUHOHHbie .ll.eTeKTOpbl HCII0Jib3YJOTCJ:1 B !pH3H'leCKOM 3KCIIepHMeHTe yxce 

HeCKOJibK0 ,!(eCJ:ITHJleTHH 6naro.napJ:I CHCTeMaTH'lecKHM HCCJie,!(0BaHHJ:IM, HaueneHHblM Ha 

ynyqllleHHe .ll.OJiroBpeMeHHOH 3<p<peKTHBHOCTH, 6bICTpO.ll.eHCTBHJ:I, crroco6oB C'beMa CBeTa 

co CUHHTHJIJIJ:ITOpa, JMeHbllleHHJ:I CTOHM0CTH e,!(HHHUbl qyBCTBHTeJihHOH IIJIOIUaJJ;H 

.ll.eTeKTOpa H .ll.PJrHX. B COBpeMeHHbIX crreKTpoMeTpH'leCKHX K0MIIJieKcax )J.JIJ:I 

3KCrrepHMeHT0B 110 <pH3HKe Bb!COKHX 3Hepmii CUHHTHJIJIJ:IUH0HHbie H raJ0Bbie 

KOOp.ll.HHaTHbie .ll.eTeKTOpbl qacro COCTaBJIJ:IIOT e.nHHblH K0MIIJieKc, r.l(e 

6bICTpO.ll.eHCTBYJOIUHH CUHHTHJIJIJ:IUH0HHblH .ll.eTeKTOp HCII0Jib3YeTCJ:I .ll.JIJ:I 0.ll.H03HaqHoro 

BbI6opa HCK0M0ro C06b!THJ:I cpe.nH MH0rHX .ll.pymx, 3aperHCTpHpoBaHHblX TpeK0BbIMH 

.ll.eTeKTOpaMH. IlpHMepaMH TaK0ro K0MIIJieKca J:IBJIJ:IIOTCJ:I CUHHTHJIJIJ:IUH0HHbie .ll.eTeKTOpbl 

H .ll.peH<pOBble KaMepbl MIO0HH0ro TpHITepa CDF II, a TillOKe CUHHTHJIJIJ:IUH0HHblH 

rrpeK0HBeprop H .npeii<pOBaJ:I KaMepa, COCTaBJIJ:IIOIUHe e,!(HHYJO CHCTeMJ BMeCTe C 

3JieKTpoMarHHTHbIM KaJI0pHMeTpoM H II0BbllllaIOIUHe TO'IH0CTh orrpe,!(eJieHHJ:I 

rrapaMeTpoB_ JIHBHJ:I. 

,lJ;HcceprauHJ:I BKJIIO'laeT pe3yJibTaTbl 3aBepllleHHblX HCCJIC.ll.OBaHHH Ilpe.l(JI0)l(eHHblX 

aBTOpoM B o6JiaCTH pa3pa6orKH H HCilb!TaHHJ:I H0BbIX CUHHTHJIJIJ:IUH0HHbIX .ll.eTeKTopoB, a 

TillOKe PeJYJibTaThl peaJIH3a!lHH H0BbIX MeTO.ll.0B HX HCII0Jib30BaHHJ:I B <pH3HKe Bb!C0KHX 

3HeprHii [1-4, 11, 20, 21). IIpHMeHeHHe B 3KCrrepHMeHTe CHCTeM, 003.ll.aHHblX Ha 6aJe 

HalIIHX H0BhIX pa3pa60TOK, o6ecrre'IHJIO )J.0CTH)l(eHHe BaXOibIX H0BblX PeJYJibTaTOB 

IIpHHUHIIHaJibH0ro HayqHoro 3Ha'leHHJ:I: BbICOKOTO'IHbIX H3MepeHHH Mace t-KBapKa [5-7] 

06ie,rumeHmIH HHCTHTY'r 

s.n;epH1IX1HccneAOB8HH~ 
BHBffvlOTEf< A 
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H W-6o3oHa [16], napaMeTpOB OCQHJIIDIQHH B, - B, Me3oHoB [8, 9], speMeH iKH3HH H 

Mace b/c a,upoHOB [12], a raIOKe pR.D.a cymecTBeHHLIX npoi3epoK CraH,napnmii Mo,neJIH 

(CM) [IO, 13, 14]. 

Cnneu& u1yqeuuocru npo6JieM&1. B Te'leHHe nepsoro ceaHca · (Run I) B 1992-
/ . . ' -

1995 rr. CDF Ha6pa.rr craTHCTHK)' ll0 no npH :mepmH CTaJIKHBaIOIQHxcs npoTOHOB H 

aHTHnpoTOHOB B CHCTeMe QeHTPa Mace ✓s =1.8 T3B H BI,IIlOJIHHJI neps1,1e H3MepeHHH 

CBOHCTB t-KBapKa. ,[(mi: npeQH3HOHHOrO H3MepeHHH q>yH,naMeHTaJILHOH KOHCTaHTl,I -

MaCCLI t-KBapKa - KpaiiHe BIDKHOH ,nAA onpe,neneHHH o6nacTH Mace cymeCTBOBaHHH 

XHrrc 6030Ha, Heo6xo,nHMO 3Ha'-IHTeJILHO yseJIH'IHTI, CTaTHCTHK)'. C :non QeJILIO B 1996-

2000 rr. 61,rnH Mo,nepHH3HpoBaHI,I: a) T3BaTpoH, MH yseJIH'-leHHH CBeTHMOCTH H 

3HepmH; 6) yCTaHOBKa CDF, ,nAA yseJIH'leHHH aKcemaHca H ocHamemrn 

61,1CTpO.neiiCTByIOIQHMH ,neTeKTOpHLIMH CHCTeMaMH a,ueKBaTHI,IMH Bh!COKOH CBeTHMOCTH 

T3BaTpoHa. 

KpynHora6apHTHLie CQHHTHJIJIHQHOHHbie C'-leT'-IHKH co c,,eMOM CBeTa 

nepeH3JIYllaIOIQHMH onTH'leCKHMH BOJIOKHaMH B Ka'leCTBe ,neTeKTOpoB MIOOHHOro 

TPHrrepa paHee B 3KCnepHMeHTax Ha ycKOpHTeAAX He npHMeHHJIHCh. I1x CBOHCTBa He 

61,mH H3yqeHLI B ,nOCTaTO'lHOH cTeneHH. K npHMepy, nOJIHOCTLIO OTCYTCTBOBaJia 

HHq>OpMa.L(HH O TeXHH'leCKOH ,nJIHHe ocna6neHHH H eCTeCTBeHHOM crapeHHH ,neTeI<TOpoB 

no,no6Horo THna. 

CBH3b ,nuccepTaQHOHHOH pa60Tbl C TeMaTH'leCKHMH DJiaHaMH HlfP. B. 

,nHccepraQHH o6o6meHLI pe3yJILTaTl,I HCCJie,noBaHHH, BLIIlOJIHeHHLIX aBTOpoM B 1998-

2007 rr. BO BpeMH pa60Thl B O61,e,nHHeHHOM HHCTHTYTe 51,nepHLIX Hccne,noBaHHH 

(Ol15111) (,[(y6Ha, PoccHH) H Fermi National Accelerator Laboratory (EaraBJrn, CIIIA) B 

paMKax npo6neMHO-TeMaTH'leCKOro nnaHa OlUIH (TeMa 02-0-1022-97/08) 11 B paMKax 

npOTOKOJIOB o CQTPYJlHH'leCTBe CaMrY - OlUIH (3118-2-98/01, 3422-2-02/04, 3666-2-

05/07). 

11.eJib pa60Tbl: MO,nepHH3aQHH MIOOHHOro KOMnJieKCa H npeKOHBepTOpa 

3JieKTpoMarHHTHOf0 KaJIOpHMeTPa yCTaHOBKH CDf II C QeJILIO BL!IlOm1eHHH 

BhICOKOnpHOpHTeTHOH nporpaMMhl 3KCnepHMeHTOB Ol15111-<l>HAJI no q>H3HKe TIDKeJILIX 

KBapKOB Ha T3BaTpoHe, BKJIIO'-laIOmeii npeQH3HOHHhie H3MepeHHH Mace t-BKapKa H 

6030Ha, ,neTaJihHOe HCCJie,noBaHHe pacna,uOB B-Me30HOB H ,np. 
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W-

)J,JIH ,n0CTIDKeHHH '.)TOH UeJIH D0CTaBJieHbl H peweHbl 38,!l;&'IH: 

P83pa6oTKa, coo,naHHe H HCCJie,noBaHHe CBOHCTB CQHHTHJIIDIQHOHHhIX ,neTeKTopoB 

HOBOfO noKOJieHHH [1-4] H MeTO,nHK HX npHMeHeHHH B 3KCnepHMeHTax Ha 

yCTaHOBKe CDF II. 

Co3,naHHe CHCTeMI,I CQHHTHJIAAQHOHHI,IX ,neTeKTOpoB MIOOHHoro TPHITepa 

yCTaHOBKH CDF II, BKJIIO'-!a10mero 6onee ll40 CQHHTHJIIDIQHOHHhIX C'-leT'IHKOB 

p83HOfO THna H p83Mepa [l 7]; C03,naHHe annapaTHo-nporpaMMHOro KOMnJieKca ,nM 

HX onepaTHBHOro KOHTpoAA H MOHHTOpHHra [2]. 

Co3,naHHe HOBOro, CQHHTHJIIDIQHOHHOro, npeKOHBepTopa 3JieKTpoMarHHTHOro 

KaJIOpHMeTPR c yseJIH'-leHHl,IMH Ha nopR,D.OK 6blCTpO,neiiCTBHeM H cerMeHTa.L(Heii no 

nceB,n06LICTpoTe ,nJIH _npo,nomKeHHH Ha6opa CTRTHCTHKH npH B03pocrneii 

CBeTHMOCTH T3B8TpoH8 [20, 21]. 

IIpose,neHHe 3KCnepHMeHTOB C QeJII,IO BLICOKOTO'lHOfO H3MepeHHH Mace t-KBapKa H 

W-6o3oHa, npoBepKH CM H noHcKa HBJieHHii 3a ee npe,nenaMH. 

Hccne,noBaHHe eCTeCTBeHHOro CTapeHHH CQHHTHJIIDIQH0HHI,IX C'leT'IHKOB MIOOHHOH 

CHCTeM1,1 yCTaHOBKH CDF II H npomo3HposaHHe HX ,nonroBpeMeHHOii 

3q>q>eKTHBHOCTH [15, 19]. 

Hccne,noBaHHe H o60CHOBaHHe HCnOJII,30BaHHH B YCJIOBHHX nOBI,IWeHHOH 

CBeTHMOCTH T3B8TpoH8 HOBOro MIOOHHOro TPHrrepa L1 B o6JiaCTH 1.0~1111~1.25 

[18]. 

O6'beKTbI u npeAMeT HCCJie,a:osaHHH. O6neKTaMH HCCJie,noBaHHH HBAAIOTCH 

npoQeCCl,I C c,b,t - KB8pKaMH, MIOOHHaH CHCTeMa H TPHITep, npeKOHBepT0p 

3JieKTpoMarHHTHOro KaJIOpHMeTPa, nnaCTH'leCKHe CQHHTHJIAAQHOHHI,Ie ,neTeKTop1,1 

ycraHOBKH CDF II. TononomH <menT0H + CTpyH>> H <<.nHnenTOH» pacna,ua t-KsapKa, 

q>OPMYJII,I MIOOHH1,1x TPHrrepoB .nAA oroopa co6LITHii npH H3MepeHHH Macc1,1 W-6o3oHa 

H ,npymx HCCJie,nOBaBWHXCH npoQecCOB, CBOHCTBa CQHHTHJIAAQHOHHI,JX ,neTeKTOpoB 

(3q>q>eKTHBHOCTI,, o6neMHaH H TeXHH'-leCKaH ,nJIHHI,I ocna6neHHH, BpeMH BI,ICBe'IHB8HHH, 

CBeTOC6op H T.,n.), cnoco61,1 c,,eMa CBeTa co CQHHTHJIIDITOpa H MH.,np. HBAAIOTCH 

npe,nMeTaMH HCCJie,nOBaHHH. 

MeT0,11:bl HCCJie,a:oBaHHH: MeTO,n a6COJIIOTHOH KaJIH6poBKH cneKTpoMeTPH'leCK0ro 

KaHa.rra, (DLM - dynamical likelihood method) MeTO,n HaH6on1,rnero npas,nono,no6HH, 
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MeTO)l «wa6JIOHOB», O)lHOCpOTOHHblH MeTO.ll Eonmrnrepa n ToMaca, MeTO)l onpe.aeneHIUI 

K03q><fmuneHTa CTapeHHH, MeTO.ll onpe.aeJieHHH 061,eMHOH ~HHbl ocna6JieHHR (BAL I) II 

TeXHH'-IecKoii )lJIHHbl oCJia6JieHnx (TAL
2
). 

OCHOBHble DOJI0iKeHHH, BblH0CHMble ua Jauuny: 

1. MeTO)lbl H PeJYJibTaThl HCCJie)lOBaHHH napaMerpoB CUHHTHJIJIHUHOHHblX .aereKTOpoB 

HOBOro nOKOJieHHH C OnTOBOJIOKOHHblM C1,eMOM CBeTa. 

2. PeJyJibTaTbl 3aBepweHHOrO KOMnJieKca pa3pa60TOK H HCCJie)lOBaHHH, BblnOJIHeHHbIX 

C ueJib!O C03)laHHH, BHe.apeHHH H npnMeHeHHH CHCTeMbl CUHHTHJIJIHUHOHHblX 

.aereKTopoB B MIOOHHOM KOMnJieKce H HOBOM npeKOHBeprnpe CDF II B nporpaMMe 

nccne.aosaHnii OIUIH - <l>HAJI Ha T3BaTpoHe B 3KcnepnMeHmx no 

BblCOKOTOqHoMy H3MepeHHIO Mace t-KBapKa H W-6030Ha, H3MepeHHIO napaMerpoB 

0 -o 
ocunnnxunn Bs - Bs Me30HOB n .ap. 

3. MeTO)lHKa H pe3yJibTaTbl HCCJie)lOBaHHH )lOJifOBpeMeHHOH 3q>q>eKTHBHOCTH 

MIO0HHblX CUHHTHJIJIHUHOHHbIX cqfuqnKOB yCTaHOBKH CDF II. 

4. Pe3yJibTaTbl HCCJie)lOBaHHH HOBOro MIOOHHOro TpHrrepa 1-ro ypoBHH B o6nacrn 

l.0<J11J<l.25 B YCJIOBHHX nOBblllleHHOH CBeTHMOCTH T3BaTpOHa. 

Hay•rnaH H0BHJHa pa60Tbl. 

C03)laHHbie HaMH )leTeKT0pbl MIO0HHOro KOMnJieKca CDF H npeKOHBeprnpa 

3JieKTp0MarHHTH0ro KaJIOpHMeTpa o6ecneqHJIH nonyqeHne BIDKHbIX HOBbIX 

HayqHbIX pe3yJioTaTOB no PMY cp~aMeHTaJibHbIX npo6JieM COBpeMeHHOH q>H3HKH 

BbICOKHX 3Heprnii. B qaCTH0CTH, cpe.an pe3yJJbTaTOB no.ao6Horo KJiacca, O)lHH H3 

HaH6oJiee TOqHI,IX, Ha BpeMH nonyqeHHH, H3MepeHHH MaCCbl TOn-KBapKa 

M10p=l 73,5~t~ (stat.) I'3Blc2 
[5, 6] n Mtop=l 70.1 I'3Blc2 

± 6.0(stat.) ± 4.l(syst.) [7] B 

T.H. MO)laX "nenTOH+CTpyn" n ".llHJieIITOH" COOTBeTCTBeHHO, Han6onee TOqHoe 

H3MepeHne Macchl W-6o3oHa Mw= 80413±48 (stat.) M3Blc2 
[16] n .ap. [8-9, 12-14]. 

B 3KCnepnMeHTax Ha KOJIJia~epe BilepBbie peaJIH30BaH )lJIH CUHHTHJIJIHUHOHHblX 

cqerqnKOB 60JJblllOfO pa3Mepa MeTO.ll C1,eMa CBeTa C nOM0I.Ub!O JieHTbl H3 

1 Bulk Attenuation Length - .wnrna, Ha Koropoii caeroaoii cnrnarr )'MeHbmaercJI B e-pa3 no 3aK0H)' 
liyrepa-JlaM6epTa. 
2 TeXHll'!eCKall ,wurna OCJia6JieHllJI CIUIHTifJIJlllUH0HH0f0 )leTeKTOpa orrpe)leJllleTCll KaK .amrna, Ha 
K0T0poii CBeTOB0H CHI'Ha.JI )'MeHhmaeTCJI B e pa3. 
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nepeH3Jl)"-laJOI.Uero onTnqecKoro B0JI0KHa. Hawn HCCJie)lOBaHHH n0Ka3aJIH: no 

UeJIOMY PMY napaMeTpOB )leTeKTop HOBOfO noKOJieHHH npeBOCXO)lHT KJiaccnqecKHe 

CUHHTHJIJIHUHOHHbie cqerqnKH co CBeTOBO)l0M THna "pbI6HH XB0CT"[3, 4, 11]. 

,l{JIH HCCJie)l0BaHHH CBOHCTB )leTeKTopoB no.ao6Horo THna BnepBbie npe)lJIO:JKeH H 

OTpa60TaH MeTO.ll H3MepeHHH COOCTBeHHOfO H3nyqeHHH CUHHTHJJJIHTOpa )lJIH 

onpe.aeneHHH ofo,eMHOH )lJIHHbl OCJia6JieHHH (BAL) n nonyqeHbl H0Bbie 

pe3yJibTaTbl: BnepBble onpe.aeneHO BpeMH HapaCTaHHH (:::,2 HC) HMnyn1,ca caera B 

cnCTeMe «UPS 923A + WLS onTOBOJIOKHo»; anepBble c.aenaH BbIBO.ll o pa3nnqnHx B 

CTpYKTYpe nOJIHMepHblX OCHOB, HBJIHIOI.UHXCH npnqnHOH .llByKpaTHOro 

npeBOCXO)lCTBa nOJJHCTHpOJJbHOro CUHHTHJIJIHTOpa UPS 923A no BpeMeHH CTapeHHH 

a cpaBHeHHH c nOJIHBHHHJIT_OJIYOJJbHbIM CUHHTHJJJIHTOpoM NE 114. 

CoJ.aaH H0BbIH MJOOHHbIH Tpnrrep yCTaHOBKH CDF nYTeM BKJIJOqeHnx B ero coCTaB 

CHCTeMbl KpynHora6apHTHbIX CUHHTHJJJIHUHOHHI,IX cqeTqHKOB c onTOBOJI0KOHHblM 

C1,eM0M CBeTa. PaHee no.ao6Hax MeTO)lHKa B npaKTHKe 3KCnepHMeHTOB no q>H3HKe 

BblC0KHX 3Hepmii npHMeHHJiaCb TOJihKO B KaJI0pHMeTpHH. 

Ilpoae.aeH UHKJI HCCJie)lOBaHHH CTapeHHH CUHHTHJIJIHUHOHHbIX cqfuqnK0B C pa3HOH 

IIOJIHMepHOH OCHOBOH n pa3HbIMH cnoco6aMH C1,eMa CBeTa a pa.anaUHOHHblX 

- YCJIOBHHX. ,l{JIH cqerqnKOB C OIITOBOJJOKOHHblM C'l,eMOM CBeTa BnepBbie: onpe.aeJieH 

BKJIU)l cneKTpoCMeI.UaJOI.UHX BOJIOK0H (20%) B CTapeHHe )leTeKTopa; HaH)leHO, qrn 

TeXHnqecKUH )lJIHHa OCJia6JieHHH (TAL) CBeTa CJJa6o 3aBHCHT OT BpeMeHH [15,19]. 

HaY'IHaH H npaKT1111ecKaH 3Ha'IHM0CTb PeJYJibTilT0B HCCJie.a;oeaHHH. 

OpnmHaJibHbIH cnoco6 C1,eMa CBeTa c noMOI.Ub!O OIITOBOJIOKOHHOH JieHTbl, 

peaJIH30BaHHbIH B HalllHX )leTeKTopax, YBeJIH.'{HJI BpeMH HX 3q>q>eKTHBHOH 

3KCnnyamunn [15, 19], TeM CaMbIM o6ecneqnB MH0fOJieTHHH Ha6op CTaTHCTHKH c 

UeJib!O onpe.aeneHHH MaCCbl t-KBapKa H W-6030Ha C BblCOKOH TQqHOCTb!O, nOHCK 

HOBblX cynepCHMMeTpHqHI,IX qacrnu H Xnrrc 6030Ha, )leTaJibHOe HJyqeHne 

pacna.aoB B-Me30HOB H .ap. 

CymeCTBeHHO M0)lepHH3HpoBaHa CHCTeMa CUHHTHJJJIHUHOHHbIX cq(!TqnKOB 

MJOOHHoro TpHrrepa yCTaH0BKH CDF II [l, 3, 14, 20]: Ha 60% YBeJinqeH ee 

aKCenTaHc. 3-ro )lOCTH:JKeHHe o6yCJioBJieHO C03)laHneM HaMH H BKJIJOqeHHeM B 

COCTaB cneKTpoMeTpnqecKoro K0MnJieKca CDF II 6onee 650 KpynHoMacwTa6HhIX 
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Cl.lHHTHJIJUII.IH0HHblX cqe-rqHK0B c o6meii nJI0ll.laJJ.blO 6onee 300 M
2

, B TOM qHCJie 608 

cqe-rqHK0B c onT0B0JI0K0HHbIM C'beM0M CBeTa; o6ecneqeHHeM CHCTeMOH 

ynpaBJieHHSI H K0HTp0JISI 6onee qeM 1140 Cl.lHHTHJIJIS!l.lH0HHblX cqerqHK0B 

yCTaHoBKH CDF II. 

Ilpe.l(JI0)KeHHaSI H0BaSI MeT0.l(IIKa HJMepeHHSI 061,eMHOH ,!(JIIIHbl ocna6JieHHSI BAL 

Cl.lHHTHJIJISITOpOM co6CTBeHHOfO HJnyqeHHSI n0JB0JIHJia 061,eKTHBHO cpaBHHBaTb 

KaqeCTB0 Cl.lHHTHJIJISITOpoB pa3HbIX npOHJBO,!(HTeneii. 

,[(ml Bbm0JIHeHHSI HCCJie.l(OBaTeJibCKOii nporpaMMhl CDF II npH BOJpocwell 

CBeTHMOCTH T3BaTpoHa (.!(0 2x10
32 

CM-
2c-1 

H Bb!Ille), B KOTOpoii rpe6yeTCSI 

H,!(eHTH<iiHKal.lHSI 3JieKTpoH0B H <tioTOHOB, C0J,!(aH HOBbIH 2600-KaHaJibHblH 

fO,!(OCKOnHqecKHH Cl.lHHTHJIJUII.IHOHHblH npeK0HBeprop c o6meii nJI0ll.laJl.blO 6onee 

40 ~ c ysenH'feHHbIMH Ha nopSl,!(0K 6hICTpo.l(eiicTBHeM H cerMeHTauHeii no 

nceB,!(OfibICTpOTe B cpaBHeHHH c pattee CYll.leCTB0BaBilIHM ,!(eTeKT0poM [20, 21]. 

IlonyqeHhl paHee OTCYTCTB0BaBilIHe CBe,!(eHHSI no CTapeHHIO Cl.lHHTHJIJIS!l.lH0HHblX 

cqe-rqHK0B yCTaH0BKH CDF II: CTaTHCTHqecKH' ,!(0CT0BepHbIM cnoco60M 

yCTaH0BJieH0, 'fTO Cl.lHHTHJIJIS!l.lH0HHbie cqe-rqHKH Ha 0CH0Be noJIHBHHHJITOJIY0Jia 

CTape!OT B 2 pa3a 6blCTpee, qeM cqerqHKH HJ n0JIHCTHpona aHanornqHOH 

reOMeTpHH. KOJIJia6opauHH npe.l(JI0)KeHa M0THBHp0BaHHaSI nporpaMMa JaMeHbl 

TepSl!Oll.lHX 3<li<lieKTHBHOCTb noJIHBHHHJIT0JIY0JibHblX cqerqHK0B, HCnOJibJYJOll.lHXCSI 

Ha yCTaH0BKe CDF c 1992 r. [15, 19]. 

Ilpe.l(JIO)KeH H 3KCnepHMeHTaJibH0 anpo6HpOBaH HOBblH MIOOHHblH TpHrrep 1-ro 

yp0BHSI B o6JiaCTH 1.0<1111<1.25, He06XO,!(HMOCTh B KOT0poM BOJHHKJia B CBSIJH C 

p0CT0M CBeTHMOCTH T3BaTp0Ha. 3THM ,!(0CTHraeTCSI CYll.leCTBeHH0e (6onee 10%} 

yseJIHqeHHe KOJIHqecTBa oT6HpaeMblX co6b!THH c MIO0HaMH B KaqeCTBe 

CHmaTYPHOii (TpHrrepHoil) qaCTHI.lhl [18]. 

PeaJIH38U.HH pe1yJibTaT0B. 11JMepeHHbie HaMH C Bb!COKOH TQqH0CThlO Macca t

KBapKa (BKJIJOqeHHaSI BO BCeMHpH0 npHJHaHHYJO Ta6JIHI.1Y K0HCTaHT PDG) H Macca W-

60JOHa BX0AAT B 061,e.l(HHeHHble .l(aHHble no T3BaTpoHY, KOTOpbie HCn0Jib3YJOTCSI 

rpynnoii <iiHJHKOB HJ DESY (repMaHHS!) ,!(JISI c~eHHSI o6naCTH Mace CYll.leCTB0BaHHSI 

XHrrc 6oJoHa c HcnOJII>J0BaHHeM Mero.l(a "Global FITTER". 
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Ilpe.l(JIO)KeHHbIH onTOBOJIOKOHHblH MeTO,!( C'beMa CBeTa c KpynHora6apHTHblX 

Cl.lHHTHJIJU!l.lH0HHbIX ,!(eTeKTopoB npHMeHeH HaMH ,!(JISI 6onee 600 cqerqHK0B MIO0HH0fO 

TpHrrepa yCTaH0BKH CDF II H MS! .l(eTeKTopoB T.H. "MinBias" TpHrrepa yCTaHoBKH 

ATJIAC. 

)].ocroeepHOCTb H o60CHOB8HHOCTb noJiylfeHHblX pe1yJibTaT0B npoBe,!(eHHbIX Ha 

yCTaH0BKe CDF II MH0fOJieTHHX HCCJie.l(·OBaHHH C npHMeHem1eM B 3KCnepHMeHTe 

aBTOpCKHX pa3pa60TOK ,!(eTeKTOpoB H annaparno-nporpaMMHblX cpe.l(CTB OnHpaeTCSI, 

npeiK,ne BCero, Ha nonyqeHHe conOCTaBHMbIX <iiHJHqecKHX PeJYJibTaTOB Ha .l(pyroii 

yCTaH0BKe - cneKTpoMeTpe DO B <I>epMHJia6; OHH o6ecneqeHbl HCn0Jib30BaHHeM 

K0MnJieKca C0BpeMeHHbIX MeT0,1(0B H cpe.l(CTB ,!(JISI Bblll0JIHeHHSI 3KCnepHMeHT0B, 

xopoweii BOCnpoHJB0,!(HM0CTblO 3KCnepHMeHTaJibHbIX PeJYJibTaT0B, aHaJIH30M 0IlIH60K, 

HenpOTHBopeqHB0CThlO n~eHHbIX peJyJibTaT0B c o6me<iiHJHqecKHMH 

npe,!(CTaBJieHHSIMH H JIHTepaTYPHbIMH ,!(aHHbIMH. 

Anpo6au.uu pa60Thl. OcHOBHble PeJYJibTaThI pa60Tbl .l(0KJiaJl.b!BaJIHCb Ha HayqHO-

MeT0,!(HqecKHX ceMHHapax Jia6oparopHH 51,nepHbIX Ilpo6JieM O6oe,!(HHeHHOfO 

11HCTHTyra 51,nepHbIX 11:cCJie.l(OBaHHH, 51,nepHO-<l>HJHqecK0H na6oparopHH 

CaMapKaH,!(CKOfO rocy.l(apCTBeHHOfO YHHBepCHTeTa, COBell.laHHSIX MIOOHHOH rpynn1,1 

CDF, Me)K.l(yHapo,!(H0M CHMn0JHYMe no MepHbIM HCCJie.l(0BaHHSIM H KOH<tiepeHI.IHH no 

Me,!(Hl.lHHCKHM npHJI0)KeHHSIM B PHMe (2004 r.). IlpHCYJK.neHa nepBasi npeMHSI OIUil1 B 

2006 r. 3a l.lHKJI pa60T no HCCJie,!(0BaHHIO CBOHCTB Cl.lHHTHJIJIS!l.lH0HHblX .l(eTeKT0poB 

MIO0HH0fO TpHrrepa YCTaH0BKH CDF II II BT0pasi npeMHSI 31IAR no HT0faM K0HKypCa 

ny6JIHKa11Hii B ~Hane "IlHCI>Ma B 31IAR" Ja 2005 ro,!(. 

Ony6JiuicoeaeeoCTb pe1yJihTaT0B. OcHOBHI>Ie peJyJII>TaThl .l(Hccepm11HH 

ony6JIHKOBaHbl B 21 HayqHblX pa60Tax, B npeCTH)KHbIX nepH0,!(HqecKHX HayqHblX 

HJ,!(aHHSIX :-- "<I>HJHKa 3neMeHTapHbIX qaCTHI.1 H ATOMHOfO 51,npa", "IlHCbMa B 3qA51", B 

~Hanax Nuclear Instruments & Methods, Physical Review D, Physical Review Letters. 

JIH'IHblH BKJia,n. CoHCKaTeJieM cct,opMynHpoBaHbl H o6ocHOBaHbl l.leJib H 3a,naq11 

HCCJie,!(0BaHHSI. Bee 3KCnep11MeHTbI, BKJIJOqeHHbie B pa60Ty, Bblll0JIHeHbl JIHqH0 

COHCKaTeneM JIH6o npH ero 'Henocpe,!(CTBeHHOM yqaCTHH. B K0JIJieKTHBHbIX pa60Tax 

BKJiaJJ. COHCKaTCJISI SIBJIS!eTCSI onpe.l(CJISl!Oll.lHM, HayqHbie o6o6meHHSI 11 001,S!CHeHHe 
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pe3yJU,TaTOB, rrpe,nCTaBJieHHblX B HaCTOHUJett pa60Te, BbllI0JIHeHbl mfqHQ aBT0poM 

,naHHOH ,n11cceprn111m. 

CroyKTVpa llnccepTaunu. )l11cceprn1111» COCTOHT H3 BBe,neHHH, qer1,1pex rnaB H 

3aKJIJOqeHHH, B KOT0poM rrpHB0,nHTCH OCH0BHbJe pe3yJibTaTbl. Co,nepJKaHHe pa60Tbl 

H3JI0JKeH0 Ha 141 CTp8HH1.18X TeKCTa H rrpe,nCTaBJieH0 Ha 78 pHCYffKax H B 8 Ta6JIHJ.18X, 

CIIHC0K I.IHTHpyeM0H JIHTeparypbl co,nepJKHT 82 HaHMeH0BaHHH. 

OCHOBHOE CO)];EP)KAHIIE PAliOTbl 

Bo BBelleHHU II0K83aHa BaJKH0CTb H aKryaJibHOCTb pa60Tbl, ccl>OPMYJIHpoBaHbl ee 

I.IMH, rrepeqHCJleHbl BblH0CHMble Ha 3a11JHTY Pe3YJibTaTbl, rro,nqepKHyTbl HX H0BH3Ha H 

npaKTHqecKM ueHH0CTb. 

B nepnoii · rJJane npHBe,neH0 o6111ee 0nHCaHHe YCK0pHTeJibH0ro K0MnJieKCa 

T3BaTpoH H yc-raH0BKH CDF II, B coJ,naHHH p»,na KJIJOqeBbIX Y3JI0B Koropoii aBrop 

npHHHMaJI nenocpe,nCTBennoe yqac-rHe. )lana nporpaMMa 0CH0BHbIX 4>m11qecKHx 

HCCJie,noBaHHH Ha 3TOH yc-raH0BKe. 

YCTaHOBKa CDF II HBJIHeTCH ,nereKTopoM 06111ero HaJnaqeHJrn H crrpoeKTHpoBaHa 

,nJIH H3yqeHHH npoT0H-aHTHnpoT0HHblX CTOJIKHOBeHHH na ycK0pHTene T3BaTpoH B 

<t>epMHna6. 

ITOBbllllelme nonnoii 3HeprnH B CHCTeMe uenTpa Mace CTaJIKHBaJOUJHXCH qaCTHJ.1 C 

1.8 T3B .n:o 1.96 T3B, CBeTHMOCTH C 2.5x1031 
CM

02c"1 
.no 3x1032 

CM·
2c·1 

(B Ha6opHblX 

ceaHcax Run I H Run II cooTBeTCTBenno), a TaKJKe ycosepmeHCTB0BaHHe ,nereKTopoB H 

yBen11qen11e aKcenTaHCa yCTaH0BKH CDF II03B0JIHJIH pe3K0 YBeJIHqHTb na6HpaeMYJO 

CTaTHCTHKY- B Hccne,nosaTeJibCKOH nporpaMMe na yc-raH0BKe CDF II M0JKH0 BbI,neJIHTb 

cne.nyJOUJHe HanpaBJieHHH, 0TH0CHUJHeCH K qHcny 00060 3HaqHMblX npo6neM 

cospeMeHHOH cl>H3HKH BbJC0KHX 3Heprntt: 

• 
• 
• 

H3yqeHHe CBOHCTB t-KBapKa, H3MepenHe MaCCbl t-KBapKa C BbJCOKOH ToqnoCTbJO; 

H3MepeHHe MaCCbl W-6030Ha C BbICOKOH T0qH0CTbJO; 

II0HCK qaCTHu XHrrca H T.,n • 

YCTaHOBKa CDF II (p11c. 1) HMeer BhlC0KoToqnyio CHCTeMY pernCTpa111111 

3ap»JKeHHblX qaCTHI.I, KaJI0pHMeTpHqeCKyJO CHCTeMY BbJCOKOH rpaHyAApH0CTH H 

CHCTeMY ,nereKTHpoBaHHH H H,neHTHcl>HK81.1HH MIO0H0B. 
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Puc. 1. Y CTaHOBKa CDF a pa:3pe3e. 

Henocpe,nCTBeHHO BOKpyr BaxyyMH0ii KaMepbl, r.ne npoHCX0,nHT CTOJIKH0BeHHH 

nporoH-aHTHITpoTOHHblX nyqK0B, pa3MeUJl!H KpeMHHCBblii BepmHHHblii .nereKTop, 

IT03BOJIHIOUJHii BeCbMa roqno peK0HCTpyHpoBaTb TpeKH C I.ICJlblO IT0HCKa B TpHITepH0M 

peJKHMe BTOpHqHI,IX BepWHH OT pacnll,lla K0poTK0,KHBYUJHX qaCTHu C TH,KeJiblMH 

KBapKaMH. 

3a . KpeMHHeBblM BepmHHHblM ,nereKTOpoM pacnOJI0)ICCHa I.ICHTpaJibHM raJ0BaH 

TpeK0BaH CHCTeMa, KOTOpM IT03B0J!HeT BOCCTaHaBJIHBaTb TpaCKTOpHH pernCTpHpyeMblX 

qaCTHJ.1. Ona BMCCTe C KpeMHHCBblMH ,nereKTOpaMH o6pa3yeT e,nHHyJO TpeK0ByJO 

CHCTeMY. 

E,nHHM TpCK0BM CHCTCMa yCTaH0BJICHa BHyTpH csepxnpoB0,nHll.lero 

COJICH0H,naJibH0ro MarHHTa pa3MCpaMH 1.5 M no pll,llffYcy H 4.8 M ,nJIHH0ii, KOTOpblii 

coo,nal!T none BeJIHqHH0ii 1.4 Tee/la (MaKCHMaJibHM BeJIHqHHa - 1.5 Tee/la) napaJIJICJibH0 

nyqey qacTHI.I B IT0JIC3H0M o61J!Me pll,llHYCOM 1.4 M H ,nJIHHOii 3.5 M. 

3a COJICH0H,n0M pacnOJI0)ICCHa KaJI0pHMeTpHqecKM CHCTCMa. C ee IT0M0ll.lblO 

onpe.nerunoT 3HeprHIO H Koop,nHHaTbl 3JICKTpoH0B, cl>OTOHOB, ll,llp0H0B, a TaKJKe CTpyii. 
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KanopHMerpHqecKasl CHCTeMa COCT0HT HJ OT)J,eJibHbIX 3JieKTp0MarHHTHblX H a,npoHHblX 

KaJI0pHMeTpoB, 

MrooHHasl CHCTeMa HBJUleTCH npHHUHilHaJibH0 Ba)KHOH qaCTblO yCTaH0BKH CDF II H 

C0CT0HT HJ CUHHTHJIJ!RUHOHHblX cqeT'IHK0B H .npeiI4>0BblX KaMep. 

CHCTeMa c6opa ,naHHbIX yCTaH0BKH CDF II cnoco6Ha npHHHMaTb BX0J:IHIUyIO 

HH4>opMaUHIO OT )J,eTeKT0poB c qaCTOTOH .no 1.7 MI'lf. TpexypoBHeBasi: CHCTeMa 

TPHrrepoB Il0JB0JIHeT CHHJHTb K0HeqHyIO qaCT0TY JanHCH Ha IlOCTOHHHblH H0CHTeJib )J,0 

50I'lf. 

CneuHaJibH0 pa3pa60TattHoe nporpaMMHoe o6ecneqeHHe ocyw:eCTBJIHeT 

M0HHT0pHpoBaHHe H K0HTpoJlb )J,eTeKT0poB yc-raH0BKH B pe,imMe peanbH0f0 BpeMeHH 

npH Ha6ope ,l],aHHblX Ha T3BaTpoHe. 

Bo BTODOH rJiaBe 0ilHCbIBaeTCH CHCTeMa MlO0HHblX CUHHTHJIJIHUH0HHblX cqeT'IHK0B 

yc-raH0BK_H CDF, a TaIOKe oprattHJaUHH c6opa .naHHbIX, ynpaaneHHe napaMerpaMH, 

onepaTHBHblH K0HTpoJib H M0HHT0pHpoBaHHe CUHHTHJIJIHUH0HHblX cqeT'IHKOB. 

IlpHB0)J,HTCH PM cyw:eCTBeHHblX <l>HJHqeCKHX peJyJibTaTOB, ,lJ,0CTHrHYTbIX C yqaCTHeM 

MlO0HH0ro TPHrrepa. 

111!1-CMX E:1-CMP Effl-CMU 11!121-CMX ~-CMP 13:§-CMtJ--IMU 

• 

¢ 

.. ,, 
Puc. 2.-AiccerrTilHc MJOOHHoii CHCTeMbI CDF B 

Ha6opHhlx ceattcax Run I - CJieBa H B Run II -
cnpaBa. 

Ilo nnaHy pa3BHTHH YCTaH0BKH 

CDF Me;K)J.Y Ha6opHbIMH ceaHCaMH 

Run I H Run II B MIO0HHyIO CHCTeMy 

)J.06aBJieHO JHaqHTeJibH0e KOJIH-qeCTBO 

(6onee 700) H0BblX cqfuqHKOB. H 

.npeiI<l>OBblX KaMep. B peJyJibTaTe 

aKcenTaHc MIOOHHOH cHCTeMbI CDF 

6bIJI yaeJIHqeH pa,nHKaJibH0, Ha 60%, a 

cpaaHeHHH c ceaHC0M Run I (pHC. 2). 

MroOHHble CUHHTHJIJIHUH0HHbie cqeTqHKH Il0KpbIBaIOT o6JiaCTb nceB)J.06blCTpoT 

0 < 1171 < 1.5 H crpynnHpoBaHbl B CJie,lJ,yIOIUHe 0CH0BHble Il0)J,CHCTeMbl (pHC. 3): 

• Mo.nepHHJHpoBaHHbIH U:eHTPaJibHbIH M100HHbIH CUHHTHJIJIHUHOHHbIH .ll:eTeKTop -

cqfuqHKH CSP
3 

B HHTepBane 0 ::s; 1171 ::s; 0.6; 

3 CSP - Central Scintillator uPgrade. 
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• PacwHpeHHe U:eHTPaJibH0ro MIOOHHOro CUHHTHJIJIHUHOHHOro ,AeTeKTOpa 

cqe-rqmm CSX
4 

H C'leT'IHKH CSX «miniskirt» (MSK) B HHTepBane 0.6 s 1171 s 1.0; 

• CUHHTHJIJIRUHOHHbie C'leT'IHKH Ilepe.nHeit MrooHHOH CHCTeMbI IMU5
: C'leTqHKH 

BSU, o6nerarow:He ropoH)J.bI, H C'leTqHKH TSU BffYTPH ropoH)J.OB B HHrepaane 

1.0 s 1171 s 1.5. 

, 

-)_~ 
-; 

(West) 

Pac. 3. CHCTeMa MlOOHHblX 

CUHHTHJIJDIUHOHHbIX CqeT'IHKOB yCTaHOBKH 

CDF II. 

O6w:ee KOJIHqeCTBO MlOOHHblX 

CUHHTHJIJDIUHOHHblX C'leT'IHKOB Ha 

CDF II npeBocxO,lJ,HT 1140 WryK. 

lfcnOJibJ}'IOTC.8 C'leTqliKH pa3Hb!X 

THilOB CO C'beMOM CBeTa: C IlOMOIUblO 

nJieKCHmacoooro CBeTOBO,lJ,a (T. H. 

«CTapble» C'leT'IHKH), C IlOMOIUblO 

cneKTpoCMeIUaIOIUHX BOJIOKOH (T. H. 

C'leT'IHKH HOBOro nOKOJieHH.8) H COB• 

MCIUaIOIUHe o6a yi<aJaHHbIX cnoco6a 

(T. H. <<MO)J.epHHJHp<>BaHHble»). OHH pa3,lJ,eJIJIIOTC.H Ha .naa BH)J.a no THny HCilOJibJyeMblX 

ct,OTOYMHO)KlfTeJICH (fl>3Y): CqeT'IHKH C TPa,llHUHOHHbIM C'beMOM CBeTa H 60JibWHM 

fl>3Y; cqeT'IHKH c OilTOBOJIOKOHHblM C'beMOM CBeTa H ct,OTOCeHCOpaMH Ha OCHOBe 

MHHHaTIOpHbIX fl>3Y. 

MlooHHbIH KoMnneKc (MK) HrpaeT npHHUHnHaJibffYIO ponb Ha yCTaHOBKe CDF II. 

CuHHTHJIJIHUHOHHble C'leT'IHKH H .npeitct,oable KaMepbI MK HCilOJib3YIQTCH npH 

ct,opMHpoBaHHH TPHrrepoB (Ta6JI. I) Ha "off-line" aHaJIHJe npH or6ope H HCCJie,lJ,OBaHHH 

WHpoKOro Kpyra npOTOH-aHTHnpoTOHHblX B3aHMO)J,eHCTBHH C yqaCTHeM c,b,t-KBapKOB, 

r.ne, no YCJIOBHJIM 3KCnepHMeH-ra, O)Klf)J,aeTCH po~eHHe MIOOHa B uenO'IKax pacna.na 

BTOpH'IHblX 'laCTHU [I 7]. 

HanpHMep, B HCCJie,noBaHHH npoueccoB c t-KBapICaMH TPHrrep IMU BTOporo ypoBH.H 

L2 ct,opMHpyeTcH HJ TPHrrepa nepooro ypoBHH LI c .nonoJIHHTeJibHblM TpeOOBaHHeM 

HaJIH'IH.H B a.npoHHOM KaJIOpHMeTpe CTPYH c 3Hepmeit Er>l5 I'3B B o6nacTH 

1171 < 1.1 (-ra6n. I, CTpoKa I H 2, yCJioBHe CJET15). A TPHrrep )J,Jl.8 or6opa MIOOHOB c 

4 CSX - Central Scintillator extension. 
5 IMU - Intennediate Muon Upgrade, BSU - Barrel Scintillator Upgrade, TSU - Toroid 
Scintillator Upgrade. 
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Ta6.rI11Qa I. IlpHMephl "on-line" TpHITepoB nepnoro II nroporo yponnll m o6IQero na6opa 
IICilOJThJOBaB!lillXCll TpllITepoB (JieBaJI KOJIOIIB:a). ~<l>Phl B npanoii KOJIOHKe COOTBeTCTB)'IOT 
nepe•mCJieHHhIM B CilllCKe JI11TepaTYJ)hl 3KCnepHMeHTaM, r,11e CQiflITH]IJIJIQIIOHHhle cqe-rIIIKII 

ff-line oT6o 
N IlOJIHlUI <l>ODMVJia TJ)llrrepa Cll. Cqe'I'IIIKII 3KCnep11MeHTLI 
I L 1_BMU10_BSUR..:..TSUO_&_CLC BSUR11TSU 

• L2_CJET15_L 1_BMU10_BSUR_TSUO I.25<ITJl<l.5 
o L3_CENTRAL_JET_20 
• MUON_CENTRAL_JET20_L 1_BMU10_BSUR [5•7, IO] 
• MUON_BMU_ 1 

2 L1_BMU10_BSU_PT11 BSUF 

• L2_CJET15_L 1_BMU10_BSU_PT11 I.0<ITJl<l.25 
o L3_CENTRAL..:..JET_20 
• MUON_CENTRAL_JET20_L 1_BMU10_PT11 [5-7], [IO, 14] 

• MUON_BMU_ 1 

• L2_RL2HZ_L 1_BMU1 0_BSU_PT11 
o L3_BMU9 
• MUON_BMU9_L 1_BMU10_BSU_PT11 
• MUON_BMU_1 

3 L 1_CMU1 .5_PT1 .5_&_CMX1.5_PT2_CSX CSX11MSK 

• L2_CMU1 .5_PT1 .5_&_CMX1 .5_PT2_DPHl120_OPPQ 0.6<ITJl<L0 
0 L3_JPSI_CMUCMX 

[12] • JPSI_CMU1 .5_CMX2 
• JPSIMUMU_ 1 

0 L3_LOWMASS_CMUCMX_SUMPT 
• RAREB_CMUCMX_SUMPT 

• BRARE1 

• L2_CMU6_PT4_&_CMX1.5_PT4_CSX -
·o L3_DIMUON_CMU4CMX4 

• DIMUON_CMU4_CMX4 
• SUSY DILEPTON 2 [10.141 

4 L 1_CMX6_PT8_CSX CSX11MSK 
<,L:;;:'.7',0<' 

o.6<1TJl<L0 • L2_AUTO_L 1_CMX6_PT8_CS}( 
0 L3_CMX8_ TRACK5_1SO 

• TAU_CMX8_TRACK5_1S 
0 

• TAU_LEPTON_1 

• L2_CMX6_PT15_JET10 
0 L3_MUON_CMX18 

• MUON_CMX18 
• HIGH PT MUON 1 [5-7, 9, 13, 14] 

5 HcnOJib:lylOTCll B "off-line" aHaJIIIJe, CSP II CSP Wall [5-7,9,10], 
n0/1.roTaBJIIIBaJOTCll K BKJIIOqeffl!IO B "on-line" -rp11rrep 0<ITJl<0.6 [12-14,16] 

60JihlllllM nonepeqHhIM IIMilYJihCOM B o6JiaCTII 0.6 ~ 1771 ~ 1.0 II TPe60BaH11eM HaJI11qm1 

CTpYH B QeHTPaJihHOH o6JiaCTH COF (rn6JI. I, CTpOKa 4, PT15 11 JETI0), 11cnoJihJye-rcx B 

IICCJie,UOBaHHII MHOrHX npoueccoe, KaK yKaJaHO B KpaHHeH npaeoii KOJIOHKe 4-CTpOKH. 

Ha co6hITIIX, oT06paHHhie "on-line" TPHrrepaM11 np11 .UaJihHeiillleii o6pa6oTKe MOryT 

HaJiaraTbCX ,UOITOJIHHTe/IhHble TPe60BaHHX. K np11Mepy, npH IIJMepeHHII MaCChl t-
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KBapKa B MO.Ue "JienTOH + CTpYH" C06b!TIIX OT611paJIIICh .llJlji aHaJIHJa C TPe60BaHHeM 

3JieKTPQHH0ro IIJIH MIOOHHOro KaH,UH,llaTa C nonepeqHhIM IIMilYJihCOM p,>20 I'3B II 

I T/ I <l II KaH.UH.UaTa Ha HeHTPIIHO c He,uoCTaIOll.{eii 3Heprneii npeBhllllaIOll.{eii 20 

I'3B. ,l{n:x no.uasJieHHX 4>0Ha Tpe60BaJIOCh TaIOKe: 

a) 4 CTpYH c nonepeqHoii 3Heprneii E,>21 I'3B 

6) TPII CTPYH c Ei>I5 I'3B H qernep-rrui CTpyx c E,>8 I'3B np11 yCJios1111, qTO o,uHa 

CTpyx c Ei>I5 I'3B 11,ueHrn4>11Q11posaHa KaK Kall,llHJlaT Ha b KBapK, T.e. c Haxo)K,lleH11eM 

BT0p11qHoii seplllllHhI OT pacna,na "bottom" a,npoHa (b tag). 

TaKIIM cnoco6oM 6hIJIO OTo6paHO 165 C06h!THH - KaH,llll,UaTOB Ha o6pa30BaHHe ti -
napbI. 

113MepeH11e MaCChl TOil KBapKa npoBO.UHJIOCb .UBJMX cnoco6aM11 Ha 318 n61 

Ha6paHHOH CTaTHCTHKII. IlepshIH cnoco6, IIJBeCTHhIH KaK OLM [6] (dynamical 

likelihood method) 11cnoJihJyeT MeTO.ll Ha1160Jiblllero npas.uono.uo611x B Ka)l(JlOM 

0T,lle/IbHO B3XTOM COOh!THH .llJlji onpe.uerreHHX MaCCbl TOil KBapKa KaK «i>YHKQHII 

0CHOBHOro MaTPHqH0ro 3JieMeHTa npo.uyKTOB ti pacna,noB, T.e. onpe,UeJijieTCX 

.u114>4>epeHQllaJibHOe ceqeHHe Ha e,UIIHIIQY 4>a3osoro ofu.eMa 0K0HeqHoro COCTOXHIIX 

napTOHOB da,/d<l>, KaK «i>YHKUHX M,op• B K0HeqHoM PeJYJihTaTe nonyqaeM 

"o6'he.UHHeHHyIO" 4>YHKQIIIO npae.uono.uo6l{ji, onpe,ueJij!IOll.{YIO Macey TOIT KBapKa M,op 

nepeMHO:>KeHlleM 4>YHKQIIH Ha1160Jihlllero npas.uono.uo611x OT 0T,lle/IbHblX C06hITHH. 

BTOpoH cnoco6 IICITOJih3YeT peKOHCTpYKQHIO MaCCbl Ka)l(Jl0ro Ton KBapKa m;•co II 

ITOCJie,UyIOll.{ee cpaeHeHHe pacnpe.uerreHIIX m;eco c "llla6JIOHHbIMII" pacnpe.uerreHHXMII c 

np11MeCbIO 4>0Ha, n~eHHhIMII ITYTeM MO.UerrHpoBaHHX .llJiji Ha6opa Mace TOil KBapKa 

M,op=(I40+220) I'3Blc2 [5]. 

Ha pHc. 4 noKaJaHO pacnpe.uerreHHe JHaqeHHH Mace t-KsapKa, onpe.uerreHHhIX OLM 

MeTO.UOM Ha CTaTHCTHKe 63 C06bITIIX. 3HaqeH11e M,op= 173,2~;:: (stat.) I'3Blc2 

onpe.uerreH0 KaK MaKCIIMJM «i>YHKQIIH npas.uono.uo6m1. C11CTeMaT11qecKax norpelllHOCTh 

0QeHeHa KaK C.UBHr Mu,p, IlOJiyqeHHhIH HJMeHeHlleM (JES) 3HeprernqecKOH lllKaJibl CTpyii 

Ha Io-c II COCTaBJijieT 3,0 I'3Blc2 [6]. 
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0so 100 120 140 160 180 200 220 240 260 280 300 
Per-Event Mass at Maximum Likelihood (GeVici 

Pnc.4. Macca Ton KBapKa KUK MaKCHMYM q>)'HKUHH 

(DLM) npaanonono6llil. 3KcnepHMeHTaJibHble 

J]aHHbie (TO'-IKH) cpaBHHBUIOTCJI C OJlmJ]aeMblM 

pacnpeneneHHeM (rncrnrpaMMa), nonyqeHHbIM 

MOJ]enHpoaam1eM tt (M10P=I 72,5 I'3Blc2
) 

pacnaJ]OB H q>OHOBbIX co6b!THH [6], 

PHc. 5 HJlmocrpupyeT pacnpe

.nenenue 3naqeunii Macchi TOTI 

KBapKa, onpe.neneIIHhlX MeTO.D,OM 

wa6nonoa. Bo acex cnyqaJ1x au.nna 

cornacoBaHHOCTh rHCTorpaMM C 

<jmrnpoaannoii KpHBOH. Ilonyqen 

pe3yllhTaT M10P = 173,5~~:~ (stat.) 

I'3Blc2
, r.ne CTaTI1CT11qecKaJ1 

norpew11ocTh BKmoqaeT ueonpe

nencnIIoCTh a JES, oueuenuyw a 

""2,5 I'3Blc2 [5]. 

B qHCJle cymecTBeHHhlX 

pe3yJlhTaTOB HHHUHHpOBaHHhlX ll .D,OCTHrHYThIX npH aKTllBHOM yqacTHH aBTopa HOBhlX 

pa3pa6ornK, a .naHIIOH rnaae YKa3hIBaIOTCJI cne.nywm11e: 

~ 
'3 -;;;. 
~ 
! 

2-bg; 16 EfffltS t-lag Tight: S7 eve-nls 

~j 
!; 

i 
Pnc.5. PacnpenenettHe m;'co , nonyqettttoe MeTOJlOM 

rna6JIOHOB, annpOKCHMHpoaaHO OlKllJ]aeMblM 

pacnpeneneHHeM, nonyqeHHbIM KOM611HHpOBUHHbIM q>HTOM C 

HCnOJib3OBUHHeM M,op, JES H HOpMHpOBaHHbIX CHrHaJIOB H 

q>OHa [5). 

· • IlporpaMMa «Muon Moni-

tor», pa3pa60TaunaJ1 H 

cm.nannaJ1 na ocnoae npor

paMMHOro naKeTa Visu

al C++ n Visual Basic oT 

qmpMhI Microsoft, c.nemurn 

BO3MOlKHhlM ynpaaneu11e 

pa6oToii acex ycrpoiicTB, 

pacnpe.D,CJlJIIO!llHX BhlCOKOe 

nanpJ1lKenne. Cm.naHa pa

nee OTCYTCTBOBaBWaJI 3JleK

rponnaJI 6a3a .nanHhIX no 

OCHOBHh!M napaMerpaM 

CUI1HTI1JlJlJIUHOHHh!X cqe-rqHKOB, 06pamaJ1Ch K KOTOpOH, nporpaMMa «MuonMonitor» 

MOlKeT caMOCTOJITeJlhHO BhlCTaBJlJITh 3a)laHIIhie Bh!COKI1C;; nanpJ1lKeHI1JI <t>3Y H ypoBHH 

noporoa Ha .!lHCKpHMHHaTopax. 
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• C03.!laHHaJI na ocnoae nporpaMMHoro o6ecneqeHHJI iFIX
6 

nporpaMMa «MuonMain», 

pattee, .no Haqana ttaumx pa3pa60TOK, OTCYTCTBOBaBWaJI Ha CDF, l1HTCrpHpoBatta B 

rno6aJlhHYI0 CHCTCMY KOHTpoJlJI H a pelKHMe peanbHOro BpeMCHH KOHTpoJIHPYCT 

38,z:taHHhie rrapaMerphl MIOOHHh!X CIIHHTHJIJlJIUHOHHhlX cqeT'IHKOB. KalK,!lhlC 15 MHHYT B 

TeqeHHC 30 ceKYH.D. rrpOHCXO.D,HT MOHHTOpHpoBaHHC BhlCOKOro HanpJ1lKeHHJI ::::,1200 <t>3Y . 
H rroporoB 551 rrpe.nyCHJIHTCJlJI. 

• KpoMe BhIIIICOIIHcaHHhlX nporpaMMHhlX pe111eHHH rrpHMCHJICTCJI BCTpoCHHaJI B 

rno6anhHyIO CHCTCMY KOHTpoJIJI CDF CHCTeMa orreparnattoro KOHTPOJlJI COCTOJIHHJI 

OT.D,eJihHhlX ycrpoiiCTB: pacrrpe.D,eJIHTeJICH-IIpHeMHHKOB BhlCOKOro HaIIpJl)KCHHJI H 

HH4>opMaUHH, HCTOqffHKOB H paBCTBHTCJICH BhICOKOro HarrpJl)KCHHJI, BCCX 

38,z:tCHCTBOBaHHhIX KAMAK KpeHTOB, 6a3HCHOro KOMIIhIOTepa KOHTpoJIJI H yrrpaaneHHJI. 

CSPWd,Ceupo-eanl,AHd CTWHUI CSPWall.~IIICTetU 

~ r ···.:··········· •• iu' •• • ••••--•• 

1: 
,. - - ... -

o.t'NNk, Nt 

CSP Wall, t0ro-eanaAHa OT8ttlla 

1-+·· . .-.· .. .-..... ·.• . .-···: :·• 
i:~ . 

. . . . . 
""""'--"' 

i . 
iu 

I: 

. ........ _ ..... . 

""""'--"' CSPWall,~c:retta 

·····:· .. :-·.. ·:·. 

" °'"""'~"' 
PHc. 6. 3q,q>eKTIIBHOCTH ctii:!T'lmcoB CSP Wall. 

• Pa3pa60TaHHOC rrporpaMMHOC o6ec-

rreqCHHC .D,JlJI KOHTpoJlJI .D,OJiroBpeMCH

HOH CTa6HJihHOCTH rrapaMCTpoB cqCT

qffKOB IIO3B0JlJICT BhlJIBJIJITh OT.D,eJih

HhlC JIH6o rpyrrrry CtJeTqHKOB C HH3KOH 

34>4>eKTHBHOCThIO. PHc. 6 HJIJIIOCTPH

PYCT 34>4>eKTHBHOCTh cqCTqHKOB 

CSP Wall, rronyqeHHYIO cpaatteHHCM 

KOJIHqeCTBa cpa6aThlBaHHH cqCTqffKOB 

H rpCKOB, rrpoBC.!lCHHhlX B COOTBCT-

CTByIOIIIHX .npeii4>0Bh!X KaMepax 

CMP/CMU. B cnyqae Ha6n10.neHHJ1 HH3Koii 34>4>eKTHBHOCTH cqcrqHKOB orrpe.neJ1J110TCJ1 

rrpH'IHHhI HCHcrrpaattocreii H ycrpattJ1IOTCJ1. 

BhllllCOIIHCaHHI,IC MCphl o6ecrreqHJIH .l(OCTH)KCHHe H IIO.!l.l(Cp)KaHHC CTa6HJihHOH 

34>4>eKTHBHOH pa60Thl CIIHHTHJIJlJIIIHOHHh!X cqCTqHKOB MIOOHHOH CHCTCMhl CDF II B 

.!lJIHTeJihHhlX ceattcax Ha6opa 4>H3H'leCKHX .l(aHHhlX. 

C03.l(aHHhlH arrrrapaTHO-IIporpaMMHhIH KOMIIJieKC c6opa .l(aHHhIX, yrrpaBJICHHJI 

rrapaMerpaMH H orrepaTHBHOro KOHTpoJlJI o6ecrreqHJI 34>4>eKTHBHOC 4>YHKIIHOHHpoBaHHC 

CIIHHTHJIJlJIUHOHHI,IX C'leT'IHKOB MIOOHHOro TPHITepa CDF II rrpH Ha6ope 4>H3HqecKHX 

6 iFix - mmen3noHHLlii naKe-r rrporpaMM q>HpMhl «Intellution» 
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,naHHbIX B npoBO,!lHMOM HbIHe Ha T:rna1pcme ceaHce Run II H BHec BeCK}'lO nemy B 

nonyqeHHe Ba)KHbIX HOBbIX peJyJihTaTOB npHHUHIIHanbHOro Hay,rnoro JHaqeHml no 

q>HJHKe c,b,t - KBapKoB, si - BJ- cMeIImBaHHIO, H T.,n. B qaCTHOCTH, cpe,nH peJynhTaTOB 

no,no6Horo KJiacca, ,n0CTHrHYTbIX c npHMeHeHHeM COJ,naHHbIX ,neTeKTOpoB MIOOHHOro 

KOMIIJieKca CDF, HJMepeHHe MaCCbI t-KBapKa, npHBe,neuuoe BbIIIIe [5, 6], ,npyroe 

HJMepeuHe :noii BenHqHHbI M,0p=170.1 I'3B/c2 
± 6.0(stat.)±4.l{syst.) [7] B T.H. 

",nHJieIITOHHOH" MO,ne, HaH6onee TOqHoe HJMepeHHe MaCCbl W-6030Ha 

Mw= 80413±48 (stat.) M3Blc2 
[16], PM cyIIIeCTBeHHbIX npoBepoK CM [10, 13, 14] H ,np. 

B nonyqeHHH 3THX peJyJihTaTOB orrpe,neJUIIOllIYIO pollb Hrpana Bb!COKWI 3q>q>eKTHBHOCTb 

perHCTpaUHH 3JieKTpoHOB (.no 96 %) H MIOOHOB (.no 90 %). 

B rneT&eii rJiaBe OIIHCbIBaeTCH rrpHHUHII pa60TbI, HCCJie,noBaHHe OCHOBHblX 

rrapaMeTpOB [4] H TeXHOJIOrHH MaCCOBOro HJfOTOBJieHHH CUHHTHnnHUHOHHbIX cqeflIHKOB 

HOBOro IIOKOJieHHH Ha OCHOBe YKPaHHCKOro CUHHTHJIJIHTOpa UPS 923A co cseroc6opoM 

crreKTpocMell(a!Oll(HMH BOJIOKHaMH, BIIepBbie npHMeHeHHblX HaMH B KOnnaii,nepHbIX 

3KcrrepHMeHmx [3, I I]. 

cqMHTMMmop 

eon~oKHa ~ -.. =oor 
/ amamatsu H5783 

C cbgrOyMHOJKMTeneM R5600 

Puc. 7. CxeMa~ecKHii BHJJ; 

C~TllJIJIJIIJ.IIOHHblX Cqef'IHKOB CO 

C'bi!MOM CBeTa OIITOBOJIOKOHHOll JieHTOil:. 

OnTOBOJIOKOHHbIH C'beM CBeTa (pHC. 7) 

HMeeT Ba)l(Hble rrpeHMYII(eCTBa B cpaBHeHHH C 

KJiaCcHqecKHM MeTO,!lOM c6opa CBeTa 

IIJieKCHrJiaCOBblMH CBeTOBO,!laMH, rJiaBHblMH HJ 

KOTOpblX HBJIHIOTCH KOMIIaKTHOCTb (YMeHbIIIe

HHe HeqyBCTBHTenbHOH 30Hbl ,neTeKTopa), 

HCIIOJib30BaHHe MHHHaT!OpHoro (T.e. BOJMO)K

HOCTb rrpHMeHeHHH B CHJibHbIX MarHHTHblX 

IIOJIHX 6eJ ,!lOIIOJIHHTeJibllOH 3KpaHHJ)OBKH) 

<l>3Y H ,nonrospeMeHHWI 3q>q>eKTHBHOCTb (T.e. 

MeHbllIWI JaBHCHMOCTb CBeTOC6opa OT 

eCTeCTBeHHOH ,nerpa,lWUHH CUHHTHnnHTOpa co 

BpeMeHeM). 

C6op CBeTa s CUHHTHnnHUHOHHblX 

cqeTqHKax HOBOro IIOKOJieHHH rrpOHCXO,!lHT CJie.zzyK>ll(HM o6paJOM: qaCTb rony6oro 

CBeTa, H3nyqeHHOro CMeCTHTeneM crreKTpa POPOP, ,nOCTHfWI OIITOBOJIOKOHHOH JieHTbl, 
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rrornomaeTCH ,no6asKoii YI I (HJIH K27) H H30Tporrno rrepeHJJI)"laeTcs B 6onee 

,nJIHHHOBOJIHOByIO JeneHyIO o6naCTb. Hcrronb3oBanHcb MHoroo6onoqeqHbie 

crreKTpocMemaIOmHe BOJIOKHa S-THrra q>HpMbI KURARAY H q>HpMbI Pol.Hi.Tech, 

BKJIIOqaIOII(He ,no6aBKH Yl I (250 ppm) H K27 (200 ppm) COOTBeTCTBeHHO [3]. 

llepeH3JiyqeHHblH CBeT pacrrpoCTpaHHeTCH no BOJIOKHaM K <l>3Y H K 

IIJ)OTHBOIIOJIO)KHOMY OT <l>3Y KOHey (pHC. 7)'. 3epKanO Ha ,nanbHeM ropue BOJIOKOHHOH 

JieHTbl ysenHqHBaeT Ha 60% CBeTOC6op. THrrHqnwi KBaHTOBWI 3q>q>eKTHBHOCTb 

cporocencopa H5783 paBHa ""12% Ha ,nJIHHe BOJIHbl HJJI)"leHHH CMeCTHTeJUI crreKTpa 

YI 1 HJIH K27 (~ 500 HM). 
~ 22o,------------~T_w,:_US_P_Q23A __ 
:§; 200 • UPS 923A OCHON: l'IOIMCT\olPOrl L•• 201.2 i 3.3 ,§ (p■-: 200x30x2 cu') A ■ 129.3 t 2.3 CM 

~ ··•• 1.32 
180I- 0 NE1140CHOA:~an Tm:NE114 

, (pa....,: 200x30x2 cu') L•• 158.9 :t 3.1 

(j i60~ \,. :,:~.1~·0:t2.5CM ·,, --4>-: '\, L•L.exp(-x/A) 140 

··. 
120 ·· .... 

100 

80 

80 

40 

20 

¾ 20 ~ 80 80 ~ W ~ ~ ~ -
PaCC'TOSIHHe AO Cll3Y (CM) 

Puc. 8. Cneroc6op co cq!!TqHKoB B 3aBHCHMOCTH 

OT paccroaHHJI .no <1>3Y. 

Mb! IIpoBenH cepHIO HCCJie,nOBaHHH 

CJie.zzyK>ll(HX CBOHCTB CUHHTHMHTOpa 

UPS 923A: CBeTOBbIXo.n, ocna6ne11He 

CBeTa H ,nonrospeMeHHWI CTa6HJibHOCTb 

[4]. TaK)Ke H3MepeHbl speMeHHbie 

xapaKTepHCTHKH CUHHTHnnHTOpa H 

crreKTpOCMell(a!Oll(HX BOJIOKOH [11]. 

OTMeTHM, qro rrpH cpaBHHMblX 

3HaqeH1tt1x T AL rrnaCTHH HJ UPS 923A 

H NE 114 (Ha ocHoBe rrocne,nHero

H3roroBJieHbI cT~pb1e cqeTqHKH CDF) 

cseroc6op c rrepsoii HJ HHX rrpH-

6JIHJHTenhHO Ha 25 % 60JihIIIe (pHC. 8). 

BrrepBbie HaMH rrpe,nlIO)KeH H pa3pa60TaH MeTO,n H3MepeHHH o6'beMHOH ,!lJIHHbl 

ocna6neHHH CUHHTHJIJIHTOpa (BAL) K COOCTBeHHOMY HJJI)"leHHIO. 3KCIIepHMeHTanbHO 

IIOKaJaHO, 'ITO BAL K co6CTBeHHOMY HJnyqeHHIO He JIBJIHeTCJI IIOCTOJIHHOH BenHqHHOH H 

CHJibHO 3aBHCHT OT flYTH pacrrpoCTpatteHHJI CBeTa B CUHHTHnnHTOpe H3-3a 3q>q>eKTa 

pea6cop6UHH (pHC. 9). 

J13yqeHHe cpopMbl CBeTOBOro HMIIYJibca O,!lHOq>OTOHHb!M MeTO,!lOM EonnHHrepa H 

ToMaca IIOKaJano: HapaCTaHHe HMrrynhca cseTa OT CUHHTHnnHropa UPS 923A co 

crreKTpoCMell(aIOII(HMH BOJI0KHaMH - 6bICTpoe (:::: 2 HC), II03TOMY cqeflIHKH C rro,no6HblM 
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MeTOJJ.OM CbeMa CBeTa MOryI' 6bJTb HCllOJib30BaHbl B 6bICTpblX CHCTeMax COBllll,LlCHHH H 

)VUl BpewmpoJieTHblX HJMepeHHH. 

]: ,so~ a>um-(/)}'11,cqUR ¼=A(l-e··~·-.., + Bx 

A= 20.4±3.0 

/.=13.1±3.0CM 
B = 0.42 ± 0.02 

10 1o' 
X, AJ111Ha o6pa340B (CM) 

HalllH HCCJICJJ.OBaHHH eCTeCTBeHHoro 

crnpeHHH CUHHTHJIJIHTOpoB UPS 923A Ha 

OCHOBe llOJIHCTHpoJia H NE 114 Ha 

OCHOBe llOJIHBHHHJITOJIYOJia, llOKaJaJIH: 

eCTeCTBCHHaH .nerpll,Llal.{HH 

Cl.{HHTHJIIDITOpa NE 114 HJJ.eT 60Jiee qeM 

s JJ.Ba pa3a 6bICTpee, qeM Cl.{HHTHJIIDITOpa 

UPS 923A HJ-Ja paJJIHqH,i B XHMHqecKOH 

c-rpyicrype llOJIHMepHOH OCHOBbl 

Cl.{HHTHJIIDITOpoB (pHC. 10). 

Ilo pe3yJI&TaTaM HCCJieJJ.OBaHHH PHC. 9. 3aBHCHMOCTh OOM!MHOH ,IVIHHbl 

ocna6neH1UI As OT ,IVIHHbl CUHHTHJIJIJITOpa. 
Cl.{HHTHJIIDITOp UPS 923A 6bIJI Bb16paH 

JJ.IDI pa3BHTHH MIOOHHOH CHCTCMbl JJ.eTCKTOpa CDF Ha Tesa-qxme <I>epMHJia6. 
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PHC. 10. 3aBHCHMOCTh CBeTOC6opa CUHHTHJIJillUHOHHOro C'lfrtlHKa Ha OCHOBe, 
IIOJIHCTHpOJia (UPS 923A)-CJieBa H IIOJIHBHHHJITOJiyOJia (NE 114)- crrpasa, OT 

pacCTOHHIUI JJ.O Cll3Y.' 

MaCCOBOro HJroTOBJieHHH lJ.eTCKTOpoB pa3pa60TaH CllCl.{HaJibHblH 

YHHBepCaJibHblH c6opoqHbJH CTalleJib [l], Ha KOTOpoM B03MO)KHa npHKJICHKa BOJIOKOH K 

Cl.{HHTHJIIDll.{HOHHblM nJiaCTHHaM TOJill.{HHOH 1.5 H 2 CM (pHC. 11 ). ,llIDI JJ.OCTH)KCHHH 

MaKCHMaJibHO poBHOH nosepXHOCTH CTalleIDI Mbl HCllOJib30BaJIH CBOHCTBO )KHJJ.KOCTH 

(3nOKCHJJ.HOro KJICH), paCTeKaTbCH llOJJ. JJ.CHCTBHeM CHJibl TH)KCCTH B poBHyIO 

nosepXHOCTb. 
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PHc.11. CTaIIem,, pa3pa6oraHHbiii Mll M8CCOBOro HJrOTOBJielllUI C'leT'IHKOB 
( BHJJ. crrepe.llH H c6oKy ). 

TenecKon C4e"NHK CIX3Y 

lleHTa M3 
cne1CTpocMe_11J_al011lMX BOllOKOH 
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:!: ~ 
~•S 

~e~ z 

PHc. 12. JiJIOK·CXeMa 
arrrrapa'I)'Pbl Mll 

HJMepeHHii caeroc6opa 
c JJ.aJibHero OT Cll3Y 

KOHl.{8 C'lfr<IHK8. 

N1111 =-38 Neat ""106 CSPL2 ~ ~ 

I ·r ~ -- ,: ~" = 
j. i· 
i, n S· 

:r 

0 C I □ at I t lit 11,um, I I Ol..u..u.L I II It I I II I I I I 0 
0 '101' 202, JO 3,40.u .50 0 $ IOU 2025 30 3$.tO,U 50 0 'IOU 2025 30 3$404$ 50 

CB8TOCliop, <p.a. caeroc6op, <p.a. caeroc6op, <p.a . 

PHc. 13. Cseroc6op c .AaJibHero OT Cll3Y KOHi.ta Mll CUHHTHJIJillUHOHHblX c'lfr<IHKOB 
BSU, CSP L2 H CSP L3 THIIOB, H3roTOBJieHHblX a mum. 

11CCJICJJ.0BaHHH COJJJ.aHHblX C'leTqHKOB no CBeTOC6opy HaMH npoBOJJ.HJIHCb B OJUII1 

H B <I>epMHJia6 Ha KOCMH'ICCKHX MIOOHax MeTOJJ.OM a6COJIIOTHOH KaJIH6poBKH
7 

(pHC. 12). 

Ha pHC. 13 llOKaJaHbI pacnpeJJ.eJICHHH CBeTOc6opa s <l>OTOOJICKTpoHax (</>.e.) JJ.IDI 

cq!STqHKOB BSU H CSP npH npoxo)KJJ.eHHH KOCMHqecKHx MIOOHOB qepeJ nJiaCTHHY B 

JJ.aJibHeM OT <I>3Y KOHl.{e cqeTqHKOB. 

7 E. H. Bellamy et al. Absolute Calibration and Monitoring of a Spectrometric Channel Using a 
Photomultiplier. II Nuclear Instruments & Methods - Amsterdam, 1994 - A339 - P. 468-476. 
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TaKHM o6pa:30M, C)'MMa Bh!IlOJIHeHHhIX pa60T no 003,UaHHIO 6onee 600 cqe'fllHKOB 

HOBOro nOKOJieHHJI o6ecneqHJia ,!lOCTH)KeHHe C)'I.QeCTBeHHOro pe3yJihTaTa: aKcenTaHC 

MIOOHHOH CHCTeMI,I ycraHOBKH CDF yeenHqeH 3HaqHTeJibHO - Ha 60%. 

B 'le-rBepTOH rJiaee onHCblBaIOTCJI CBJl3aHHhie C nOBhIIIIeHHeM CBeTHMOCTH 

T3BaTpOHa: pa:3pa60TKa H C03,!laHHe HOBOro MHOfOKaHaJihHOro OCHOBaHHOro Ha 

IlJlaCTHqecKOM CUHHTHJIJIJITOpe npeKOHBepTOpa CPR2 [20, 21] 3JieKTpOMarHHTHOro. 

KaJIOpHMeTpa, H3yqeHHe HOBoro MIOOHHOro TpHrrepa B o6naCTH l.0:S:17Jl~l.25 [18], a 

TaK)Ke HCCJie,UOBaHHe crapeHHJI CUHHTHJIJIJIUHOHHhlX cqe'fllHKOB MIOOHH0ro TpHrrepa 

CDF II [15, 19]. 

flpeKoHeepmop 3J1e1empOMawumHozo KOJ/0pUMempa CPR2. 

IlOBhIWeHHe CBeTHMOCTH T3BaTpOHa npHBeJIO K Heo6XO,!lHMOCTH 3aMeHbl craporo 

npeKOHBepTOpa: TaK, ~e C HaqanoM ceaHCa Run II ero HCnOJib30BaHHe CTaJIO 

npo6neMaTHqHI,IM. Mexc.ny TeM npeKOHBepTOp HrpaeT BeCbMa 3HaqHTeJibffYIO ponb B 

pa:3,UeJieHHH qaCTHu H TQqHQCTH H3MepeHHll HX KHHeMaTHqeCKHX napaMeTpoB. 3TH 

Kaqecrea C)'I.QeCTBeHHhl BO MHOrHX HCCJie,uoeaHHJIX no <l>H3HKe TJl)KeJII,IX KBapKOB, 

pacnll,l{OB w, z 6030HOB H T.,!l. 

OCHOBHbie npHqHHI,I 3aMeHhl npeKOHBepTOpa, cne~IUHe: 

• e ceaHce Run I CTapblH npeKOHBepTOp 6a:3HpoBaJICJI Ha OTHOCHTeJihHO Me,!lJleHHhlX 

npoeonoqm.rx ra:30BhlX ,ueTeKTOpax - nponopUHOHaJihHhIX KaMepax H pa6oTaJI npH 

CBeTHMOCTH ,uo l.0x1032 
CM"

2c"1
• C yeenHqeHHeM CBeTHMOCTH ,uo 2.0x1032 

CM-
2c·1 

H 

BhIWe TaKHe ,UeTeKTOpbl pa6oTaIOT C TpY.UOM HJIH eoo6me nepeCTaIOT cnpaBJillTI,CJI 

co ceoeii 311,l{aqeii; 

• aMilJIHTY.Ua HMilYJibCa CHJibHO }'MeHhlllHJiaCh H3-3a ,uerpll,l{aUHH CHrHaJibHOH 

npoeonoqKH; 

• H006XO,!lHMOCTb yeenHqeHHJI 61,1crpo,ueiiCTBHJI H ynyqweHHJI 3HepreTHqecKOro 

pa:3peweHHJI 3JieKTpOMarHHTHOro KaJIOpHMeTpa Tpe6oeana 60JihWeii cerMeHTaUHH 

npeKOHBepmpa no ncee,uo6h1CTpoTe 17, KOTOpall B C03.UaHHOM ,ueTeKTope e1,1pocna 

noqTH Ha nopMOK. 

B HOBOM npeKOHBePTOpe ,UeTeKTHPYIOIUHe 3JieMeHTbl HaMH 3aMeHeHbl: HMH CTaJIH 

TaHJihl - CUHHTHJIJIJIUHOHHbie nJiaCTHHhl c pa:3MepaMH 125x125x x20.wi (pHC. 14) [2]. 

IfaroTOBJieHO, TeCTHpoeaHO H OT06paHO 6onee 3000 TaHJIOB co cra6HJihHO BI,JCOKHM 
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' 

CBeT0BhIXO,!l0M ,uo 36 cp.3. 11a MIIIIIIMaJII,110 IIOIIH3IIPYIOIIIYIO qacTIIUY (Mlfq), a TIO, B 

ceo10 oqepe,uh, 06ecne1111no pernCTpaUHIO He MeHee 12 <jJ.3.IMHl/ (s cpe,uueM) nocne 

npoX0)K,UeHHJI Bcero onTOBOJIOKOHH0ro TpaKTa (.uo 5 Al). IIocJie,UHJIJI BeJIHqHHa 

npeBbIWaeT 6onee qeM B ,UBa pa:3a ypoBeHb 5 <jJ.3.IMHl/, MHHHMaJJhH0 11eo6XO,!lIIMhltt 

,!lJIJI 3cp<peKTHBHOll perncTpaUHH KaJJOpHMeTpOM O,!lIIHOq11oii qacTHUb1
8
• 

MM 

125MM 

-5M/ I 'nepexOAOTcne1CTpoc1teU.UUOUltro 
Ha npo3palfHoe aonoKHO 

t 20MM 

Puc. 14. CUHHTHJIJIJIUHOHHall nnaCTHHa (TafuI). 

MO.UYJIJI CPR2 B CIIIA. 

HaMH peweua rnae11aJ1 3a,uaqa: 

MaCCOBOe II KOHTpOJIHpyeMoe no 

CBeTOC6opy npOH3B0,!lCTBO TaHJIOB B 

,l\y611e 11 B XapbKOBe. IfaroTOene1111e 

KaHaBKII ,!lJIJI OnTOB0JI0KHa 6hIJIO 

nocne,uHHM nanoM nepe,u c6opKoii 

_nng 06ecueqe11m1 Ha,!lJle)Kamero KaqecTBa Taiinos 11eo6xo,uHMO 61,rno onpe,ueneHIIe 

CBeTOc6opa (OT MHlf) ,!lJIJI Tanna 6e3 KaHaBKH, C0OTBeTCTBYIQIIIero CBeTOC6opy He 

Meuee 18 <jJ.3./MHl/ co cneKTpOCMemaIOmero onTOBOJIOKHa, ycTaHOBJieHHOro B 

Q-o6pa3HOH KaHaBKe Ha noBepXHOCTII TaHJia. DbIJia npose,ueua cepm1 KOHTpOJihllhIX 

II3Mepe1111ii ,!lJIJI peweHIIJI JToii 3a,uaq11_ 

CYTh MeTO,!lIIKH, np11Me11e11Hoii B OIUIH, TaK0Ba. BHaqarre mMepllJICJI csernc6op (s 

</J.3.) C upoeKTHpyeMblM MeTO,!l0M CbeMa CBeTa np11 noMOIUII 0nT0BOJIOKHa H 

!pOT03JieKTpOHHOro YMHQ)KHTeJIJI (<1>3Y). Ha BTOpOM 3Tane <1>3Y 61,rn upIICTaBJieH 

Henocpe,ucTBeHHO K O,UH0MY 113 Y3KIIX rnpuos TaHJia II onpe,ueJIJIJICJI CBeTOc6op (B <jJ.3.) C 

IICCJie,uyeMOH nnaCTHHbl. CpaBHeHIIe II0JiyqeHHhlX BeJIHq1111 onpe,ueJIHJIO onopHblll 

napaMeTp ,!lJIJI OT6opa TallJIOB. _nng npoee,ueHIIJI IICCJie,uoBaHHll 61,rno ll3fOTOBJieH0 

ueCKOJlhKO npoT0THllOB TaHJIOB 113 CUIIHTHJIJIJIUHOHHhlX UJiaCTHH pa:3HOro Kaqecrsa 

(pHC. 15). 

KpoMe 3T0r0, IICllOJib30BaJJCJI pa,u11oaKTIIBHhlll HCTQqHIIK Sr90 + Y90
, II3Jiyqeu11e 

KOToporo KOJIJIHMHpOBaJJOCh B nyqoK ,UHaMeTp0M 1 AIM. O6rryqeuIIe npOII3BO,!lHJIOCI, 

nepneH,UIIKYJillpHO 60JihlllOH nosepxH0CTII Taiirra Ha !pllKCIIpOBalIHblX paCCT0JIHIIJIX OT 

<1>3Y, npIICTaBJieHHOro K Y3KOH ,rpaHII nrraCTIIHhl, 11 ll3MepllJICJI aHO,!lHblH TOK. 3ToT 

8 R. Blair et al. Proposal to replace the Central Preshower Detector and Central Crack Chambers 
with an integrated scintillator detector (CPR2). II CDF Note. - IiaTaBllJI, 2001. -CDF/DOC/ 
CALORIMETRY/CDFR/5519. -P. 12. . 
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MeTO,!l Tp3,1J;HUH0HH0 HCnOJIL3YeTC.ll B "liHCTH'lyre MOHOKpHCTaJIJIOB"
9 

M.ll 

DLIJIH onpe,neneHH.ll napaMeTpOB npoH3B0,!lHMLJX CUHHTHJIJI.l!UHOHHLIX nJiaCTHH. 

npoBe,!leHLI HCCJie,!lOBaHH.ll ,nJI.ll cornacoBaHH.ll oueHOK CBeTOc6opa, H3MepeHHOro C 

HCnOJIL30BaHHeM p3,11;HOaJCTHBHOro HCTOL[HHKa H MeTO,!lOM a6COJIJOTHOH KaJIH6poBKH, C 

UeJILJO BL1pa60TKH onopHoro napaMeTpa ,!lJl.ll KOHTpoJI.ll Ka4eCTBa TaHJIOB, 

npoH3B0,!lHMLIX B XapLKOBe (pHC. 16). 

l4>KT. ¢,y1uctj11Rz-pl •x+pO 'I pO ~.31 ± 1.77 
t' . ~1~±~~ 
□ · M>M&POH"'! • tlY(5t<e 

■ · M3MepeHM• 80 CDHA/1 

Pee. 15. KoppemrlUfll cueroc6opa 

co crreK1pocMemaromero 

0IITOB0JI0KHa H C YJK0ii rprurn: 
TaiiJia 

~ 
:I 

i .. 
+ 
~ .... 
!!!, 
112.1 
~ 
,s 12.4 

s 
S?.,,.. 
() 

f,. 
i 
0 

5.85± 1.27 

OA92 ± 0.0938 

.13 ___ 13.5 1-4 1◄.5 

" CeeTOC6op C Y3KOH rpaHII, q>.3. 

Pee. 16. KoppemrlUfll cueroc6opa c YJK0ii rprurn: TaiiJia, 

H3Mepemmro paJHLIMH crroco6aMH: MeTO,!l0M a6cOJUOTHoii 

KaJIH6pOBKH H C II0M0IIlLIO pa,!lH0liKTHBH0ro HCTO'IHHKa, 

KOTOpLiii 6LIJI YCTIIH0BJieH a UCHTJ)e TaiiJia. 

OnHCaHHLie BLillle MeTO,!lHKH KOHTpoJl.ll Ka4eCTBa n03BOJIHJIH HaM B C)KaTLJe CpoKH 

H3fOTOBHTh 6onee 3000 TaHJIOB C BLICOKHM (.no 36 </J.3.) CBeTOC60poM [20, 21]. 

34>4>eKTHBHOCTL HOBoro K0HBepTOpa CPR2 HJIJIJOr!11'"PYeTC.ll HH))(e. 

Ha pHC. 17 (CJieBa) n0Ka3aHO pacnpe,neJieHHe no BLmeJieHHOH B npeKOHBepTOpe 

:meprHH M.ll KaH,!lH,!laTOB Ha MIOOHLI OT pacna,noB W-6030HOB, nocne BBe,!leHH.ll 

nonpaBOK TpaKTOB YCHJieHH.ll CHrHaJIOB C TaHJIOB. ,l(ml cpaBHeHH.ll nOKa3aHO 

pacnpe,neneHHe OT qaCTHU c TpeKaMH c nonepe4HOH :mepmeii p, 60Jiee 8 I'3B, KOTop1,1e 

HHOr,!la o6pa3yJOTC.ll OT B3aHMO,!leHCTBH.ll npo,!lyKT0B npoTOH-aHTHnpoTOHHLJX 

CTOJIKHOBeHHH C MarepHaJIOM nepe,!l ,!leTeKT0poM CPR2. 

KpoMe MHHHMaJILHO HOHH3HpyJOJUHX qaCTHU ,!leTeKTOp CPR2 3aperHCTJ)HpoBaJI 

TaK))(e 60JILllJOe KOJIH4eCTBO 3JleKTpoHOB OT pacna,noB W-6030HOB. Ha pHC. 17 (cnpasa) 

9 
liHCTHryT CUHHTHJIJIJIUH0HHLIX MarepHaJI0B HK'f «lfHCTHryT M0H0KpHCTWJJI0B», r. XapLKOB, 

YKpaHHa. 
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noKa3aHo pacnpe.uene1me .UJI.ll KaH.UH.UaToB Ha :meKTpOHLI OT pacna.uos W-6030110B B 

cpaBHeHHH C aHaJIOrIIL[HLIM npe.ULI,!l)'llleMy pacnpe.ueneHHeM OT CJiyqaiiHLIX qacTHU. 

BH.UHO, L[T0 npH nopore 5 </J.3. 6y.UYT perHCTpHpoBaTLCll npaKTH4CCKH T0JILK0 O,l.lHH 

3neKTp0HLI. 

0.22 
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D.14r 

o.12f-

'• ■ KaHP,MJJ,3Tl,1 Ha MIOOHbl 
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"·"•"'" .,-,., ... , -· --··-·--··-·-··-··-·····1 
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0.211 
fi 

i □ Cny'ia ... ble ... aCTMllbl ! 

4 , a 10 u 14 

:3HeprOBbl,!leneHHe, e Ml14 

D.151

1 
0.111 

a.os11--

•• 5 1D 15 20 25 30 JS 40 
3HeproBbllleneHHe, e "Ml14" 

PHc. 17. Pacnpe.z:1enem1e II0 BLI,llCJICHH0H B rrpeKOHBeprnpe '.)Hepnm (B C,llllHlll.laX Mlflf) 
.llJIJI KaH,llJl.llaTOB Ha MIOOHhl OT pacrra,llOB W-6030HOB II OT CJI}"l3HHLIX TPCKOB C 

rronepe4HOH :meprnett JJ, 6onee 8 I'3B (JieBhlH pHCYffOK). To )KC .llJlll KaH,llJl.ll3TOB Ha 

3JieK1pOHLI OT pacrra.llOB W-6030HOB H OT CJI}"l3HHLIX qaCTlll.l C norrepe4HOH 3Heprnefi p, 
6ooiee 8 faB (npaBLIH pHCYffOK). 

TaKHM o6pa30M, coxpaHHB ,!lOCTOHHCTBa crnporo 11peKOHBePTopa: 

2-3 KpaTHOe yseJIHL[eHHe 110.uasJieHHll <1>011a OT 3apll))(eHHLIX IIHOHOB, L[TO KpaiiHe 

Ba))(HO npH nocJie,!lYJOIUeH JI)leHTH4>HKaI.1HH 3JieKTpOHa ,!lJill b-jet Me4CHHll, 

B03MO))(H0CTL H,neHTH<l>HKaQHH 0,l.lHH0L[HLIX qJOTOHOB (Ha 4>0He Me30HOB) B 06naCT1l 

3Heprnii 6oJILllle 35 I'3B, 

ynyqllleHHe 3HepreTH4eCK0I'O pa1pellleHHll CTpyii, L[TO OL[CHL cyiuecTBeHHO ,!lJill 

IIOHCKa HJIH 3KCnepHMCHTaJILHOro CJ))(CHHll sepOllTH0fO HHTepsaJia Mace qaCTHI..I 

XHrrca; 

HOBLIH npeKOHBepTop o6Jia,!laeT npHHI..IHnHaJILH0 HOBLIMH Ka4eCTsaMH: 

pa60TaeT npH CBeTHMOCTH ,!l0 3.0xl032 c11,·2c·1 
H Bblllle; 

HMeeT Ha nop.ll,l.l0K 6onee BLJCOKyJO rpaHyJI.llpHOCTI, no nces.uo6LICTpOTe; 

HMeeT Ha nop.ll,!l0K 6onee BLICOKOe 6LICTpO,!leHCTBHe, L[T0 QL[CHb BaJKHO s CBeTC 

nJiaH11pyeMoro YMeHLlllCHII.ll HHTepsaJia Me))(,!ly cryCTKaMH CTaJIKHBaJOIUHXCll 

npOTOH0B H aHTHilp0T0H0B C 396 .l.10 132 HC. 

/1ccJ1eooeaHue 3,jHbeKmueHocmu Hoeozo 111100HHozo mpuzzepa 6 06J1acm1,1_ 

UlS/n/51.25, 
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KaMepbl
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Puc. 18. PacnOJIOlKeHue ,lleTeKTopoB MIOOHHOro 

Tpurrepa B o6JiaCTH l.lli;l1Jl~l.5, a TaJOKe MecTO 
npe,11noJiaraeMOM yCTaHOBKU HOBOro CJIOJI 

CUHHTIIJIJlJIUUOHHhlX cqeT'IHKOB SSU. 

SM 

4M 

3M 

2M 

0 

YsenuqeHtte CBeTHMOCTH 

T3BaTPOHa AO 2xl032 cM·1c·1 n 

CBJl3aHHOe C 3THM )')KeCTQqe11ne 

TPe6osa11nu OT6opa none3HblX 

co6bITHH npttBemt K HCKJII0qe11HJO 

H3 CnHCKa 

06J13aTeJibHblX Ha 

CDFII, MIOOHHOrO 

TPHrrepoB, · 

ycTaHOBKe 

TPHrrepa 

nepaoro ypoBHJI (Ll) B o6naCTn 

1.o:s:1171:s:1.25 (nOTepH -10%). HaMH 

npe,llIIO)KeH BapttaHT BOCCTaHOBJie-

HHJI ,llaHHoro TPHITepa nyreM BKJIIOqeHHJI B Hero CHrHaJIOB C AOnOJIHHTeJibHOro CJIOJI 
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, .. _, .. ,111, __ _ 
BpeMH npKXOAa C05bmtil. HC 
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g •I 
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- -BpeMR, HC 

CseNHKIIBSU 

..... , .. .,,., .. , .... 
BpeMH npKXOAll CO5bmtA. HC 

. Puc. 19. Pacnpe,11eneHne co6hlTHtt no 
cqerquKaM, a TaJOKe apeMeH npnxo,11a 3THX 

C06hlTHM H pa3HOCTH BpeMeH npHX0,110B ,llJIJI 

COOTBeTCTBYJOntHX nap cqmnKOB BSU H ssu 
npn npe,!IJiolKeHHOM HOBOM MIOOHHOM Tpnrrepe 

a o6JiaCTH l.lli;l1Jl~l.25. 
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MIOOHHblX CQHHTHJIJIJIQHOHHbIX AeTeK

TOpOB (pHC. 18) [18]. 

,[(JUI OQeHKH Q)KHAaeMoro 3cpcpeKTa 

OT BKJIIOqeHHJI cqeTqHKOB ssu (Snout 

Scintillator Upgrade) B TPHrrep MbI 

o6pa60TaJIH AaHHbie, OT06paHHbie 

rno6aJibHbIM o6mHM TPHITepoM 

ycTaHOBKH CDF Ha npOTJl)KeHHH 3 

MeCJIQeB ceaHCOB Ha6opa c Mall no HIOJlb 

2005 roAa. 

Ha puc. 19 nOKa3aHbl 

pacnpeAeneHHJI co6bITHtt no cqi;:TquKaM 

H BpeMeH npuxoAa co6bITHtt, 

OTo6paHHbIX npeAJIO)l(eHHblM TPHr-

repoM; CneAyeT OTMeTHTb pe3KOe 

Bbl,lleJieHHe nHKOB B o6naCTH 160 HC OT 

Haqana OTcqern 3TOT nHK ,ll.JIJI 

cqi;:TqHKOB ssu npHXO,llHTCJI Ha -157 HC 

(HH)KHHH JieBbIH pHC)'HOK) H ,ll.JIJI 

cqeT'JHKOB BSU npHXOAHTCJI Ha~ 160 HC (HH)KHHH npaBbIH pucyHoK) OT Haqana OTCqern 

n pa3HHQa COCTaBJ!JleT OKOJIO 3 HC (BepXHHH npaBbIH pHC)'HOK). Ecnn yqeCTb, qTQ BpeMJI 

nponera OT cqe-rquKa SSU AO cqerquKa BSUF AID! 3apx)KeHHoii qaCTHQbI, JieTJ11lleii H3 

30Hbl npoTOH-aHTHnpoTOHHbIX CTOJIKHOBeHHH, AOJI)l(HQ COCTaBJUITb ~3 HC, TO MO)KHO 

nonaraTb, qTo Ha 3TH nHKH npHXOAJITCJI HMeHHO MlOOHbI, po)l(,llaIOillHeCJI B HCKOMbIX 

co6bITHJIX B QeHTPe yCTaHOBKH. 

L(JUi cpaBHeHHJI npnBeAeM pacnpeAeneHne BpeMeH npHXOAOB C06bITHH MJI 

cqerqnKOB BSUF, coorneTCTBYIOillHX MIOOHaM npn nccneAOBaHnn pacna,110B Z-6o3oHoB 

(pnc. 20)10
• CpeAHee nOJIO)Kettne nnKa ,nnJ1 cqerqnKOB BSUF ~159 He, TO ecTu cosna,11aeT 

c noJIO)KeHHeM nHKOB Ha rHCTOrpaMMax npn OT6ope co6bITHH npeAJIO)KeHHblM HaMH 

TPHrrepoM. 3TO nOATBep)l(,llaeT BbICOKYJO 3q>q>eKTHBHOCTb HOBoro TPHITepa npn OT6ope 

MIOottoa, po)l(,lleHHbIX a QeHTPe yCTaHOBKH CDF. 

ID 
0 

400 

8 300 

::. 
0 
ID 200 

~ 
~ 
c; 
~ 100 

Entries 917 
'!("/ndf 28.10/20 
Constant 352.2 ± 15.61 
Mean 158.8 ±0.1718 
Sigma _ 5.035 ± 0.1454 

0 I •• I I I I I I .. "1'1. ,"I I I I •• I I I. I. I.' l ••• I 
0 50 100 150 200 250 300 350 400 

BpeMJl,HC 

Puc. 20. BSUF cql!Tqmcn: pacnpep;eneHHe no 
apeMeHH npnxo,11a C06hlTHH, COOTBeTCTBYJOII\HX 

MIOOHaM npn HCCJie,ll;OBaHIIH pacna,11a Z-+2µ. 

aKcenTaHca . MIOOHHOfO TPHrrepa ypoBHH 

Eonee Toro, npoBeAeHHbIH 

aHaJIH3 nOKa3aJI: a) HAeHTHqHQCTb 

npe,nnaraeMoro MIOOHHoro TPHrrepa 

LI a o6naCTn l.0:S:ITJl:5:1.25 Hbrne 

ncnoJih3yeMOMY MIOOHHOMY Tpnrrepy 

a o6naCTn 1.25:S:I TJl:S: 1.5; 6) CYMMapHal! 

qaCTOTa TPHrrepa LI AJIJI o6naCTn 

1.0:5:I TJl:5:1.5 He npeBbIIIIaeT Aonyc

THMoro Ha CDF II ypoBHJI - l KI'I{. 

IlonyqeHHbie 

nOATBepAHJIH 

HaMH AaHHbie 

Qenecoo6pa3HOCTb 

npeAnaraeMoro peIIIettm1: ysennqettne 

LI B03MOiKHO nyreM yCTaHOBKH 

AOnOJIHHTeJibHoro cnox CQHHTHJIJUIQHOHHbIX cqerqnKOB s o6naCTn 1.0:5:ITJl:S:1.25 [18]. 

H~11eooBaHue cmapemlR cuuHmWlflRUUOHHblX c'lem•mKOB M100HHOW mpu22epa CDF 

II. 

10 D. Cyr et al. CDF Intermediate Muon Trigger. II CDF Note. - Batavia, 2005. - CDF/DOCI 
TRIGGER/CDFR/7694. - P. 31. 
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IlpoB~eHHoe HllMH HCCJie.Z{oBaHHe npouecca CTapeHHH, TO eCTb HJMepeHHe 

)'MeHhllleHHH CBeTOC6opa co BpeMeHeM, C.!leJiaJIO B03MO:lKHblM .!lAA KOJIJia6opauHH CDF 

nporH03HpoBaTb .!lOJiroBpeMeHHYJO 34>4>eKTHBHOCTb HCnOJibJOBaHHH 

CUHHTHJIJljJUHOHHblX .!leTeKTOpoB [15, 19]. MioOHHIDI CHCTeMa yCTaHOBKH CDF BKJIIOqaeT 

6oJiee 1140 CUHHTHJIJIHUHOHHbIX cqfuqHKOB pa3HOro THna. 11aCTh 3THX cqerqHKOB 

OCTaJiaCh co BpeMeHH ceattca Run I, .npyrIDI qaCTb 6bIJia COJ,!laHa cneuHaJibHO B paMKax 

Mo.nepHHJauHH yCTattOBKH CDF nepe.n ceaHCOM Run II. 

DhlJIH Bb!IlOJIHeHhl CHCTeMaTHqecKHe HJMepeHHH napaMeTpoB 0.!lHOro H Toro :lKe 

Ha6opa cqe-rqHKOB pa3HOro THna. lfoCJie,!lOBaHO B 0611.1eii CJIO:lKHOCTH .uo 60 cqe-rqHKOB 

(cM. m6JI. 2). CqerqHKH CSP H BSU, HJrOTOBJieHHhie B )zy6He, npe.UCTaBAAIOT co6oii 

cqfuqffKH HOBOro nOKOJieHHH C 0nT0BOJIOKOHHhlM C'beMOM CBeTa, pa3MepaMH 

3200x305x20 MM
3 

H 1638xl66xl5 .MM
3 

COOTBeTCTBeHHO. OcHOBa CUHHTHJIAATOpa -

noJIHCTHpoJI (TIC). CqfuqHKH CSP Wall - 3TO TaK HaJhIBaeMbie "Mo.nepHH3HpoBaHHb1e" 

cqeNHKH co CMelllaHHbIM cnoco6oM c6opa CBeTa, c pa3MepaMH 3200x320x20 .MM3
• 

Cqe-rqHKH CSX HMeIOT TPaneuHH.!laJihHYJO 4>opMY, C pa3MepaMH 

l 800x(300, 400)x25 ~' C'beM CBeTa npoH3B0,!lHTCH KJiaCCHqecKHM cnoco60M - C 

nOMOIUbIO nJieKCHrJiaCOBb!X CBeTOBO,!l0B. OCHOBa CUHHTHJIJIHT0pa .UAA cqfuqHKOB 

CSP Wall H CSX - n0JIHBHHHJITOJiyOJI (IlBT). 

Ta6.rJH1-a 2. OcHOBHhle pe3yJlbTaThl HCCJiet{OBaHIDI ecreCTBeHHOfO crapeHilll 

CUHHTHJIJllIUHOHHhlX cqi!T'IHKOB yCTaHOBKH CDF II. 
Tnn cqi!T'IHKa Ocuoaa KoJI-BO ITocroHHHllll crapeHlll i-(rot{hl) 

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

MeTO.!lOM a6COJIIOTHOH KaJIH6poBKH a TeqeHHe HeCKOJlhKHX JleT nepHO,n;HqecKH 

HJMepHeTCH CBeroc6op c ,!laJihHero OT <1>3Y KOHi.ia CUHHTHJIJijJUHOHHOH nJiaCTHHbl. 

):(anee 3KCnepHMeHTaJibHhie .uaHHbie annpOKCHMHPYJOTCH op,D;HHapH0H 

3KCn0HeHUHaJibHOH <l>YHKUHeH (pHC. 21, Ta6JI. 2). 

Ilpoae.ueHHblH UHKJI HCCJie.Z{OBaHHH nOJBOJIHJI nOJiyqHTb pattee OTCJTCTBOBaBIIIHe 

cae.ueHHH no CTapeHHIO CUHHTHJIJljJUH0HHbIX CqeTqHKOB yCTaH0BKH CDF II B YCJIOBHHX 
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peanbHOro 3KCnepHMeHTa H HHTerpaJibHOro yqe-ra MHOrHX <t>aKTopoB, BJIHHIOIUHX Ha 

,n;erpa.uaUHIO CUHHTHJIJljJUHOHHOH nJiaCTHHbl. 

<l>IIT. cl>YH"41"' N~) = N, exp(-l/,) r,nc11 2.1,112 
ti N, 11.42>0.4507 

't 4.112 ;t; 0.2451 

,i 
-8- 12 

f 10 

i 
0 

-1 0 1 2 -, 4 I I 
BpeMR, B l"O/IIX ("O" COOTBeTCTByeT 2000 l"O/IY) 

Puc. 21. CaeTOBhlXOA c AaJlbHero OT <1>3Y KOHi.ia 

WUI onuoro HJ cqirr1IHKOB CSP Wall no ronaM. 

B TOM qffCJie: a) CTaTHCTH'JeCKH 

,!lOCTOBepHO YCTaHOBJieHO, qro CKOpoCTb 

.nerpa.uauHH noJIHBHHHJITOJIYOJibHOro 

CUHHTHJIJijJTOpa noqrH B,!lBOe Bblllle, qeM 

y noJIHCTHPOJibHOro CUHHTHJIJijJTOpa 

aHaJIOfHqHoH reOMeTpHH; 6) .!lAA 

nOJIHCTHpoJibHblX CUHHTHJIAAUHOHHblX 

cqe-rqHKOB HOBoro nOKOJieHHH B CHCTe

Me 11 CUHHTHJIJljJT0p + onTOBOJIOKH0
11 

onpe,!leAAIOIUHM HBAAeTCH CTapeHHe 

nJiaCTHKa (BKJia,!l OilTOBOJIOKHa B YMeHbllleHHe CBeroc6opa c .!laJibHero OT <1>3Y KOHUa He 

npeBhilllaeT 20%); 6) TeXHHqecKIDI .!lJIHHa OCJia6JieHHH .UAA CUHHTHJIJIHUHOHHbIX 

cqeNHKOB C onTOBOJIOKOHHblM cnoco60M C'beMa CBeTa CJia6o JaBHCHT OT BpeMeHH. 

U:eHTPaJihHblH BblBO.!l HallIHX HCCJie,D;OBaHHH: onpeneneH0, qTo cqeNHKH, 

H3fOTOBJieHHbie B OlUUf, MOryT 6bITb HCnOJih30BaHbl .!lAA Ha6opa CTaTHCTHKH 6eJ 

3aMeTHOrO yMeHhllleHHH 34>4>eKTHBHOCTH .no KOHUa ceattca Run II [15, 19]. 

3AKJIIOqEHIIE 

B JaKJIIOqeHHH c4>opMyJIHpoBaHbl OCHOBHbie pe3YJihTaThl ,!lHCCepTauHOHHOH 

pa60ThI: 

1. PaJpa6oTaHhl H C03.!laHbI KpynHora6apHTHbie CUHHTHJIJijJUHOHllble cqeTqHKH 

HOB0ro noKOJieHHH, a KOTOpb!X BnepBbie npHMeHeHa TeXHHKa CBeToc6opa 

cneKTpoCMeIUaIOIUHMH BOJIOKHaMH [3, 4, 11]; paHee no.uo6HIDI TeXHHKa CBeToc6opa 

npHMemmach TOJibKO B KaJIOpHMeTpax. 

lfHTerpHpoBaHHbie B MIOOHHbIH KOMnJieKc CDF, 3TH cqeNHKH (6oJiee 600 llITYK C 

0611.1eii IlJIOIUa,!lhIO CBhillle 250 AC) pa.uHKaJihHO, Ha 60%, yaeJIHqHJIH aKcemattc 

YCTaHOBKH .UAA pemcrpauHH MIOOHOB, COCTaBAAIOIUeH npHHUHnHaJibHYJO qaCTb 

60JihllIHHCTBa TPHITepoB npH HCCJie.!lOBaHHHX no <l>HJHKe c,b,t- KBapKOB, nOHCKe XHrrc-
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6030HOB, HBJICHHH 3a npe.nemlMH cnm.napmoii MO.l(eJIH, npoHBJICHHH cynepCHMMerpHH H 

,np. 

2. Co3,naHa CHCTeMa CUHHTHJIJIHUHOHHLIX .nereKTopoa MIOOHHOro KOMnJieKca (6oJiee 

1140 CUHHTHJIJIHUHOHHbIX C'IC'fllHKOB pa3Hb!X THnoa), BKJIIO'laH CHCTCMLI no,natJH 

nHTaHHH, C'beMa HHq>OpMauHH [17], ynpaBJieHHH H KOHTpoJIH [2], KOTOpa» BXO.l(HT, KaK 

npHHl.{HnHaJibHaH tJaCTb B MIOOHHbIH TPHrrep peaJibHOro apeMeHH H aKTHBHO . 

HCnOJib3YC'fCH B npoBO,!(HMbIX HLIHe 3KCnepHMCHTax Ha CDF II, o6ecnetJHB nonyqeHHe 

pH,na BIDKHbIX HOBbIX Pe3YJibTaTOB npHHUHilHaJibHOro HayqHoro 3HatJeHHH. B HX 'IHCJie: 

• HaH6onee TO'IHOe H3MepeHHe MaCCbl TOn KBapKa B T.H. MO,ne "nenTOH + CTPYH" 

173 5+3,7 2 
M,0p= , _3,6 (stat.) I'3Blc [5, 6] 

• npeUH3HOHHOe H3MepeHHe 3TOH BeJIH'IHHbl B T.H. .l(HJienTOHHOH MO,ne 

M,0p= 170,1~'.~ (stat.) I'3Blc2 
± 4.l(syst.) [7] 

• HaH6oJiee TOtJHoe H3MepeHHe MaCCbI W-6o3oHa Mw= 80493 ± 48(stat.) M3Blc2 

[16] 

• 

• 

nepaoe Ha6JI10,neHHe H H3MepeHHe tJaCTOThI 

&n.=17.77 ± O.lO(stat) ± 0.07 (syst) nc·1 
[8,9] 

BbICOKOTO'IHOe H3MepeHHe apeMeHH )KH3HH 

=1.593 ~:~~!(stat)± 0.033 nc (syst) [12] 

Ao 
b 

0 -o u B s - B s OCUHJIJIHUHH, 

a,npoHa, -r( A~) 

• p».n cymeCTBeHHbIX npoaepoK CM a npoueccax aHOMaJibHOro po)K.l(eHHH 

MHOroMJOOHHhIX co6hITHH [13], H3MepeHHH cetJeHHH o6pa30BaHHH napbI tl [10] 

H CnHpaJibHOCTH W-6030Ha H3 pacna,noa t-KBapKOB [14]. 

3. C UCJiblO nOBbIIIICHHH 3q>q>eKTHBHOCTH YCTaHOBKH CDF B HCCJie.noaaHHHX 

npoueccoa C TH)KeJlbIMH KBapKaMH npH B03pocmeii CBC'fHMOCTH T3BaTpoHa (2-1032/cAlc 

H BbIIIIe) coo,naH HOBblH npH6op - 2600 KaHaJibHbIH ro,nOCKOnH'ICCKHH npeKOHBeprop 

3JICKTpoMarHHTHOro KaJIOpHMerpa H3 Cl.{HHTHJIJIHUHOHHbIX IlJiaCTHH C pa3MepaMH 125 X 

125 x 20 .M.Al o6w:eii nnow:a,nhJO 6onee 40 Al [20, 21]. Ero 6b1CTpo.neiiCTBHe H 

CerMeHTal.{HH no ncea,no6LICTpoTe Ha nopH,nOK npeBOCXO.l(HT 3TH BeJIH'IHHbl B cpaBHCHHH 
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C paHee cyw:eCTBOBaBIIIeH CHCTCMOH - nponopUHOHaJibHOH KaMepoii, npHro,!(HOH . .l(JIH 

HCnOJib30BaHHH npH CBC'fHMOCTH MCHee 10
32 

CM·
2c·1• 

4. l1cnOJib30BaHHe C03,!(aHHLIX .nereKTOpoB HOBOro nOKOJieHHH Henocpe,nCTBeHHO B 

3KCnepHMeHTaX, a TaK)Ke .l(C'faJibHbie HCCJie,!(OBaHHH HX CBOHCTB CBH.l(eTCJlbCTByJOT 0 

p».ne HeocnopHMbIX npeHMymeCTB 3THX .nereKTOpoB co CBC'fOC'beMOM onTOBOJIOKOHHOH 

JieHTOH no cpaaHeHHIO C H3BeCTHOH, KJiaCCH'leCKOH CHCTeMOH caeroc6opa co 

CBC'fOBO.l(OM [3]. Cpe,nH 3THX npeHMymeCTB: KOMnaKTHOCTb, cnoco6HOCTb 

<PYHKUHOHHpoBaTb B MarHHTHbIX nOJIHX 6e3 .nonoJIHHTeJlbHOH 3KpaHHpoBKH <l>3Y, 

cymeCTBeHHO MeHbIIIHH TeMn .nerpa.naUHH BCJie,!(CTBHe eCTeCTBeHHOro CTapeHHH [1 l]. 

5. .z:t:eTaJibHOe H3YtJeHHe CBOHCTB HOBOro CUHHTHJIJIHUHOHHOro MaTepHaJia UPS 

923A H WLS BOJIOKOH n03BOJIHJIO npe,nJIO)KHTb HOByJO MeTO.l(HKJ H IlOJIY'IHTb PM 

HOBblX Pe3YJibTaTOB [4]: 

• q>H3HtJeCKH MOTHBHpoBaHHblH Mero.n H3MepeHHH 061,eMHOH .l(JIHHbl ocna6JieHHH 

(BAL) Cl.{HHTHJIJIHTOpoM co6CTBeHHOro H3JIYtJeHHH H yCTaHOBJieHHe q>aKTa 

3aBHCHMOCTH BAL OT 3q>q>eKTa pea6cop61{HH 

• 

• 

onpe.ne.rreHHe apeMeHH (,::,2 HC) HapaCTaHHH HMnyJibCa caera a CHCTeMe "UPS 

923A + WLS", 'ITO OTKpbIBaer B03MO)KHOCTb ee npHMeHeHHH a 6bICTPhIX 

CHCTeMax coana,neHHH H apeMHilpoJieTHbIX H3MepeHHHX 

6onee tJeM .l(ByKpaTHOe npeBOCXO.l(CTBO C03,naHHOro IlOJIHCTHpoJibHOro 

Cl.{HHTHJIJIHTOpa UPS 923A no apeMeHH crnpeHHH a cpaaHeHHH c 

o6w:eH3BeCTHbIM noJIHBHHHJITOJIYOJibHblM CUHHTHJIJIHTOpoM NE 114 

BCJie,!(CTBHe pa3JIH'IHH B XHMHtJeCKOH CTPYKTYPe nOJIHMepHbIX OCHOB. 

6. Co3,naHa 3KcnepHMeHTaJibHO MOTHBHpoBaHHaH OCHOBa nporH03HpOBaHHH 

CTapeHHH CUHHTHJIJIHUHOHHbIX C'le'f'IHKOB CDF II [15, 19]; yCTaHOBJieHO a tJaCTHOCTH, 

'ITO TeXHH'leCKaH .l(JIHHa OCJia6JieHHH (TAL) KOMnJieKca 
11
CUHHTHJIJIHTOp + OilTOBOJIOKH011 

O'leHb cna6o MeHHC'fCH co apeMeHeM H .nerpa,nauHH Ha 80% o6ycJIOBJieHa CTapeHHeM 

nnaCTHKa. KoJIJia6opauHH ,naHa nporpaMMa 3aMeHbl TepHIOW:HX 3q>q>eKTHBHOCTb 

C'IC'fllHKOB, 3KcnnyaTHpyeMbIX C 1992 ro,na. BMeCTe C 3THM yCTaHOBJieHO: C'IC'fllHKH 

OH5111 coxpaH»T BLICOKJIO 3q>q>eicrHBHOCTb .no KoHua ceaHca Run II. 

7. Ilpe,nJIO)KeH H 3KCnepHMCHTaJibHO o60CHOBaH HOBbIH aapHaHT TPHrrepa I ypoBHH 

[18], .narom:Hii B03MO)KHOCTb pernCTPaUHH MIOOHOB B o6JiaCTH 1.0<l,il<l.25 a yCJIOBH»x 
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cymeCTBCHHO Boopocmeii (.no 2-1032 
CM

02c"1 H BbIWe) CBCTHMOCTH T3BaTJX>Ha. IImca3llHO, 

'ITO pa3MCIUCHHC .nonOJIHHTCJibHOro cno,i CUHHTHJJIDIUHOHHbIX C'let"'IHKOB B YJ(a3aHHOH 

o6naCTH Il03B0IlHT Konna6opauuu )'BCilH'IHTb 6onee 'ICM Ha 10% KOJIH'ICCTBO 

OT6HpaeMblX COOblTHH C MIOOHaMH B Ka'leCTBC CHniaT)'pHOH qaCTHUbl. 
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<I>H3HKa-MaTeMaTHKa q>aHJiapH ,ll.OKTOpH HJIMHH ,11;apIDKaCHra TaJia6rop ApTHKOB AKpaM 

MY3aq>apoBH'lHHHr 01.04.16 - aTOM H,ll.poCH aa 3JieMeHTap 3appaqanap qJH3HKaCH 

HXTHCOCJIHrH 6yiiH'la "CDF II I<,YPHJIMaCH MlO0H KOMilJICKCH aa 3JICKTpoMarHHT 

KaJI0pHMCTP npeK0HBepTOpH 0FHp KBapKJiap qJH3HKaCH coxacH,narH T3BaTpOH 

~H6anapima" MaB3YCH,ll.arH ,ll;HCCepranHHCHHHHr 

PE3IOMECII 

0 -o. 
Tasmq cylJlap: t-KBapK, W-6o3oH, B, - B, ocuHJIJIHUHMapH, XHrrc 6o30HH, CDF 

II I<,YPHJIMaCH, T3BaTPOH, HHTCHCHBJIHK, TPHrrep, CUHHTHJIJIHTOp, ,ll;eTCKT0p, MC30H, 

Ha30paT TH3HMH, npeK0HBeprop, q>OTOH, 3JICKTpoH, CIICKTP CHIDKHTa,nHraH (WLS) 0ilTHK 

TOJiaJiap, HypJiaHHWHH HHFHW, a6COJIIOT KaJIH6pJiam, MHHHMaJI H0HH3aUHHJI0B'lH 

3appaqa, 3CKHpHm. 

Ta,LJ.IOIH;OT 061.eKTJiapu: c,b,t-KBapKJiapH 6HJiaH 6ynraH )KapaeHJiap, MlO0H TH3HMH 

Ba TPHrrepH, 3JieKTpoMarHHT KanopHMCTPH npeK0HBepropH, CDF II KYPHJIMacH, 

nJiaCTHK CUHHTHJIJIHUH0H ,ll.eTeKTOpJiap. 

IImuuur Mai.;Ca,LJ.u: t-KBapK Ba W-6o3oH MaccanapHHH aHHI< ymam Ba B-Me3oHJiap 

napqanaHHWHHH Myq>accan ypraHHm Ka6H aKTYaJI Macananap.naH H6opaT 6ynraH, ornp 

KBapKJiap qJH3HKaCH cox.acH,ll.arH T~H6aJiap .naczypHHH H)Kp0 3THW yqyH, CDF II 

I<,YPHJIMaCH ,ll;eTCKTOpJiap TH3HMHHH HWJia6 'lHI<HW Ba HpaTHW. 

Ta,11;1'HH;OT ycyJiu: cneKTpoMCTPHK KaHaJIHH a6COJIIOT KaJIH6pJiarn yCJiytfa, :mr aHHI< 

X.ai<HI<aTHaM0JIHK (DLM) ycny6H, «I<OJIHn» ycny6H, lioJIJIHHrep Ba ToMacnapHHHr HKKa 

q>OTOH ycny6H, 3CKHpHm KOOqlqJHUHCHTHHH aHHK,Jlam ycny6H, X,a)KMHH 

K)"lCH3JiaHTHpHm )'3)'HJIHrH (BAL) Ba TCXHHK KyqcH3JiaHTHpHm )'3)'HJIHrH (TAL)HH 

aHHK)lam ycey6napH. 

0Jiuurau uaTWKaJiap Ba yJiapuuur HHrHJium: t-KBapK Ba W-6o3oH MaccanapH 
0 -o 

IOI<0PH .napIDKaJIH aHHK,JIHK 6ttJiaH ynqaH,ll;H, B s - B s ocuHJIJIHUHMapH 6ttpHH'lH 6op 

K)'3aTHJI,l].H Ba ynapHHHr TaKp0pJiaHHW ,11;apIDKaCH ymaH,ll;H. liy Ba 6om1<a M)'x.HM 

ID<aMmrrra 3ra 6ynraH q>H3HK HaTH)KaJiapra 3pHWHWHH CDF II I<,YPHJIMacH HHrH MIO0H 

CHCTeMaCH HpaTHJIHWH Ba T~H6a,na 6HpHH'lH Kappa, HypJiaHHWH WLS OilTHK T0JiaJiap 

ep,ll.aMH,na HHFHJla,ll.HfaH CUHHTHJIJIHUHOH ,ll;eTeKTOpJiapHHHr MlO0H TPHrrepH TapKH6Hra 

KHpHTHJIHWH Ta'bMHHJla,ll.H. liy XHJI,ll.arH HHrH ,ll;eTeKT0pJiap xoccanapHHH Ta.z:II<HI< I<HJIHW 

)KapaeHH,na HHrH ycny6 HWJia6 'lHI<HMH Ba HHrH HaTH)KaJiapra 3pHWHJI,ll.H: BALHH 

aHHK)lam )"IYH CUHHTHJIJIHUH0H HypJiaHHWHH ymam ycny6H 6HpHH'lH 6op TilKJIHql 

3THMH Ba HWJiaTHMH; «UPS 923A + WLS onTHK Tonanapm> ,11;eTeKTOpH HypJiaHHmH 

HMnyJILCHHHHr :::s2 He ,11;aB0Mima ycHmH 6HpHH'lH Mapra aHHK,JlaH.D.H; UPS 923A 

Il0JIHCTHpoJI CUHHTHJIJIHT0pH NE 114 IlOJIHBHHHJIT0Jl)'0JI CUHHTHJIJIHTOpHra HHC6aTaH 2 
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6apo6ap eyer 3CKHpm1m rronHMep c-rpyicrypanapH opacimam (j>apJ<H -ry(j>aiiJIH 6yna,nH 

,ne6, 6HpHH'IH Kappa xynoca I<HJIHH,!{H. CUHHTHJIJijjTOp,naH HHFH6 OJIHHraH 

HypJiaHHWHHHF Ba!O' YTffWH 6HJiaH KaMaHHWHHH CHC'feMaTHK YJI'laW HaTH)KaCH,na 

,neTeKTOpHHHF Ta6HHH 3CKHpHWHHH aHHJQiawra HMKOH 6epyB'IH OpHrHHaJI ycyn TaKJIHq> 

3THJI,nH Ba CHHaJI,nH. Ey ycynuH «UPS 923A + WLS OIITHK ronanapm> Typimam 

,neTeKTOpnap Y'IYff eyJIJiaw HaTH)KaCH,na 6HpHH'IH 6op I<;YHH.namnap aHHIQiaH,nH: OIITHK 

TOJiaJiap xycyCHfilJiapH eMOHJiawyBHHHHF ,neTeKTop 3CKHpHWHra eywraH x,HCCaCH 03 

6ynH6, 20 %HH TaWKHJI 3Ta.z:IH; TALHHHF BaI<T YTHWH 6Hnau 9JrapHwH 9Ta ceKHHJIHK 

6HJiaH pyii 6epa,nH. 

AMaJIHii axaMHHTII: t-KBapK Ba W-6oJoH MaccanapHHH aHHI< yn'law, XHrrc 6oJoH 

MaccacHHHHr MaB~,n 6ynHw coxacHHHH 'lerapanaii,nH, 6y 3ca LHC (l.lEPH) Ba 

0 -o 
T3BaTpoimam 6yna)KaK ~H6anap Y'IY" MYx,HM axaMHMT Kac6 na,nH. Bs - Bs 

OCUHJIAAUHMapHHHHF MaB~,!{JIHfH, 3JICMCHTap Japa'lanap HaJapHMCH 6yJIMHW 

CrnimapT Mo,neJIHHHF HJirapH Ta.z:II<HI< I<HJIHHMaraH HOJHK X.0,!{HCaJiap coxacH,na 

TYfPHJIHfHHH HC60TJiaH,nH • ..HHfH MIOOH THJHMH aKCeIITaHCHHHHF 3epHJiapJIH ,napa)Ka,na, 

60 %ra, OWHWH Ba 3JICKTpoMaFHHT KaJIOpHMeTpHHHHF MHfH, HJIFapHrHCHra HHC6arnu 

TCJKOpJIHfH Ba 11 6yiiH'la CCFMCHTJIHfH 10 6apo6ap OWHpHJiraH rrpeKOHBepropH 

gpaTHJIHWH, OFHp KBapKJiap q>H3HKaCH cox.acH,nam T~H6anap ,nac-rypHHH H)KPQ 

3THw,na CDF II J<YPHJIMacHHHHr HMKOHHMTJiapHHH )KH,n,nHii ,napa)Ka,na owHp,nH. 

,[(eTeKTOp KOMIIJICKCJiapH MpaTHJIHWH rrpHHUHIIHaJI HJIMHH ax.aMHfilra 3Fa 6ynrau jjfffH 

MY}{,HM HaTH)KaJiap OJIHHHWHHH Ta'bMHHJia,LIH, ynap opacH,na W-60JOH MaccaCHHH Ba 

<OICIITOH + jet» Ba ((,!{HJICIITOH» XHJI,narH rrap'!aJiaHHWJiap,na t-KBapK MaccacHHH 

yma111Jiap Ba 6ow1<anap 6op. T3BaTpoH epyrJIHJIHrH owraHJIHm (~2xl0
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ca6a6JIH CDF II J<YPHJIMaCHHHHF 1.0:S:ITJl:S:l.25 J<HCMH Y'IYH TaKJIHq> 3THJiraH Ba 

~H6a,na CHHaJiraH jjfffH MIOOH TPHFrepH, aBBaJifH TPHFrep 6eKOp I<HJIHHHWH 

HaTH)KaCH,!{a HYJ<OTHJIFaH, TapKH6ima MIOOH MaB~,!{ 6ynrau 10 % X.O,!{HCaJiapHHHF 

T~H6a,na x,Hco6ra OJIHHHWHHH Ta'bMHHJiaii,nH. 

TaTfiH1' 3THW i,;apaxcacu Ba Hl(I'HCO,!J;HH caMapa.a;opJIHrH. 11w q>yH,naMCHTaJI Ba 

aMaJIHH xapaKTepra 3ra 6ynH6, 3JieMeurnp Jappa'lanap HaJapHMCHHH 

pHBO)KJlaHTHpHw,na, g,npo q>HJHKaCH Ba IOK;OpH 3HCprHMH Jappa'!anap q>HJHKaCH 

T~H6anapima CUHHTHJIJijjUHOH ,neTeKTOpnapHH TaT6HK; 3THw,na eyJIJiaHHJIHWH 

MYMKHH. 

l\yJIJiaHHW coxacu: IOK;OpH 3HeprHMH Jappa'lanap q>HJHKaCH, KOCMHK uypnap 

q>HJHKaCH, 3KCrrepHMCHTaJI MPO q>HJHKaCH, 3JICMCHTap Jappa'lanap HaJapHii q>H3HKaCH, 

TCJJiaITH'I ~H6anapH,narH J<Yl)HJIMaJiap. 
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PE3IOME 

,!{HCCCpTauHH ApTHKOBa AKpaMa MY3aq>apoBH'la Ha TeMy: "M!OOHHbIH KOMIIJICKC H 

rrpeKOHBeprop 3JICKTpoMaFHHTHOFO KanopHMeTpa yc-raHOBKH CDF II B 3KCIIepHMCHTaX 

no q>HJHKC Tll)KeJlbIX KBapKOB Ha T3BaTpoHe" na COHCKaHHe Y'JCHOH c-rerreHH ,noKTOpa 

q>H3HKO-MaTeMaTH'ICCKHX HaYK IIO CIICUHaJibHOC'fH 01.04.16 - q>H3HKa aTOMHOFO g,npa H 

3JICMCHTapHb!X '!aC'fHU, 

0 -o 
Kmo'leBbie CJiosa: t-KBapK, W-6oJOH, Bs - Bs OCUHJIAAUHH, 6oJOH XHrrca, 

ycrnnoBKa CDF II, T3BaTpoH, CBeTHMOC'fh, TPHrrep, CUHHTHJIJifilOP, ,neTeKTop, MJOOH, 

CHC'feMa KOHTpoAA, rrpeKOHBeprop, q>OTOH, 3JICKTPOH, crreKTpoCMCIUaJOIUHe (WLS) 

OIITH'ICCKHe BOJIOKHa, CBeTOC6op, a6coJIJOTHall KaJIH6poBKa, MHHHMaJibHO 

HOHH3HpyJOIUall '!aCTHua (MJ1q), c-rapeHHe. 

O6bCKTbl HCCJIC,!J;0BaHHH: rrpouecChl c c,b,t - KBapKaMH, MIOOHHall CHCTeMa H 

TPHFrep, rrpeKOHBepTOp 3JICKTpoMaFHHTHOFO KaJIOpHMeTpa, IIJiaCTH'ICCKHe 

cuHHTHJIAAUHOHHhie ,neTeKTOphI yc-rauoBKH CDF II. 

IJ.eJib pa60Tb1: pa3pa60TKa H coJ,nauHe ,neTeKTopHhIX cHc-reM yc-rauoBKH CDF II 

,!{AA BhIIIOJIHCHHll 3KCIIepHMCHTaJihHOH rrporpaMMhl HCCJIC,!{OBaHHH IIO q>HJHKe Tll)KCJihIX 

KBapKOB, BKJIIO'laJOIUeii rrpeUHJHOHHOe HJMepeHHe Mace t-KBapKa H W-6030Ha, 

,!{eTaJihHOO H3Y'JCHHe pacrra,noB B-MeJOHOB H ,np. 

MeTO,!J;bl HCCJIC,!J;0BaHHH: MeTO,!{ a6COJIIOTHOH KaJIH6poBKH CIICKTpoMeTpH'ICCKOFO 

KaHana, (DLM) MeTO,!{ HaH60JihWCFO rrpaB,!{OIIO,!{OOHll, MeTO,!{ «wa6JIOHOB», 

0,!{HOq>OTOHHhIH MeTO,!{ EOJIJIHHrepa H ToMaca, MeTO,!{ orrpe,neneHHll K03q>q>HUHCHTa 

c-rapeHHll, MeTO,!{hl orrpe,neneHHll 061,eMHOH ,nJIHHhl ocna6JieHHll (BAL) H TCXHH'ICCKOH 

,nJIHHhI ocna6neHHll (TAL). 

IloJiy'leHHble PeJYJibTaTbl H HX H0BHJHa: C BhICOKOH TO'IHOC'fhlO HJMepeHhl 

0 -o 
Macchi t-KBapKa H W-6oJoHa, BrrepBbie Ha6JIJO,neHbI Bs -Bs OCUHJIJillUHH H HJMepeHa 

HX 'laCTOTa; IloJIY'!CHHe 3THX H MHOFHX ,npymx rrpHHUHIIHaJihHO Ba)Kffb!X q>HJH'ICCKHX 

PeJYJihTaTOB o6ecrre'!eHo co3,naHHeM HOBOH MJOOHnoii cHc-reMhI ycrnHOBKH CDF II c 

rrepBhIM B rrpaKTHKe 3KCIIepHMCHTOB rro,no6noro po,na BKJIIO'ICHHCM B COC'faB MIOOHHOFO 

TPHrrepa CUHHTHJIJijjUHOHHhIX ,!{eTCKTOpoB co CBeTOC'beMOM WLS OIITH'ICCKHMH 

BOJIOKHaMH. ,[(AA HCCJIC,!{OBaHHM CBOHC'fB ,!{eTCKTOpoB rro,no6HOFO THIIa pa3pa6ornHa 

HOBall MeTO,!{HKa H IIOJIY'!CHhl HOBbie pe3yJihTaThI: BrrepBhie rrpe,nJIO)KCH H QTPa60TaH 

MeTO,!{ H3MCpeHHM co6c-rBennoro H3JIY'!CHHjj CUHHTHJIJlilOpa ,!{AA onpe,neneHHll BAL; 

Brrepahre orrpe,neneHo BpeMjj Hapac-raHHM (==2 He) HMrrynLca CBeTa B cHc-reMe «UPS 923A 

+ WLS OIITOBOJIOKHo»; BIIepBbie C,!{eJiaH Bh!BO,!{ 0 pa3JIH'IHMX B C'fPYKTYPC IIOJIHMepHbIX 
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OCHOB, llBJUUOl.l.lllXCll TipHqllHOH .!{Byi<paTHOro TipeBOCXO.!{CTBa TIOJIHCT11pom,11oro 

Cl.lHHTHJIJIRTOpa UPS 923A TIO BpeMeHH CTapeHHll B cpaBHeHIIH c 

TIOJIHBHHIIJITOJI}'OJlhHhIM Cl.lHHTHJIJIRTOpoM NE 114. flpe.!{JIO)KeHa H anpo611poaa11a 

OpHrHHaJihllaR MeTO.!{HKa onpe,neJieHHR eCTeCTBe1111oro cmpeHHll Cl.lHHTHJIJlRI.IHOIIHhlX 

.!{eTeKTOpoB TiyreM peryMpHoro H3MepeHHll )'MeHhWeHllll CBeTOC6opa co BpeMeHeM. C 

TIPHMeHeH11eM :noii MeTO.!{HKH ,nJlll cq~HKOB THTia «UPS 923A + WLS OTITOBOJIOKHO» 

BnepBhie onpe,neJieHhI: a) BKJiim OTITOBOJIOKHa B CTapenHe ,neTeKTopa; OH HeBeJIHK, =::20% 

H 6) CJia6a» 3aBHCIIMOCTh H3MeHeHllll TAL OT BpeMeHH. 

IlpaKTuqecJCaH 3Ha'IHM0CTb pa60TbI: flpel.lH3HOHHhie H3MepeHHll Mace t-KBapKa 

11 W-6o3oHa orpaHHqHBaIOT o6JiaCTh B03MO)l(HhIX Mace XHrrc 6o3oHa, ~o qpe3a1,1qaiiHo 

Ba)KHO ,nJill Tipe,nCTOlll.l.lHX 3KCTiepHMeHTOB Ha LHC (QEPH) H T3aaTpoHe, a 

o6Hapy,iceHHe B: -Bs0 
OCI.IHJIJIRI.IHH TIO.!{TBep)K.!{aeT TipaBHJihHOCTh CTatt,napTHOH 

Mo,neJIH B paHee He HCCJie,noBaBiueiic,i: o6JiaCTH TOHKHX ,i:BJieHHH. 3HaqHTeJihHOe, Ha 

60%, )'BeJIHqeHHe aKcenTaHCa HOBOH MIOOHHOH CHCTeM.hl H C03.!{aHHe HOBOI'O 

npeKOHBepropa 3JieKTpoMarHIITHOro KaJIOpHMeTpa, Ha TIOpll.!{OK npeBocxo.n,i:111ero 

Tipe.!{.hl.!{)'IIIHH .!{eTeKTop TIO 6.hICTpo.!{eHCTBHIO H rpattyMpHOCTH TIO TICeB,n06.hICTpOTe, 

HeCOMHeHHO npe)'MHO)KHJIH B03M0)KHOCTH Mo,nepHH3HpoBallHOH YCTaHOBKH CDF II B 

HCIIOJIHeHHH JanJiaHHpoBaHHOH TiporpaMM.hl 3KCTiepHMeHTOB TIO <l:>H3HKe Tjl)KeJI.hlX 

KBapKOB. C03.!{aHH.hie .!{eTeKTOpH.hie KOMTIJieKC.hl 06ecTieqHJIH .!{OCTll)KeHHe Ba)KH.h!X 

HOB.h!X pe3yJihTaTOB TipHHI.IHTIHaJI.hHOro HayqHoro 3HaqeHH,I, cpe,nH KOTOp.h!X 

Tipel.lH3HOHHOe H3MepeHHe Mace t-KBapKa B TOTIOJIOrHllX <QieTITOH + CTpym> _H 

((.!{HJieIITOH» H W-6030Ha II MHOroe .npyroe. flpe,nJIO)KeHH.hIH H 3KCTiepHMeHTaJI.hHO 

aTipo6HpoBaHH.hIH HOB.hIH MIOOHH.hIH TPHrrep B o6JiaCTH l.O<ITJl<l.25 Ml! 

HCTIOJI.h30BaHHll B yCJIOBHllX B03pocwei1 (~2x1032 
CM·

2c·1) CBeTHMOCTH T3BaTpoHa 

06ecTieqHBaeT B03Bpa111eHHe 10% «MIOOHH.h!X)) co6.hITHH, TIOTepllHH.hlX BCJle.!{CTBHe 

OTMeH.hI Tipe.n.E.m)'IIlero TPllrrepa 

CTeneHb BHe.n:peHHH H 31C0H0MH'lecicaH :14>4>eKTHBHOCTb: Pa6oTa HOCHT 

4>ytt.naMeHTaJI.hHhIH H TIPHKJiimHOH xapaKTep; ee PeJYJI.hTaT.hl MOryT 6.hIT.h HCIIOJI.h30BaH.hl 

B pa3BIITIIH TeopHH <l:>H3HKH 3JieMeHTapH.hIX qacrn11 H _ TipaKTHKe TIPHMeHeHHll 

Cl.lHHTHJIJllll.lllOHH.hIX ,neTeKTOpoB B 3KCnepHMeHTaX TIO ll.!{epHOH 4>H3HKe H 4>H3HKe 

Bh!COKHX 3HeprHH. 

O6JiaCTb npHMeueHHH: 4>H3HKa B.h!COKHX 3HeprHH, <l:>H3HKa KOCMHqecKHX nyqeii, 

3KCTiepHMeHTaJI.hHaR ll.!{epHa» 4>H311Ka, TeOpM 3JieMeHTapH.hIX qaCTHI.1, YCTaHOBKH .!{Jlll 

3KCTiepHMeHTOB Ha ycKOpHTeJillX H KOJJJiaH,nepax. 
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RESUME 

Thesis of Akram Muzafarovich Artikov 

of the scientific degree competition of the doctor of sciences 

in physical and mathematical sciences speciality O 1.04.16 - physics of 

atom nuclei and elementary particle subject: 

"Muon complex and preshower of electromagnetic calorimeter of the CDF II setup 

on the Tevatron heavy quark physics experiments" 

Key words: t-quark, W-boson, B: -B,0 oscillations, Higgs boson, spectrometer 

setup CDF II, Tevatron, luminosity, trigger, scintillator, detector, muon, control system, 

preshower, photon, electron, wavelength shifting (WLS) optical fiber, light collection, 

absolute calibration, minimum ionizing particle (MIP), aging. 

Objects of the inquiry: processes with c,b,t-quarks, muon system and trigger, 

preshower of the electromagnetic calorimeter, plastic scintillation detectors of the CDF II 

setup. 

Aim of the inquiry: development and construction of the detector systems of the 

CDF II setup for executing the experimental research program in heavy quark physics 

including precision measurements of the t-quark mass and W-boson mass; detailed study 

of B-mesons decays etc. 

Methods of inquiry: the method for absolute calibration of the spectrometric 

channel, dynamical likelihood method (DLM), "template" method, Bollinger-Thomas 

single photon method, the method of aging coefficient determination, bulk attenuation 

length (BAL) and technical attenuation length (TAL) determination methods. 

Results obtained and their novelty: The t-quark and W-boson masses are measured 

with a high precision; for the first time the B: - Bs0 
oscillations are detected and their 

frequency is measured. These results and many other physics data of principal 

importance are reached due to the new muon system of the CDF II setup, which included 

(for the first time in this sort of experiments) scintillator counters with the WLS optical 

fibers. To investigate properties of such detectors, a specific method to measure the 

inherent irradiation of the scintillation detectors for determining the BAL was proposed 

for the first time and optimized; the light pulse rise time (::::: 2 ns) in the "UPS 923A + 
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WLS optical fibers" system was determined for the first time; a conclusion was made for 

the first time on a polymer base structures difference as a reason of a twofold superiority 

of the polystyrene scintillator UPS 923A in aging time over that of the polyvyniltoluene 

scintillator NE 114. A unique novel method for determining natural aging of scintillation 

detectors by systematic measurements of the light co!lection time decrease was proposed 

and approved experimentally. Used with the "UPS 923A + WLS optical fibers" detector, 

this method made it possible for. the first time to determine a moderate (20%) optical 

fiber contribution to the detector aging and weak ofT AL change with time. 

Practical value: The precision top-quark and W-boson mass measurements limit the 

possible mass range of the Higgs boson, which is of extreme importance for the 

forthcoming LHC (CERN) experiments and current Tevatron studies; the observation of 

B~ - Bs0 oscillations confirms validity of the Standard Model in the earlier 

uninvestigated field of a thin effects. Significant (by 60%) increase of a new muon 

system acceptance and creation of a new electromagnetic calorimeter preshower 

surpassing the previous ones by an order of magnitude both in operation speed and in 

rapidity granularity, undoubtedly increased the possibilities of the modernized CDF II 

setup in the execution of the planned experimental program for heavy quarks studies. The 

created detector complexes have allowed reaching of an important new physics results of 

principal scientific significance, among which are the precision measurements of the t

quark mass (in "lepton + jet" and "dilepton"-. topology) and W-boson mass and many 

others. The proposed and experimentally tested new muon trigger in the 1.0::Sllll ::Sl.25 

interval to be used under increased (2:::1032 sm·2s·1
) Tevatron luminosity, provides "return" 

of 10% of muon events lost due the cancellation of the previous trigger. 

Degree of embed and economic efficiency: The work is of fundamental and applied 

nature: its results can be helpful for development the elementary particles theory and the 

use of scintillation detectors in nuclear physics and high energy physics experiments. 

Sphere of usage: high energy physics, cosmic-rays physics, theory of elementary 

particles, research setups for accelerator and collider experiments. 

Tiony<1eHo 17 anpem1 2009 r. 
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