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OBllI;A51 XAPAKTEPMCTMKA PABOTbI 

AKTyaJibHOCTb TeMbI 

O,n;HIIMH ll3 rJiaBHblX HanpaBJieHHfi COBpeMeHHblX llCCJie,n;oBaHHH B ny'IKax 'laCTHIJ; 

BbICOKHX 3Heprrrii: rr, B qaCTHOCTH, Ha T9BATPOHE .HBJI.HIOTc.H: 

• lfayqeHrre CBOfiCTB TOn-KBapKa - ll3MepeHH.H MaCCbI, Ce'leHH.H pO:>K,Zl;eHH.H, nOJI.H

prr3aIJ;Hll. Ton-KBapK - Harr6oJiee MaccrrBHbifi H3 H3BeCTHbix cpyH,n;aMeHTaJibHbIX 

'laCTllll; ll ,n;eTaJibHOe ll3J'leHHe ero CBOfiCTB yrJiy6JI.HeT nOHHMaHrre MeXaHH3Ma 

noJiy'leHH.H qacTHIJ;aMH Mace ll MaCCOBOfi rrepapXllll cpyH,n;aMeHTaJibHbIX qa

CTHIJ;. 

• BhICOKOTO'IHbie ll3MepeHH.H MaCChI W-6o3oHa ll MaCChl TOn-KBapKa ,Zl;JI.H orpa

HH'leHH.H ,n;onycTrrMofi o6JiaCTH Mace Xrrrrc-6o3oHa, BhI'IHCJI.HeMofi qepe3 pa

,n;rraIJ;HOHHbie nonpaBKll °K Macce W-6030Ha. 

-=-0 
• lJ3yqeHrre pacna,n;oB B-Me3oHoB: H3MepeHrre napaMeTpOB OCIJ;HJIJI.HIJ;HH B~-B s 

Me30HOB, BpeMeH :>KH3HH rr Mace b/c a,n;poHOB, napaMeTpoB CP-HapyrrrnIOIIJ;Hx 

npoIJ;eCCOB ll ,n;p. 

• IIorrcK .HBJieHrrfi H qacTHIJ; 3a paMKaMrr CTaH,n;apTHOfi Mo,n;eJirr: cynepcHMMeT

prr'IHbIX qacTHIJ;, XrrrrCOBCKHX 6030HOB ll ,n;p. 

HccJie,n;oBaHH.H no YKa3aHHhIM aKTJaJihHblM HanpaBJieHH.HM COBpeMeHHOfi q>H3llKll 

BhICOKHX 3Heprrrfi BKJIIO'leHbI B nporpaMMY 3KcneprrMeHTa CDF. 

9KcneprrMeHT CDF cTapTOBaJI B 1988 ro,n;y; B 1996 ro,n;y B CB.H3H c peKOHCTpyKIJ;H

efi H pocToM CBeTHMOCTH TEBATPOHA npe,n;nprrH.HTa 3Ha'IHTeJihHa.H Mo,n;epHH3aIJ;H.H 

6oJihlllllHCTBa no,n;cHCTeM ycTaHOBKll H, B qacTHOCTH, nprr aKTHBHOM yqaCTllll OH5IH 

c03,n;aH HOBbifi Trrn Tprrrrepa Ha BTOPH'IHYIO BepIIIHHy(Silicon Vertex Trigger - SVT) 

Ha OCHOBe BepIIIHHHOro KpeMHHeBoro ,n;eTeKTOpa. TaK)Ke 3Ha'IHTeJibHO ,n;onOJIHeHa ll 

ycoBepIIIeHCTBOBaHa CllCTeMa CIJ;llHTHJIJI.HIJ;llOHHblX_ C'leT'lllKOB MIOOHHOro Tpllrrepa. 

)J;rrccepTaIJ;H.H nocB.HIIJ;eHa: 

• ll3Me{?eHHIO MaCCbI TOn-KBapKa B TaK Ha3brnaeMofi ,ll;HJienTOHHOfi MO,n;e 

• pa3pa6oTKe rr nprrMeHeHHIO Tprrrrepa Ha BTOpll'IHYIO BepIIIHHY B llCCJie,n;oBa

Hll.HX no q>ll3HKe T.H:lKeJibIX KBapKOB 

Bo BTopoM ceance T3BaTpona, na'laBIIIeMC.H B 2001 r., CDF HaKonHJI rrnTerpaJih

nyIO CBeTHMOCTh, B HeCKOJihKO pa3 npeBhIIIIaIOrrzyIO Ha6paHHYIO B 1-M ceance. YBe

JIH'leHHe 3Heprrrrr T9BATPOHA rr aKcenTaHca ycTaHOBKH CDF TaK:>Ke cnoco6cTBO

BaJIH yBeJIH'leHHIO 'lllCJia Ha6paHHblX co6b!Tllfi c pacna,n;aMH t-KBapKOB rr 6oJiee TO'I

HOMY ll3J'leHHIO xapaKTepHCTHK t-KBapKOB. TaKHM o6pa30M, ocyIIJ;eCTBJieH nepexo,n; 
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OT "IIITy<IHoro" II3y'IeHirn: 3TIIX KBapK0B K CTaTHCTII'IeCKII o6ecrre'IeHHblM 3KcnepII

MeHTaM, OTKpb!BIIIHil: H0Boe HanpaBJieHne - <pII3nKy T0II-KBapK0B. 

Macca t-KBapKa, KaK II 0CTaJibHb!X KBapK0B, He rrpe,ri;CKa3bIBaeTC.H Teopneil:, .HB

JI.H.HCb napaMeTp0M CTaH,ri;apTH0il: M0,D;eJin, K0T0pblii ,D;0JI)KeH 6b!Tb onpe,ri;eJieH 3KC

nepnMeHTaJibHO[a J. 

lfaMepeHn.H B 1-oM ceaHce T9BATPOHA orrpe,ri;ennnn Macey T0II-KBapKa 178.0± 

4.3 GeV /c2[b], 'ITO rrpnMepHo B 40 pa3 T.H)KeJiee Maccbl b-KBapKa. TaKa.H 6oJih

rna.H Macca, 6JIII3Ka.H K BeJIH'IIIHe HapyrneHII.H 3JieKTpOcJia6oil: CIIMMeTpIIn V = 
( y12G F )-1/ 2 ~ 246 GeV, HaBo,ri;nT Ha MbICJih, 'ITO T0II-KBapK M0)KeT IIrpaTb oco6y10 

p0Jib B npon:ecce HapyrneHll.H 3JieKTpOCJia6oii CllMMeTpm1[°j. BOJibIIIOii BKJia,ri; T.H)Ke

JI0ro T0TI-KBapKa '!epe3 neTJieBbie II0IIpaBKll B napaMeTpbl 3JieKTpOCJia6oro B3aIIM0-

,ri;eil:CTBll.H o6ecrre'InBaeT M0ID:Hb!il: TeCT CTaH,ri;apTH0il: Mo,ri;eJin. B 'IaCTH0CTll, T0'IH0e 

ll3MepeHIIe MaCCbl T0II-KBapKa Hap.H,D;y C T0'IHb!M ll3MepeHneM MaCCb! W-603oHa Ha

KJia,D;hIBa!OT )KeCTKIIe orpaHII'IeHn.H Ha Macey XI1rrc-6030Ha. 

CyMMilpOBaHHbie B ,ri;aHH0ii pa6oTe ll3MepeHII.H MaCCbl T0TI-KBapKa B ,D;IIJieIITOHH0il: 

Mo,ri;e Ha ,ri;aHHhIX ycTaH0BKII CDFII Ha cTaTIICTIIKe 340 pb-1 nony'IeHbI c II0M0ID:h!O 

TaK Ha3brnaeMoro PHI MeTO,ri;a (Neutrino Phi Weighting Method)- c np1rnJie'!eHI1-

eM ,!J;0II0JIHHTeJibHb!X npe,ri;IIOJIO)KeHilll 06 a3IIMYTaJibHb!X yrnax ¢ HeiiTpIIH0 [lj,[21, 

[4J,[5J. 9TOT pe3yJihTaT 0TMe'!eH KaK Ba)KH0e ,!J;0CTll)KeHile B BbIIIYCKe " Fermilab 

Today" OT 28 IIIOJI.H 2005 r. 

Pa3BIITI1e TeXH0JI0rIIII C03,D;aHII.H MIIKp0-CTPIIII0Bb!X ,ri;eTeKT0p0B II conyTCTBYIO

iu:eil: 3JieKTp0HIIKII 0TKpbIJI0 YHIIKaJibHbie B03M0)KH0CTII IIX lICII0Jih30BaHII.H B cpI1-

3IIKe Bb!C0KIIX 3HeprI1il: II npe)K,ri;e BCero ,D;JI.H C03,D;aHII.H paHee He,D;0CTYIIHb!X Tpilr

repoB. TO'IHOCTh KpeMHileBoro ,ri;eTeKT0pa II03B0JI.HeT ll3Mep.HTb IIPIIU:eJibHblll napa

MeTp TpeKa (d) c norpernH0CTbIO ~ 30µm II Bbl,D;eJIIITb TpeKII OT B-a,ri;poHa. Ha 

a,ri;poHHb!X K0JIJiaii,ri;epax ce'IeHile p0)K,D;eHII.H JierKIIX KBapK0B npeB0CX0,!J;.HT ce'IeHII.H 

p0)K,!J;eIIII.H b-KBapKOB Ha HeCK0JibK0 II0p.H,D;K0B. TaKIIM o6pa30M, B03MQ)KH0CTh Il3-

Mep.HTb npI1U:eJibHbie napaMeTpbl TpeK0B ( d) Ha TpilrrepH0M ypoBHe C Bb!C0K0il: T0'I

H0CTb!O 0TKpbIBaeT H0B0e HanpaBJieHI1e ,D;JI.H 3KcrrepIIMeHT0B Ha a,ri;p0HHb!X K0JIJiaii

,ri;epax - npeU:I13II0HH0e I1ccne,ri;oBaHI1e npou:eccoB c o6pa30BaHI1eM B-a,ri;poHoB. 

O6hI'IHbie Tpilrrepb! Ha a,ri;p0HHblX KOJIJiail:,ri;epax ,D;JI.H Il3y'IeHII.H <pil3IIKll T.H)KeJib!X 

KBapK0B (b, c) - 3T0 ,D;IIMIOOHHblll Tpilrrep ,D;JI.H J /'If; II TpI1rrep ,D;JI.H II0JiyJieIIT0HHb!X 

[al A.Olchevski, "Precision Tests of The Standard Model", Electroweak Review writeup, Europhysics 

Conference on High Energy Physics, Brussels,1995 
[bl CDF and DO Collaborations, and the Tevatron Electroweak Working Group: arXiv:hep-

ex/0404010. 
[cl M. Hashimoto, M. Tanabashi and K. Yamawaki, "Top mode standard model with extra 

dimensions". Phys. Rev. D 64, 056003 (2001); 
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b-pacna,ri;oB. C03,ri;aHI1e SVT 0TKpbIJI0 H0Bhiii TIIII TpIIrrepa ,D;JI.H Ha6opa II0JIH0CTbIO 

a,ri;p0HHb!X M0,!J; pacna,ri;oB II pacrnIIpIIJI0 B03MQ)KH0CTII II0JiyJieIIT0HH0ro Tpilrrepa. 

Bnaro,ri;ap.H npnMeHeHIIIO SVT TpI1rrepa Ha CDF II CTaJI0 B03M0)KHbIM II3Mepe

HIIe '!aCT0Tbl 0CU:IIJIJI.HU:IIH Bf-If.. lfaMepeHII.H npoBe,ri;eHbl Ha CTaTIICTIIKe 1 fb-l Ha 

Ha6opax ll3 3,600 TI0JIH0CTb!O B0CCTaH0BJieHHb!X a,ri;p0HHb!X pacna,ri;oB Es II 37,000 

'IaCTil'IH0 peK0HCTpyIIp0BaHHh!X II0JiyJieIIT0HHb!X pacna,D;0B Es· C II0M0ID:b!O Tnrre

pa Ha BT0pil'IHYIO BepIIIIIHY BIIepBbie II3MepeHO 3Ha'IeHile napaMeTpa 0CU:IIJIJI.HU:Ilii 

B~-1J°. Me30H0B f::..ms = 17.31 :::8:i~ (stat.) ± 0.07 (syst.) ps-
1 

[6J. 

ll;eJib pa60Thl 

UeJihIO ,ri;aHHOil: ,ri;nccepTan:noHH0ii pa60Tb1 .HBJI.HeTC.H I13MepeHI1e Macchi T0IT

KBapKa B ,D;IIJieITTOHH0ii M0,ri;e pacna,ri;a Ha ,ri;aHHb!X ycTaH0BKII CDF C II0M0ID:b!O TaK 

Ha3bIBaeMoro PHI MeTo,ri;a. 

BTopoil: Ba.arnoii 3a,ri;a'!eii p;aHH0ii ,D;I1ccepTan;II0HH0ii pa6oTbI .HBJI.HeTC.H npoBe,ri;e

Hile pa3pa60TOK B paMKaX K0MIIJieKCH0ii nporpaMMbl C03,D;aHII.H YHIIKaJibH0ro H0B0-

ro TpIIrrepa Ha BT0pII'IHYIO BepIIIIIHY ,D;JI.H a,ri;poHH0ro K0JIJiaii,ri;epa II ITPIIMeHeHI1e 

,ri;aHH0ro Tpnrrepa ,D;JI.H Il3y'IeHII.H <pll3IIKII T.H)!(eJib!X KBapK0B. B '!aCTH0CTII, ,D;JI.H 
-d) 

Il3MepeHII.H napaMeTpa CMeIIIIIBaHII.H Bf-B s Me30H0B, Il3MepeHII.H Ce'!eHII.H ITp.HM0ro 

po)!(,ri;eHII.H D-Me3oHoB, yT0'IHeHII.H Mace Es, Ab, yT0'IHeHII.H pa3HIIU:bI Mace D; - D+, 
II3MepeHI1.H BpeMeHII )KI13HII Ab II Ha6n10,ri;eHI1.H Bf --+ ¢¢ pacna,ri;a. 

Hay<IHrul HOBH3Ha pa60Thl 

BbIIIOJIHeHO 0,!J;H0 Il3 HaI16onee T0'IHb!X He3aBIICIIMb!X II3MepeHHii MaCCbl t-KBapKa 

B ",ri;11JieIITOHHOM" KaHaJie pacna,ri;a Ha CTaTIICTIIKe 340 pb-1 [21 C II0M0ID:b!O pa3BIIT0ro 

B ,ri;nccepTaU:IIII TaK Ha3brnaeMoro PHI MeTo,ri;a. 

BnepBb!e B npaKTHKe IICCJie,ri;oBaHH.H Ha a,ri;poHHb!X KOJIJiail:,ri;epax pa3pa6oTaH, co-

3,D;aH II ycITeIIIH0 IIPIIMeHeH Tpnrrep Ha BT0pll'IHYIO BeprnHHY B3alIM0,D;eiicTBll.H. ,lJ;aH

Hb!il: Tpnrrep II03B0JIIIJI BIIepBbie ll3MepnTb 3Ha'!eHue napaMeTpa f::..ms 0CU:HJIJI.HU:IIH 
-d) 

B~ -B s Me30H0B H IT0JIY'Il!Th Ba)!(Hb!e H0Bbie ,n;aHHbie ITpHHU:HITHaJibH0r0 3Ha'!eHII.H B 

o6JiaCTH <pll3l!Kll c, b-KBapKOB. 

IIpe,ri;cTaBJieHHbie B ,ri;nccepTau:nn pe3yJibTaTbl ITO CB0eil: Hay'IH0ii ITp06JieMaTn

Ke ITPIIHa,ri;Jie)!(aT K 'IIICJIY aKTYaJihHb!X pa3,D;eJI0B <pll3HKII Bb!C0KlIX 3Heprnii n, ITO 

co,ri;ep)!(aTe:71bH0CTll, 0TH0C.HTCH K ,D;0CTH)!(eHH.HM ITPHHU:lIITllaJibH0r0 Hay'IH0ro 3Ha'Ie

HH.H, BOCTpe6oBaHHb!M COBpeMeHH0il: Teopneii. 

Hayquo-rrpaKTH'leCKrul 3Ha'IHMOCTh pa60Thl 

B paMKax ,D;I1ccepTaU:I10HH0ll pa60Tbl pa3BlIT ll aITpo6IIpOBaH MeT0,!J; ll3MepeHH.H 

MaCCbl t-KBapKa B ,D;lIJieITT0HH0ll M0,ri;e (TaK Ha3bIBaeMblll PHI MeTo,ri;) ll ll3MepeHa 

Macca 3Toro KBapKa ITO ,ri;aHHhIM ycTaH0BKII CDF (<I>EPMHJJAB) Ha cTaTncTnKe 340 

pb- 1 . 9To ll3MepeHne II03B0JIHJI0 ycTaH0BlITb cornacue BeJill'IllH Mace t-KBapK0B, IT0-

Jiy'IeHHb!X B 0,!J;HO-JieITTOHH0ll II ,D;ByXJieITTOHH0ii M0,ri;ax paCITa,ri;a II Y'ITeH0 B IIT0r0B0ll 

BeJIII'InHe Macchi t-KBapKa, ITony'IeHHoii CDF KOJIJia6opan;I1eii. 
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lfaJIO)KeHHaH B .n;nccepTau;mI K0Hu;enu;HH H MCT0,D;HKa o6pa6oTKH H aHaJIH3a pe.n;

KHX npou;eccoa B 60JibUIHX HH<pOpMau;nOHHhlX Il0T0Kax Hafi,n;eT npnMeHeHHe B 3KC

nepHMeHTax Hoaoro noKoJieHHH Ha LHC, 

C03,n;aHHhlfi npn yqaCTHH .n;nccepTaHTa Tpnrrep Ha BT0pllqHyIO aepIIIHHY 0TKPhIJI 

npHHD;HnHaJihH0 H0Bhle B03M0)KH0CTH B 3KCnepnMeHTax Ha a,D;p0HHhlX KOJIJiafi,n;epax. 

OH n03B0JIHCT np0B0,D;HTb nOJIHOMaCUITa6HyIO nporpaMMY HCCJie,n;oaaHHfi no cpH3HKe 

b, C-KBapK0B, T.K. :=icpcpeKTHBHO no,n;aBJIHeT K.X.,n:. cpoH. B qaCTH0CTH, npnMeHeHHe 

,n;aHHoro Tpnrrepa Ha K0JIJiafi.n;epe a <I>EPMI1JIAB no3B0JIHJI0 anepabie a coapeMeH

H0ii cpH3HKe H3MepHTb 3HaqeHHe napaMeTpa OCD;HJIJIHD;Hfi B?-"lt; Me30H0B. 

OcHOBHbie pe3yJihTaTbI, BbIH0CIIMhle Ha 3aIIJ;IITy: 

l. l13MepeHHe MaCCbl t-KBapKa B ,D;HJienTOHH0fi M0,n;e pacna.n;a Ha CTaTHCTH

Ke 340 pb- 1 c noM0ID;hIO pa3BHT0ro HaMH TaK Ha3hrnaeMoro PHI MeTo,n;a: 

Mtop = 169.7 ::Jg (stat.)± 4.0 (syst.) GeV/c2
• Pe3yJihTaT npHHa,D;Jie)KHT K 

qncJiy Han6oJiee TQqHbIX He3aBHCHMbIX H3MepeHHfi MaCCbl t-KBapKa B ",n;nJien

TOHHOM" KaHaJie H aoUieJI a c6opHHK PDG (Particle Data Group, 2006 r.). 

2. Ilpe,n;JIO)KeHne, onTHMH3au;nH n npnMeHeHHe Ha CDFII MeTo,n;a H3MepeHHH 

MaCChI t-KBapKa a ,D;HJienTOHHOfi M0,D;e pacna.n;a c peK0HCTpyKu;Heii co6bITHfi 

npH n0M0ID;H CKaHHpoBaHHH MaTpHD;bI a3HMYTaJibHbIX yrJI0B pa3JieTa ,D;Byx 

HefiTpHH0. Anpo6au;nH MeTo,n;a Ha CM0,D;eJIHp0BaHHhIX co6bITHHX. 

3. Ou;eHKa MaKCHMaJibH0ii qyBCTBHTeJibH0CTH K H3MepeHHIO napaMeTpa CMeIIIH
-=<) 

aaHHH B?-B.-Me30HOB L\(m.) Ha ,n;aHHhIX 1-ro ceattca CDF: L\m!en"=6.8 ps-1 

Ha 95% ypoaHe ,D;0CTOBepH0CTH. 

4. ITpnMeHeHne SVT-Tpnrrepa ,D;JIH anepBbie ocyiu;ecTaJieHHoro H3MepeHHH na-
-=<l 

paMeTpa CMeIIIHBaHHH B?-B.-Me30HOB Ha CTaTHCTHKe 1 fb-l L\m. = 
17.31 :'.:2:i~ (stat.) ± 0.07 (syst.)ps-1. BeJinqnHa L\m. C00TBeTCTByeT Q)Kll

,n;aHHHM CTaH,n;apTH0ii M0,D;eJIH. 

IlpnMeHeHHe SVT Tpnrrepa MH o6ttapy)KeHHH B? -+ ¢xi> pacna.n;a, nepao

ro n3MepeHHH aepoHTH0CTH pacna.n;a Ab -+ At1l'-; yJiyqIIIeHHH cpe,n;HeMnpo

Bh1x(PDG) ,n;aHHhIX no H3MepeHHIO Mace B., Ab H pa3HHD;hI Mace D; - n+. 

5. Pa3pa60TKa H C03,D;aHHe, BnepBbie Ha a.n;poHH0M KOJIJiafi.n;epe, C0BMeCTH0 C K0JI

JieraMH, annapaTHo-nporpaMMHoro K0MnJieKca "Tpnrrep Ha npnu;eJihHhifi na

paMeTp", qTQ OTKpbIJI0 B03M0)KH0CTb :=icpcpeKTHBHO OT6HpaTb qnCT0 a,n;p0HHbie 

pacna,n;hI qacTnu; c c,b-KaapKaMH 6Jiaro.n;apH no.n;aaJieHHIO cpotta c cpaKTopoM 

~1000. 

6. J13yqeHHe C noM0ID;bIO nporpaMM M0,D;eJIHp0BaHHH H 3KcnepnMeHTaJibH0 xa

paKTepHCTHK H0B0ro "aepIIIHHHOro TpHrrepa". 
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C03,n;aHHe :=icpcpeKTHBHOii aBT0MaTnqecKoii CHCTeMbI off-line K0HTp0Jrn 3a oc

H0BHblMH rrapaMeTpaMH BepUIHHH0ro TpHrrepa C onpe,n;eJieHHeM K00p,D;HHaT 

o6JiaCTH B3aHM0,n;eiiCTBHH pp nyqK0B. 

Arrpo6an;m1 pa60Tb1 

OcHOBHhie pe3yJihTaTbl .n;nccepTau;noHH0fi pa6oTbI npe,n;CTaBJieHbI Ha Me)K.n;yHa

po,n;HhIX KOHcpepeHu;HHX H coaeiu;aHnHx: 4th International Conference on Large Scale 

Applications and Radiation Hardness of Semiconductor Detectors, <!>JiopeHu;HH, I1Ta

JIHH, 23-25 HIOHH 1999; 5th International Conference on Position Sensitive Detectors 

(PSD 5), JioH,n;oH, AHrnnH, 13-17 ceHrn6pH 1999; 5th international conference on 

large scale applications and radiation hardness of semiconductor detectors, <!>Jio

pettu;nH, I1TaJIHH, 4-6 HIOJIH 2001; 8th International Conference on Accelerator and 

Large Experimental Physics Control Systems (ICALEPCS 2001), San Jose, Ka

m1cpopHHH, CIIIA, 27-30 HOH6pH 2001; 7th International Conference on Advanced 

Technology and Particle Physics, Villa Olmo, Como, I1TaJIHH, 15-19 oKrn6pH 2001; 

10th International Workshop on Vertex Detectors (Vertex 2001), Brunnen, IIIaeii

u;apnH, 23-28 ceHrn6pH 2001; 9th Pisa Meeting on Advanced Detectors, La Biodola, 

Isola d'Elba, I1TaJIHH 25-31 MaH 2003; ICFP05-International Conference on Flavour 

Physics 05, Jungli,TaiiaaHh, 3-8 oKrn6pH 2005; PANIC 05 - XVII Particles and 

Nuclei International Conference, Santa Fe, New Mexico 24-28 OKTH6pH 2005; TOP 

2006, International Workshop on Top Quark Physics, Coimbra, ITopTyraJIHH 12-15 

HHBapH 2006 . 

OcHOBHbie pe3yJihTaTbI .n;nccepTau;nn ony6JIHKoBaHbI B pa6oTax l1-19]. 

O6'beM II CTpyKTypa ,n;11ccepTan;1111 

,ll;nccepTaD;HOHHaH pa6oTa ll3JI0)KeHa Ha 140 cTpaHnu;ax, C0CT0HT ll3 BBe,n;eHHH, 

qeTbipex rJiaB II 3aKJIJOqeHHH, co.n;ep)KHT 46 pncyHK0B, 10 Ta6JIHD; ll cnHC0K D;HTH

pyeMoii JIIITepaTypbI H3 96 HaHMeHOBaHHfi. 

Co,n;ep*aime ,n;11ccepTan;1111 

B rrepBoii rJiaBe npHB0,D;HTCH onncaHHe ycTaH0BKII CDF!eJ n ee ocH0BHhIX :=iJie

MeHT0B. Ha 3T0fi ycTaH0BKe HCCJie.n;yeTCH cpll3HKa coy.n;apeHHii Ha BCTpeqHbIX npo

T0HHbIX II aHTHnp0T0HHbIX nyqKax, C03,n;aaaeMhlX C n0M0ID;blO YCK0pHTeJibH0ro K0M

nJieKca T:=iBaTpoH (<I>EPMI1JIAB), c o6iu;eii 3Heprnefi B cncTeMe u;eHTpa Macc(CIJ;M) 

.n;o 1.96 TaB. 

YcTaHOBKa CDF, pncyHoK 1, HBJIHeTCH ,n;eTeKTopoM o6iu;ero Ha3HaqeHHH II cnpo

eKTHpoaaHa ,D;JIH n3yqeHHH npoT0H-aHTHnp0T0HHbIX B3aHM0,n;efiCTBHii Ha ycKopnTeJie 

T:=iBaTpOH. YcTaHOBKa HMeeT D;IIJIHH,D;pHqecKyIO reoMeTpIIIO C oceaofi CHMMeTpneii. 

Co apeMeHH BBo,n;a a 3KCnJiyaTau;nro a 1992 r. ycTaH0BKa CDF npeTepneJia pH,n; cyiu;e-

(
0

] CDF II Collaboration, "Technical design report," FERMILAB-Pub-96/390-E, October 1996. 
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Pnc. 1: CDFII ,n;eTeKTop. IloKa3aHhI BHyTpeHHnil: KpeMHHeBbiil: MHKpocTpmIOBhiii: ,n;eTeK• 

Top(SVXII), u;eHTpa.JihHaH ,n;peil:cpoBrur KaMepa( COT), 3JieKTp0MarHHTHhiil: n a,n;poHHhiii: 

Ka.JIOpHMeTpbi ll MIO0HHbie ,n;peil:<pOBbie KaMepbl co CIJ;llHTllJIJIHIJ;ll0HHblMll C'leT'!HKaMH. 

CTBeHHhIX H3MeHeHIIil:. TaK, HarrpuMep, yBeJiu'!eHue qucJia 6aH'leil: B rry'!Ke c 6 (RUN 
I) ,n;o 36 (RUN II) c o,n;HoBpeMeHHhIM yMeHhIIIeHueM BpeMeHu Me)K,n;y HUMM c 3500 

He (RUN I) ,n;o 396 HC (RUN II) Bhl3BaJIO Heo6xo,n;uMOCTh B psr,n;e ycOBeprneHCTBOBa

Huil:. B qaCTHOCTll, rrpuMeHeHa 6blCTpasr TeXHUKa c6opa ,n;aHHbIX, HOBa.H TpurrepHa.H 

CllCTeMa, ,n;eTeKTllpy10ru;ue CllCTeMbl YJIY'IIIIeHbl llJill 3aMeHeHhl Ha 6oJiee 6blCTpble ll 

3<p<peKTllBHhie. YcTaHOBKa CDF uMeeT BhICOKOTO'IHYIO cucTeMy perucTpau;uu Tpe

KOB 3ap.H)KeHHbIX qaCTllll;, KaJIOpUMeTpuqecKUil: KOMIIJieKC BblCOKOil: cerMeHTau;uu ll 

CllCTeMy perucTpau;uu ll u,n;eHTllq>UKau;uu MIOOH0B. IlpuMeH.HeTC.H MarHllTHOe IIOJie C 

MaKCllMaJibHOil: llH,D;yKIJ;lleil: B=l.5 T. BHyTpll COJieHOll,n;a, Herrocpe,n;CTBeHHO BOKpyr 

BaKyyMHOil: KaMephI, r,n;e rrpoucxo,n;.HT CTOJIKHOBeHll.H rrpOTOH-aHTllIIp0TOHHbIX rryq

KOB, pa3Meru;eH KpeMHlleBblil: BepIIIllHHblil: ,n;eTeKTOp. 3a KpeMHlleBbIM BepIIIllHHbIM 

,n;eTeKT0pOM pacrr0JIO)KeHa u;eHTpaJibHa.H ra30Ba.H TpeK0Ba.H CllCTeMa, KOTOpa.H BMe

CTe C KpeMHlleBblM BepIIIllHHbIM ,n;eTeKT0pOM o6pa3yIOT e,n;uHy10 TpeKOBYIO CllCTeMy. 

3a COJieHOll,ll;OM paCIIOJIO)KeHa KaJIOpuMeTpll'leCKa.H CllCTeMa, COCTO.Hru;a.a ll3 OT-

6 

,ll;eJibHbIX 3JieKTpOMarHUTHbIX ll a,n;pOHHbIX KaJIOpllMeTpOB. C ee IIOMOill;blO orrpe

,n;eJI.HIOT 3Hepruu ll KOOp,n;uHaTbl rrpOXO)K,n;eHU.H 3JieKTpOHOB, q>OTOHOB ll a,n;pOHHbIX 

CTpyil:. 

Ilo rrepuMeTpy pacrroJIO)KeHa MIOOHHa.H cucTeMa ycTaHOBKu CDF II, KoTopa.a co

cTouT ll3 CIJ;llHTllJIJI.HIJ;ll0HHblX C'!eT'lllK0B ll ,n;peil:q>OBbIX KaMep. 

CucTeMa c6opa ,n;aHHhIX ycTaHOBKll CDF crroco6Ha rrpuHuMaTb Bxo,n;.a~IO llH

cpopMau;u10 OT ,n;eTeKTOpOB C qacTOT0ii ,n;o 7.6 Mru; rrpu 132 HC llHTepBaJiax Me)K,n;y 

rrepeceqeHU.HMll 6aHqeil:. TpexypOBHeBa.H CllCTeMa TpurrepoB II03BOJI.HeT OT<pllJibTpo

BaTb IIOT0K co6bITllil: ll CHll3llTb KOHe'!HYIO qacTOTY 3arrucu Ha IIOCTO.HHHbiil: HOCllTeJib 

()KeCTKlle ,ll;llCKll, H0CllTeJill Ha MarHUTHbIX JieHTax) ,n;o 50 ru;. 

BToprui: rJiaBa IIOCB.Hiu;eHa orrucaHUIO pe3yJihTaT0B pa3pa60TKll ll rrpuMeHeHll.H 

Tpurrepa Ha BTOpll'IHYIO BeprnuHy (SVT) B 3KcrrepuMeHTe CDF. 

OT6op co6b!Tllil: ITO rrpll3HaKy BTOpll'IHOil: BeprnllHbl 3<p<peKTllBeH ,ll;JI.H OTHOCll

TeJibHO ,n;oJiro)KllBYiu;llX B Me30HOB. ,ll,aHHhlil: TllII Tpurrepa II03BOJI.HeT 3<p<peKTllBHO 

ll3y'laTb <pll3llKY B ll D-Me30HOB ' a TaK)Ke OT6upaTb co6b!Tll.H ,ll;JI.H u3yqeHI1.H TOII

KBapKOB llJlll IIOllCKOB Xurrca. 

BrrepBbJe B YCJIOBll.HX a,n;pOHHOro KOJIJiail:,n;epa Tpurrep Ha BTOpll'lHYIO BeprnuHy 

co3,n;aH B CDF 3KcrrepuMeHTe. 9To II03BOJIUJIO rrpoBeCTll YHllKaJihHYIO rrporpaMMY 

u3yqeHu.a B u D Me30H0B. 

<Pll3ll'leCKllM o60CHOBaHUeM ,ll;JI.H rrpuMeHeHll.H SVT .HBJI.HeTC.H crroco6HOCTb BbI,n;e

JlllTb BepIIIllHbl pacrra,n;a B-Me30HOB rryTeM OT6opa TpeKOB C 60JibIIlllMll rrpuu;eJib

HbIMll rrapaMeTpaMu. Ha CDF B Me30Hhl uMeIOT ,n;JIHHY rrpo6era rrop.a,n;Ka 500 µm, 

a TpeKll' rrpo,n;yKT0B pacrra,n;a B Me30HOB o6Jia,n;aIOT rrpuu;eJibHb!Mll rrapaMeTpaMll 

rrop.a,n;Ka 100 µm. 9TO llCIIOJib3YeTC.H, 'IT06bi yMeHbIIIllTb llHKJII03llBHblil: pfi q>OH, 

Ce'leHue KOT0poro rrpeBbIIIIaeT ceqeHue pO)K,n;eHll.H B Me30HOB rrpu6Jill3llTeJihHO B 

1000 pa3. Mo,n;eJiupoBaHue IIOKa3aJIO, 'ITO rrpu Bhl,n;eJieHllll B Tpurrepe rrpuu;eJibHblX 

rrapaMeTp0B TpeKOB B03MO)KHO llCIIOJib30BaTb 'laCTb IIOJIOCbl rrporrycKaHll.H Tpurre

pa ycTaHOBKll CDF u co6paTb cyru;ecTBeHHYIO CTaTUCTllKY pa3Jill'IHhIX Bu,n;oB 'lllCTo 

a,n;poHHhix B pacrra,n;oB, TaKux, KaK B -+ 1r1r u B. -+ D 81r, KOTOpble .HBJI.HIOTCR 

qpe3BbI'laiiHO llHTepeCHb!Mll ,n;JI.H ll3y'leHll.H HapyrneHll.H CP-'leTHOCTll ll ,ll;JI.H B. CMe

IllllBaHUR["I-

BeprnuHHhiil: Tpurrep (SVT) - HOBhiil: rrpou;eccop ,n;JI.H peKOHCTpyKu;un TpeKOB 3a

pR)KeHHhIX qacTuu; Ha 2-M ypoBHe Tpurrepa CDF. SVT rroJiyqaeT Koop,n;uHaThI xu

TOB, T.e. KOOp,n;uHaTbl rrepeceqeHll.H TpeKaMu 3ap.H)KeHHblX qacTUIJ; IIJiaCTUH BepIIIllH

HOro KpeMHueBoro ,n;eTeKTopa(SVX II) u rrapaMeTphl TpeKOB OT 6hlcTporo Tpurrepa 

rrepBOro ypOBHR(XFT), KOTOpblil: BOCCTaHaBJIUBaeT TpeKll B u;eHTpaJibHOil: ,n;peil:cpo

BOII KaMepe(COT). SVT peKOHCTpyupyeT TpeKu B IIJIOCKOCTu, rrorrepeqHoil: K ocu 

rryqKa [7j. BpeM.H Bb1pa60TKll perneHu.a TpurrepoM 2-ro ypoBeH.H rrpu6Jiu3uTeJibHO 

20 µs. CTOJib MaJioe BpeM.H perneHu.H ,n;MKTyeT ,n;JI.a SVT rrapaJIJieJihHoe BhIIIOJIHeHue 
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pa3JUPIHbIX 3a,U:a'I: BOCCTaHoBJiemrn KOOp,u:1maTbI XlITa 113 pacnpe,u;e.rreHlIH c11rmJ.JJOB 

B coce,u;H11x cTp11nax SVXII, pacno3HaBaH11e ,u;opo)K:eK TpeKoB 11 qmT11poaaH11e rra-

paMeTpoa TpeKOB c BbICOKOfi TO'IHOCTbIO [8]. . 

T11rr11'IHhifi Tp11rrep Ha ocHoae SVT Tpe6yer HaJJII'IIIH ,u;ayx TpeKoB c Pr > 
2 GeV/c2 Ha 1-M ypoaHe Tp1Irrepa OT XFT c O)K:II,U:aeMofi 'IaCTOTOfi ~30 Kfrr;, KO

TopaH nOHII)K:aeTC.H ,u;o ~30 rrr; nplI BKJIIO'IeHIIII Tpe60BaH1IH Ha nplIII;eJibHbie rrapa

MeTpbI TpeKoa d1, d2, TIInlI'IHO lO0µm < ldil, ld21 < 1mm. 

SVT pa361IT Ha 12 II,U:eHTlI'IHbIX ceKTOpoa, pa60Ta10irr;1Ix napanne.rrhHO II He3a

BIICIIMO [7]-[18J. cha apXIITeKTypa noJJy'IaeTC.H 113 reOMeTplIII svx II ,u;eTeKTOpa, 

KOTOpbifi pa.3,u;eJJeH Ha 12 II,U:eHTII'IHbIX KJJIIHbeB no a31IMYTaJJbHOMY yrny. svx II 
TaK)K:e cerMeHTIIpOBaH no C'beMy IIH<pOpMaII;IIII Ha 6 IIOJJy-6appe.rrett B HanpaBJJe

HIIII B,!l;OJ!h OCII ny'IKa (plICYHOK 2). IlepBbifi ypoBeHh Tp1Irrepa - 3TO pipeline CII-

SVXII 

Pnc. 2: SVXII - BepllilIHHhifi ,n;ereKT0p ycTaH0BKlI CDF 

CTeMa C 3a,u;ep)K:KOfi 5.5 µs II HyJJeBbIM MepTBblM BpeMeHeM. BpeM.H C'IIIThIBaHIIH 

40000 KaHaJJOB KpeMHIIeBoro ,u;eTeKTopa COCTaBJJ.HeT nplIMepHO 3 µs, 'ITO ,u;e.rraer 

HeB03MO)K:HblM IICnOJJb30BaH1Ie 3TOfi IIH<pOpMaII;IIlI Ha 1-M ypOBHe Tp1Irrepa. C ,u;py

rott cTopoHhI, B03MO)K:HO IICnOJJh30BaTb ,u;pettcpoay10 KaMepy (COT) Ha 1-M ypoaHe 

Tplirrepa. YcTpoficTBo, Ha3BaHHoe XFT(eXtremly Fast Tracker), pa3pa6oTaHo Ha 

68.3e COT ,!l;JJ.H peKOHCTPYKII;lIII 2-x MepHhIX KaH,U:II,U:aTOB B TpeKII c IIMnynhcaMII 

6onee Pr > 1.5 GeV /c, c rpy6h1M aoccTaHOBJJeH1IeM 3Haqem1tt Pr II ¢ (a31IMYTaJJh

Hhifi yron). XFT TpeKII ,u;anee IICIIOJJh3YIOTC.H Ha BTopoM ypoaHe SVT TplirrepoM 

coaMeCTHO c 1IHcpopMarr;1Iefi.oT KpeMH1Ieaoro ,u;ere1tTopa (SVXII) ,!l;JJH ·ToqHoro aoc

cTaHoBJJeHII.H napaMeTpOB TpeKOB: Pr, d II ¢. SVT TpeKII ,u;anee rrepe,u;aIOTC.H Ha 
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liJioK-cxeMa Tpurrepa ycTaHOBKH CDF II 

0 rpel(OB3JI CHCTeMa 

- .upeii,f,oeas 1<aMepa (COT) 
_ 1<peMnn••••R (SVX II & ISL) 

)leTelCTOp 

• 3-xypoeuem,tii Tpurrep 

- Ll: 5.5 µs 6y♦•P 

• XFI': L1 2D COT TP•"' 
- L2: -20 µs epeMH pemenHH 

• 2CT11J1nnno lOµs 
• SVT ua nepeoii CTIIJIHH L2 

- SVX II C'IIIThlB&uue 

- DOHCk: troOp.AHHaT npox<»B,ll;eHIUI '13CTHQ, 

- pacno,uaeauue o6pa,oe TPOl(OB 

- onpe,AeJieHne napaMetpoe ,petroe 

Pnc. 3: 6110K-CXeMa Tpnrrepa ycTaHOBKlI CDF 

paccMOTpeHIIe rnaaHoMy nom'IecKoMy 3JJeMeHTY Tp1Irrepa 2-ro ypoBH.H (GLOBAL 

LEVEL 2, p1ICYHOK 3) ,!l;JJ.H nplIH.HTHH pemeHH.H no noao,u;y HaJJH'Ilf.H B-a,u;poHoB a 

co6bITlflf. 

2-tt ypoaeHh TpHrrepa ycTaHOBKH CDF .HBJJ.HeTc.H 4-x 6ycpepHofi CHCTeMofi c non

HhIM BpeMeHeM pa60Thl nopH,u;Ka 20 µs, lf3 KOTOpblX OKOJJO 10 µs 3aHHMaeT pa6oTa 

6noKa GLOBAL LEVEL 2. TaKHM o6pa30M, Ha pa6oTy SVT TpHrrepa ocTaeTCH 

HeMHOrlIM 6onee 10 µs ,!l;JJH o6pa60TKlf lfH<pOpMaII;lflI C KpeMHHeaoro ,u;eTeKTopa If 

BOCCTaHOBJJeHHe TpeKOB. 

,Ll,JJH o6ecne'IeHHH BhlCOKOfi CKOpOCTlf If rn6KOCTlf anroplITM pa60TbI SVT pa.3-

,u;eJJeH Ha 2 CTa)];lflf. KaK noKa3aHO Ha pHCYHKe 4, pacn03HaBaHHe o6pa30B TpeKOB 

Bh!IlOJJHHe'!CH accorr;HaTHBHOfi naMHThIO (AM), KOTOpaH 0,U:HOBpeMeHHO cpaBHHBa

eT CJJe,u; OT ,u;aHHOro TpeKa C rua6JJOHaMlf BO BCex 51qefiKax naMHTlf [9J. OcHOBHble 

cpyHKII;HOHaJJhHhie 6JJOKH SVT 3TO: Hit Finders, Associative Memory system, Hit 

Buffer If Track Fitter [lOJ. Associative Memory system BhlnOJJHHeT npe,u;aapHTeJJh

Hoe pacn03HaBaHHe o6pa30B TpeKOB ,!l;JJH noCJJe,u;y10irr;ett TO'IHOfi o6pa60TKlf TOJJbKO 

Tex KOM6HHarr;Hfi Koop,u;HHaT OT SVXII If TpeKoB COT, KOTOpbie nporuJJH npe,u;aapH

TeJJhHhifi OT6op H HBJIHIOTCH xopOIIllfMlf KaH,U:lf,U:aTaMlf Ha TpeKH. 

9To Bb!IlOJIHHeTCH cpaBHeHIIeM nocTynaIOIII;lfX ,u;aHHblX C Ha6opoM o6pa30B Tpe

KOB, 3anncaHHhlX B accorr;HaTlfBHOfi naMHTlf. CpaBHeHHe npOH3B0,!l;lITCH rrapan-
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liJIOK-cxeMa SVT Tpurrepa 

e Pacno3H3B3HHe o6p330B TpeiroB H lj>HTHp0B3HHe IIX napaMeTpOB 

npoBO,llHTCll p33,lleJlbHO H noCJie,llOB3TeJibHO 

Pacn03H3B3HHe ,llOpOlEeK C noMOIQblO Acco1.111aTHBHOH IlaMllTII (AM) 
napaJIJleJibHblH aJiropHTM C rpy6bIM p33peweHHeM ,llJlll 

YMeHbWeHHll pa3Mepa AM 

::;z:Hitsr:\ :;:=··-~ 
Roads +hits 

Hits Ei 
vB ii~ :::;::;:,"'.: 

Roads 

~!---rd>. 
,/'/Tracks 1:5:./ 

(d,py,<j>) 

bblCTpoe <j,HTHp0B3HHe napaMeTpOB TpeKOB C noMO(QblO 

JIHHeHHOH annpoKCHM31.1HH. llcnOJib3yeTCll M3KCHM3JlbHOe 

p33peweu11e icpeMHHeaoro Bepw11uuoro ,lleTeKTopa. 

Pnc. 4: JI0rnKa pa6oTbI SVT Tpnrrepa 

JieJibHb!M cnoco6oM - T.e. 0,11,H0BpeMeHH0 co BCeMil o6pa:3aMil TpeK0B Il3 accou;H

aTHBHOH naMHTil, qTQ BbIIT0JIHHeTCH cneu;mlJ!Il3Ilp0BaHHbIM 3JieKTp0HHb!M 6JIOKOM 

(AMchip)[g]. 

O6pa3 TpeKa onpe,11,eneu KaK KOM6nuau;m1 5-Tn H0MepoB cynepcTpHn0B ( o6'be,ll,H

HeHHe H3 4-6 coce,11,uHx CTpHnoB,"SuperStrips",SS) c 5 pa3JIIlqHhIX cnoeB ,11,eTeKTopa, 

a IlMeHH0: 4 H0Mepa cynepcTpHIT0B C00TBeTCTBYIOT H0MepaM cynepcTpilIT0B BepnmH

H0ro ,11,eTeKTopa (SVXII), nepeceqeuHhIX TpeK0M 3ap.H)Keuuoil: qacTHII;hI, a 5-il: uoMep 

onpe,11,eJieH Il3 <PYHKII;IIIl, 3aBilC.Hiu;eil: OT KpilBil3Hhl Il a3IlMYTaJibH0ro yrna TpeKa, 

BoccTaH0BJieuuoro aneMeHT0M TpHrrepa (XFT) ,11,JIH ,11,peiicpoBoil: KaMephI (COT). 

Pe3yJihTaToM pa60ThI CHCTeMhI accou;HaTHBHoil: naMHTH (Associative Memory 

system) HBJI.HeTC.H CITIIC0K o6pa30B TpeKOB(,11,opo)KeK) TaKHX, r,11,e X0T.H 6bI 0,11,H0 C0B

na,11,eHHe H0MepoB 6hIJIO Haii:,11,euo ,ll,JI.H Ka)K,11,0r0 Il3 5 CJI0eB. ,lvI.H 3K0H0Milil naMHTll 

npou;ecc paCIT03HaBaHilH o6pa30B TpeK0B BbIIT0JIHHeTC.H C MeHhllIIlM pa3peIIIeHHeM, 

[g) S.R. Amendolia et al., ''The AMchip: a Full-custom CMOS VLSI Associative Memory for Pattern 

Recognition", IEEE Trans. Nucl. Sci., vol. 39, pp. 795-797, 1992. 
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qeM 3T0 B03MQ)KH0 Il3 cerMeHTaII;Ilil BepIIIIlHH0ro ,11,eTeKT0pa. Ka)K,11,aH ,11,op0)KKa M0-

)KeT co,11,ep)KaTb 6onee 0,11,H0ii: K00p,11,IlHaTbl TpeKa B pa3JIIlqHh!X CJI0.HX, qTQ npilB0,11,IIT 

K KOM6HHaTOpHOMY B03pacTaHHIO KaH,11,Il,IJ,aTGB B TpeKil. l..J:HCJIO o6pa30B TpeK0B (,11,0-

pO)KeK) orpaunqeuo pa3Mep0M naMHTil AM Il C0CTaBJIHeT 32768 ,11,JIH Ka)K,11,0r0 CeK

T0pa BepIIIIlHH0ro ,11,eTeKT0pa, qTQ onpe,11,eJIHeT a¢¢eKTilBHOCTb naX0)K,11,eHilH TpeK0B 

95%. 

Bo3MO)KHO npe,11,noJI0)KilTh, qTo M0)l{Hq creuep11poBaTh Il 3anoMHHTh B AM Bee 

,11,op0)KKil OT peaJibHblX TpeK0B, nepeceKaIOIII;IlX ,11,eTeKT0p. O,11,HaKo, HaJII1q11e K0Heq

H0ro pa3peIIIeHH.H ,11,eTeKTopa yxy,11,IIIaeT c11Tyarw10: ecnH n106oii II3Mepeuuoil: Koop

,11,11HaTe XIITa pa3peIIIeH0 cpnyKTYilPOBaTh B ueorpamrqeuuofi o6JiaCTII (B C00TBeT

CTBIIII c pacnpe,11,eneuneM raycca), Tor,11,a, B rrp11uu;11rre, n106a.H KOM611uau;H SS 6y,11,eT 

B03M0)KHQH ,11,opO)KKOH, C COOTBeTCTBYIOIII;efi Bep0HTH0CTbIO. 

B rrp11uu;11rre, yBen11q11Th a¢¢eKTIIBHOCTh AM M0)KH0, yBeJI11q11B pa3MepbI SS. 

O,11,HaKO, 60JibllIIIH pa3Mep ss rrpIIBe,11,eT KaK K yBeJI11qeHilIO qilCJia ,11,0p0)KeK, Hafi,11,eif

Hh!X B Ka)K,11,QM co6b!TIIII, TaK II K 60JibIIIefi MH0)KeCTBeHH0CTil KaH,11,H,IJ,aT0B B TpeKII 

BHYTPII Ka)K,11,0H ,11,op0)KKil. O6a 3TilX ¢aKTOpa Bhl3b!BaIOT yBeJI1Iqeu11e qIICJia TpeK0B 

,11,JIH II0CJie,IJ,YIOIII;ero <PilTilpOBaHilH (Track Fitter) II, C00TBeTCTBeHH0, BpeMeHII pa6o

Thl SVT. TaKHM o6pa30M, ueo6xo,11,11Mo uafiTII K0MrrpoM11cc Me)K,11,Y rrpoT11Bopeq11Bh1-

MII Tpe6oBaHilHMII: Bb!C0K0H a¢¢eKTilBHOCTil II MaJI0ro Bhrq11cJIHTeJibH0r0 BpeMe1111. 

YnyqrneHIIH B pa6oTe SVT MoryT 6bITh ,11,ocT11ruyThI 0IITHMH3au;Heil: Ha6opa ,11,opo

)KeK C u;eJibIO ,11,0CTII)KeHilH Ha1160JihHiefi a¢¢eKTIIBHOCTII npH <plIKClipOBaHHhIX 

pa3Mepax AM H BpeMen11 pa6oThI Track Fitter. 

O6bJqHblll crroco6 3aII0JIHeHIIH AM 6aHKa - 3T0 reuep11poBaH11e TpeK0B C C00TBeT

CTBYIOJII;IlMII rrapaMeTpaMH II 3arroJIHeu11e AM 6auKa ,11,op0)KKaMH, nonyqeunhIMH Ha 

3TilX TpeKax B rropH,11,Ke IlX II0CTYIIJieHIIH. O,11,uaKo, cornacuo rrpe,IJ,bl,IJ,YJII;eMy 06cy)K

,11,eu1110, MhI creuepnpoBaJIH qHCJI0 ,11,opo)KeK BO MH0ro pa3 rrpeBhirnaroiu:ee pa3Mep 

6anKa AM. ,Ll;aJiee, ynopH,11,QqilJIIl IlX B C00TBeTCTBilll C reoMeTp11qecKHM aKcerrTaH

C0M a; II 3aII0JIHIIJIIl 6aHK MaKCIIMaJibH0 a¢¢eKTIIBHh!MII ,11,0p0)KKaMil [16]. 

,Ll;aJihHeil:rnee yBeJinqeu11e a¢¢eKTilBHOCTil 6aHKa AM rronyqeHo Ha-

Mil 0IITIIMil3au;11efi ¢op Mb! ,11,0p0)KeK rrp11 coxpaHeHIIIl IlX o6'beMa ( onpe

,11,eJIHeMoro qepe3 rrpon3Be,11,enHe SS pa3HhIX cnoeB ,11,eTeKTopa) ,11,JIH rro

BhIHieHHH -reoMeTp11qecKoro aKcerrTaHca ,11,opo)KKeK. ,Ll;JI.H SVT B cooTBeT

CTBHII c TDR(Technical Design Report)[°] 3a,11,aHhI pa3Mepb1 SS no CJI0HM 

o = 250µm, 250µm, 250µm, 250µm, 50mrad, a II0JiyqeHHbie Ha.Mil 0ITTilMaJibHble 

pa3Mepb! C0CTaBJIHIOT: o = 364µm, 249µm, 249µm, 364µm, 23.7mrad. 
IlpnMeHenHe 0IITHMII3HpoBauuoro na6opa ,11,opo)KeK rrpnBeJio K yBemrqeHHIO acp

cpeKTilBHOCTil 6aHKa AM (32768 ,11,0pO)KeK) C 93 % ,11,0 97 %, qTQ II0Ka3aHo Ha PII

cyHKe 5. 

SVT Tpnrrep BrrepBhie 6bw rrp11Meueu B OKrn6pe 2000 B TeCT0B0M ceaHce Ha CDFII . 

BTopofi ceaHc ua T9BATPOHE c npHMeHenHeM SVT uaqaJIC.H Becnoil: 2001. 
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P11c. 5: YBeJIH'!eHHe reoMeTpH'!eCKOt!: 3q>q>eKTHBHOCTH 6aHKa AM 3a C'leT onTHMH3au;1m 

q>OpMbl H ynopH,!J;O'!eHHH ,n;opo:lKeK 

SVT MO)KeT cpyHKIJ;HOHHpoBaTh B pe)KHMe HCnOJJh30BaHH.H HH<pOpMaIJ;HH TOJJh

KO c KpeMHHeBoro aepHIHHHoro ~eTeKTopa (SVXII) - "silicon only". flpH 3TOM He 

HCHOJih3YIOTC.H ~aHHhre c TpHrrepHoro npou;eccopa (XFT) ~peii:cpoBoii KaMephI. flo 

cpaBHeHHIO co CTaH~apTHOll KOH<pHrypau;Heii: "silicon only" KOH<pHrypau;H.H HBJJ.HeTC.H 

MeHee TO'!HOll H3-3a yBeJIH'!eHH.H KOM6HHaTOpHoro cpoHa H xy~Hiero p83peHieHH.H. B 
'!aCTHOCTH, onpe~eJJeHO, 'ITO p83peHienHe no npHu;eJihHOMY napaMeTpy COCTaBJI.HeT 

c::: 50 µm H pa3peHieHHe Pr nJJoxoe, T.K. CJIOH aepHIHHHOro ~eTeKTopa SVXII pac

noJio)KeHhI O'!eHh 6JIH3KO K BepHIHHe (Me)K~ 2.5 H 8.7 CM). Pe)KHM pa60Thl "silicon 

only" 6hIJJ rroJJe3eH HaM Ha Ha'laJihHOii: CTa~HH 3anycKa SVT TpHrrepa. B qacTHOCTH, 

6hrJJa npoBepeHa cnoco6HoCTh SVT Haxo~HTh TpeKH 3ap.H)KeHHhrx qacTHU: [ 17]. 
fl pH pa6oTe B cTaH~apTHoii KOH<pHrypau;HH SVT HcnoJJh3yeT KaK XHThI c SVXII, 

TaK H ~aHHhre c XFT. 
,Il,JJ.H rrpaBHJJhHOro cpyHKIJ;HOHHpOBaHH.H TpHrrepa Heo6xo~HMO Y'IHThIBaTb no

rrpaBKY rrpHu;eJihHoro rrapaMeTpa, BhI3BaHHYIO CMeru;eHHeM OCH ny'!Ka. Ha pHCYHKe 6 
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nOK83aH rpacpHK d-¢ KOppeJI.HIJ;Hll ~JJ.H KaH~H~aTOB TpeKOB, KOTOpbie HMeIOT x2 < 10, 
nepe~ BhIIIOJIHeHHeM nonpaBOK (a) H noCJie npHMeHeHH.H nor1paBOK ( b). O6JiaCTH 6e3 

TO'leK B paii:oHe ¢ = 2.2 H ¢ = 4.2 CB.H3aHhI c OTCYTCTBHeM ceKTopoB SVXII. Koop

~HHaThI u;eHTpa OCH ny'!Ka, onpe~eJJeHHhie B nonepe'!HOll nJIOCKOCTH, COCTaBJI.HIOT 

Xo = 0.0995 CM H Yo = -0.3895 CM, c TO'!HOCTbIO c::: 3 µm KaK B HanpaBJJeHHH x 
TaK H y. B ~onOJJHeHHe K HaKJIOHY OCH ny'!Ka ycTaHOBJieHbI eru;e ~Ba OCHOBHhIX HC-

~o.6 
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~ 
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Puc. 6: Pacnpe,n;eJieHHe ITO npHu;eJihHblM rrapaMeTpaM B 3aBIICIIMOCTH OT a3HMyTaJibHOro 

yrJia ,!l;JIH KaH,n;u,n;aTOB B TpeKH C x2 < 10 ,!l;JIH CTaH,n;apTHOt!: SVT KOHq>Hrypau;nH. (a} : 

nepe,n; nonpaBKOii Ha na c,n;Bnr nyqKa; {b) : rroCJie nonpaBKH Ha c,n;BHr nyqKa. 

TO'IHHKa BKJJa~a B p83peHieHHe no npHu;eJibHOMY napaMeTpy TpeKOB. O~HH H3 HHX 

- OTHOCH:reJJbHa.H HeTO'IHOCTh B KOOp~HHaTHOM noJIO)KeHHH KJIHHheB SVXII ~eTeK

Topa. 9Ta HeTO'IHOCTh npHBO~HT K TOMY, 'ITO p83JIH'!Hhle KJIHHh.H SVXII "BH~.HT" 

rry'IOK B p83JJH'!HhIX MeCTaX. 9TOT 3cpcpeKT KOMnencHpyeTC.H TeM, 'ITO onpe~eJieHHe 

noJJO)KeHH.H OCH ny'!Ka H COOTBeTCTBYIOIIJ;He nonpaBKH M.H npHu;eJihHOro napaMeTpa 

npOH3B0~.HTC.H ne3aBHCHMO ~JJ.H Ka)K~Oro KJIHHa. 

,Il,pyroii: 3Ha'IHTeJJhHhlll 3<p<peKT - TaK H83hIBaeMa.H HeJIHHeii:HOCTh, KOTOpa.H B03-

HHKaeT npH JIHHeiiHOll annpOKCHMaIJ;HH M.H BOCCTaHOBJJeHH.H napaMeTpOB TpeKOB. 

flocJie KOppeKu;Hii Ha o6cy)K~eHHb!e BhIHie 3cp<peKThl HaMH noJiy'!eHo pacnpe

~eJieHHe no npHu;eJibHhIM napaMeTpaM TpeKOB, KOTOpoe HMeJIO cpopMy raycca C 
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a = 48µm [16]. 9To pacITpe)].eJieHne ITponcXO)].HT H3 cBepTKH pa3perneHHH SVT ITO 

ITpmJ,eJihHblM ITapaMeTpaM TpeKOB C ITJIOTH0CTb!O pacITpe)].eJieHHH B3aHMO)].eHCTBHfi 

ITOITepeK ocn nyqKa (npocpnJieM ITY'IKa). Ha pncyHKe 7 ITOKa3aHo TaKoe pacITpe

)].eJieHne )].JIH )].aHHhIX, Ha6paHHh1x Ha CDF B OKTH6pe 2001. Ilpn ncITOJih30BaHHH 
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i./25 -0.I -0.075 -0.05-0.025 0 0.025 0.05 0.075 0.I 0.125 
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Pttc. 7: Pacnpe,[\eJieHHe no npHll,eJ!hHb!M napaMeTpaM TpeK0B ,L\JIH ,[\aHHbIX, Ha6paHHb!X B 

OKTH6pe 2001, ,L\JIH KaH,L\H,[\aT0B B TpeKH c x2 < 10 H Pr > 2 GeV /c, TIOCJie nonpaBOK Ha 

Il0JIO)KeHHe nyqKa, OTHOCHTeJ!bHOe pacTI0JI0)KeHHe KJIHHbeB SVXII H HeJIHHeil:H0CTb. IlpH 

<pHTHpOBaHHH pacnpe,L\eJieHHeM faycca noJiy'leHo 3Ha'leHHe a = 48 µm. 

Il0)].Ha6opa co6hITHfi, B KOTOpbIX npHCYTCTByeT )].Ba TpeKa, B03MO)KH0 OITpe)].eJIHTb 

HCTHHHblll TIOITepe'IHhlll pa3Mep nyqKa (aB) 6e3 BJIHHHHH 3cpcpeKTa pa3perneHHH ITO 

ITpm1,eJihHOMY ITapaMeTpy TpeKOB. KoBapHall,HH npHll,eJihHbIX ITapaMeTpOB )].BYX Tpe

KOB npOITOpll,HOHaJibHa KOCHHycy pa3HOCTH HX a3HMYTaJibHbIX yrJIOB, 11¢: 

ad1d2 = (d1 · d2) = a1 · cos 11¢ (1) 

npH npe)].IlOJIO)KeHHH, 'ITO 3TH )].Ba TpeKa ITpOH30IIIJIH OT O)].HOH BepIIIHHbl H OIIIH6KH 

H3MepeHHH d1 H d2 He CKOppeJIHpoBaHhl. 

TaK KaK ITOJiy'leHHOe 3Ha'leHHe a = 48µm pacnpe)].eJieHHH ITO npHll,eJibHbIM ITa

paMeTpaM (pHCYHOK 7) HBJIHeTCH CBepTKOfi ITOnepe'IHOro pa3Mepa ITY'IKa (aB = 33 
µm) H pa3perneHHH no npHll,eJibHOMY ITapaMeTpy ad, ITOJiyqaeM ad= 35 µm, 'ITO HB

JIHeTCH npoeKTHhIM pa3perneHHeM SVT. Taicu.M o6paao.M, noCJLe y.,,ema nonepe.,,11,020 
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paa.Mepa ny.,,ica u eueceuuR ueo6xoau.MhlX nonpaeoic, 11,a.Mu aocmwmymo npoeicmuoe 
paapeweuue SVT. 

BechMa ::icpcpeKTHBHaH CHCTeMa off-line MOHHTOpHpoBaHHH SVT, onHcaHHaH B 

)].HCCepTall,HH, 6bIJia C03)].aHa HaMH B 2002-2003 r.r. CHCTeMa KOHTpOJIHpyeT OCHOB

Hbie pa6o'IHe ITapaMeTphl SVT e)Ke)].HeBHO. KoMnJieKc ITporpaMM aBTOMaTH'leCKH 

CTapTyeT Ka)K)].y!O HO'lb H o6pa6aTbIBaeT Bee HOBhie )].aHHbie, ITOCTYITHBIIIHe B KOH

TpOJibHYIO )].HpeKTOpmo Ha )].HCKe, 3a ITOCJie)].HHe 24 qaca. C03)].aIOTCH H aHaJIH3H

pyIOTCH MaCCHBbI OCHOBHblX BeJIH'IHH (Ntuples) )].JIH Ka)K)].Oro OT)].eJibHOro Ha6opa 

)].aHHbIX. ,IJ;anee C03)].aIOTCH rpacpHKH H TeKCTOBblll cpafiJI, KOTOpbie 3anHCb1BaIOTCH B 

CITell,HaJibHYIO )].HpeKTOpHIO. TeKCTOBbIH cpafiJI CO)].ep)KHT CJie)].ylll,He )].aHHbie: 

• i:.rucJIO n°' BOCCTaH0BJieHHhlX B KaHaJie pacITa)].a K 'Tr. 

• MnTerpaJibHYIO CBeTHMOCTb Ha6opa )].aHHbIX H ceqeHHe pO)K)].eHHH n°. 

• IloJIO)KeHHe OCH ny'IKa. 

• Cpe)].HHH ::icpcpeKTHBHOCTh pa60ThI SVT. 

• i:.rHcJio c6oeB B pa6oTe SVT (naxo)].HTCH H3 cpaBHeHHH c nporpaMMofi MO)].e

JIHpoBaHHH pa6oThl SVT). 

9ToT cpafiJI aBTOMaTH'leCKH pacchmaeTCH 'IJienaM SVT-rpynnhr ITO oKonqanHH 

pa60Tbl ITporpaMMbI off-line MOHHTOpHnra. <I>afiJihI C OCHOBHbIMH rpacpHKaMH KOITH

PYIOTCH B CITell,HaJibHYIO )].HpeKTOpHIO H CTaHOBHTCH )].OCTYITHbIMH )].JIH ITpOCMOTpa 

c web CTpaHHll,hI SVT. EcJIH O)].HH H3 ocHOBHhIX napaMeTpoB SVT (IToJIO)KeHHe ocH 

ITY'IKa, ::icpcpeKTHBHOCTh SVT, )].OJIH c6oeB SVT) BhIIIIeJI 3a ITpe)].eJihl ycTaHOBJieHHhIX 

rpaHHII,, TO )].OITOJIHHTeJibHhie e-mails C ITpe)].yITpe)K)].eHHHMH paCCbIJiaIOTCH BCeM 'IJie

HaM SVT rpyITIThI. 

Co3)].aHHaH CHCTeMa MOHHTOpHpOBaHHH ITOKa3aJia BbICOKYIO CTa6HJibHOCTb pa6o

Tbl B aBTOHOMHOM pe)KHMe, ITpHHHTa KOJIJia6opa11,Hefi H ITOMoraeT OITepaTHBHO naxo

)].HTb H ycTpanHTh pa3JIH'IHhie ITpo6JieMhl B pa6oTe SVT. 

HapH)].y C C03)].aHHeM KOMITJieKca ITporpaMM ITO off-line MOHHTOpHpoBaHHIO HaMH 

6b1JI Bnecen cylll,eCTBeHHhlfi BKJia)]. B pa3BHTHe on-line MOHHTopnpoBannsi SVT. B 

qacTHOCTn; 6bIJIH pa3BHTbl: 

1. IlporpaMMa on-line KOHTpOJIH Objectmon )].JIH Ha6JIIO)].ennsi BO BpeMH na6o

pa )].aHHhrx na ycTaHOBKe CDF 3a pa3JIH'IHhIMH o6'heKTaMn 11 BhICOKoro ypoB

HH11 - CTPYHMH B KaJIOpHMeTpe, He)].OCTaIOill,efi ITOITepe'IHOfi 3Heprnefi, J /'l/J H 

T.)].. IlporpaMMa 6bIJia pa3BHTa BKJIIO'leHHeM HOBOro, paHee OTCYTCTBYIOill,e

ro, MO)].yJIH )].JIH KOHTpOJIH 3a HHBapnaHTHOfi Maccofi H ceqenneM pO)K)].eHHH 

n°, BOCCTaHOBJiennoro Ha SVT TpeKax. IlpnMep cJiail:)].a c )].HCITJieH KOMHaThr 

KOHTPOJIH 3a na6opoM )].aHHhIX Ha ycTaHOBKe CDF ITpnBe)].eH Ha pncynKe 8. 
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2. IIporpaMMa on-line KOHTpo;rn TrigMon ,n;;rn Ha6mo,n;emrn BO BpeMH Ha6opa 

,n;aHHhlX Ha ycTaHOBKe CDF 3a pa3JHI'1HhIMH ofrheKTaMn 11HH3Koro ypoBHH 11
• 

BBe,n;eH, BblqHCJIHeTCH n OTo6pa:lKaeTCH CTaTyc TeKy111ero cocTOHHHH SVT Ha 

MOHHTope MH ,n;e:lKypHhIX orrepaTOpoB ycTaHOBKH CDF II. 

E .. 
ai 

ObjectMon #1 SVTMonltor Slide Show 
Run:168e00Event: 440105 #ofEvents:313iTlrff:ThuOct !itl0:43:452003 Rel.Run:-1 

D0 invariant mass Entries 1040 

30 

25 

20 

15 

10 

5 

IH quality : 1 

mean of 11: 1.883±0.001 

algma of rf: D.D15± 0.001 

number of D°: 253 

0 '-'--'--'-c--''-'--'-..____,_.__..,_.__.__._..____,_.__..,_.__.__,_-'--'_.__-'-L---L-'--'--'---'----'-' 
1.8 1.82 1.84 1.78 1.86 1.88 1.9 1.92 1.94 

GeV/c 2 

Pnc. 8: I'lHaapnaHTHalI Macca n°, aoccTaHOBJieHHoro Ha SVT TpeKax. IlpnMep cJiail:,n;a c 

,Ll;llCIIJieH KOMHaTbl KOHTpOJIH 3a Ha6opOM ,n;aHHbIX Ha ycTaH0BKe CDF. 

B pe3JJihTaTe rrpon3Be,n;eH 3arrycK TpIIrrepa HOBoro TIIrra (SVT), IICCJie,n;oBaHhI ero 

xapaKTepIICTIIKII II C03,Ll;aH KOMIIJieKC rrporpaMM MOHIITOpIIpOBaHIIH II orrepaTIIBHOro 

KOHTpOJIH SVT. 
B TpeTbeii rJiaBe paccMOTpeHbl <pII3IIqeCKIIe pe3JJihTaThI, ,Ll;OCTIIrHJThie 6Jiaro

,n;apH rrpIIMeHeHIIIO SVT TpIIrrepa. 

On;eHKa qyBcTBIITeJihHOCTII K II3MepeHIIIO rrapaMeTpa cMeIIIIIBaHIIH B~ B~ Ha ,n;aH

HhIX rrepBoro ceaHca [19] ycTaHOBKII CDF CTIIMJJIIIpOBaJia pa3pa6oTKY arrrrapaTHO

rrporpaMMHoro KOMIIJieKca "BepIIIIIHHhlll TpIIrrep" ( OIIIICaHHOro BO 2 rJiaBe ,Ll;IICcep

Tan;IIII), c,n;eJiaBIIIero B03MO:lKHbIM Ha6op qIICTO a,n;poHHhIX MO,LI; pacrra,n;a B. M830HOB, 

qTo II II03BOJIIIJIO, B IITOre, ,Ll;OCTIIqb OCHOBHOro pe3JJihTaTa: II3MepIITh L::,.m. BO BTO

pOM ceaHce CDF. 
SVT BrrepBbie OTKpbIJI HOBhlii TIIII TpIIrrepa ,Ll;JIH qIICTO a,n;pOHHhIX pacrra,n;oB II 

paCIIIIIpIIJI B03MO)KH0CTll IIOJIJJI8IITOHHOro TpIIrrepa: 

1. II011y11enmott'H'bl'U mpu22ep. O6blqHblii TpIIrrep Ha a,n;pOHHhlX KOJIJiaii,n;epax 

MH II3yqeHIIH <pII3IIKII TH:lKeJihIX KBapKOB (b, c) - 3TO ,Ll;IIMIOOHHhlll TpIIrrep 
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MH J /'1/J II TpIIrrep MH IIOJiyJieIITOHHhIX b pacrra,n;OB. Mo,n;epHII3IIpOBaHHhlii 

rroJiyJieIITOHHhiii TpIIrrep BhI,Ll;MHeT co6b1THH c JieIITOHOM Pt > 4Ge V / c II cMe-

111eHHhIM TpeKOM - TpeKOM c rrpIIn;eJihHhIM rrapaMeTpoM lO0µm < d0 < Imm c 

Pt > 2GeV/c. PeaJIII3an;IIH paHee He,n;ocTII:lKIIMoro Tpe6oBaHIIH Ha CMe111eHHh1ii: 

TpeK II03BOJIIIJia CHII3IITh rropor Ha Pt JieIITOHa ll yBeJIIIqIITh Bh!XO,LI; HJ:lKHhIX 

co6hITIIll rrpIIMepHO B 5 pa3. 

2. lfucmo aapo'H'H'bt'U mpu22ep c,n;eJiaJI B03MO:lKHhIM OT6op co6hITIIll C IIO-Kpaii:Heii: 

Mepe ,Ll;BJMH CMeIIIeHHhIMll TpeKaMII rrpOTIIBOIIOJIO:lKHOro 3apH,n;a C rrorrepeqHhIM 

IIMIIJJihCOM Pt > 2GeV/c Ka:lK,Ll;hiii II I:Pt > 5.5GeV/c . 

-=O -=O 
Ocn;nJIJIHD;IIII B Me3oHOB (bq, r,n;e q = d, s ,n;JIH Bd, B.) BhI3BaHhI cJia6bIMII B3aII-

Mo,n;eii:cTBIIHMH, MeHHIOIIIIIMII apoMaT. 
-=O 

IJJIOTHOCTh BepOHTHOCTII P+ (P_) MH Bq Me3oHa, pO:lK,Ll;eHHOro BO BpeMH t = 0, 

pacrraCThCH KaK ~ (Bg) B MOMeHT BpeMeHH t ,n;aeTCH COOTHOIIIeHIIeM 

r . 
P±(t) = 

2
qe-r•t [1 ± Acos(l:,.mqt)] (2) 

r,n;e l:,.mq - pa3HIIn;a Mace M8)K,Ll;Y ,Ll;BJMH MaCCOBbIMII COCTOHHllHMll B~,H II B~,L[h] a 

r q - IIIIIpIIHa pacrra,n;a, KOTopaH rrpe,n;rroJiaraeTCH O,Ll;IIHaKOBOii: MH 3TIIX MaCCOBblX 

COCTOHHIIll. Maccoaoe pa3JIIIqIIe l:,.md II L::,.m. MO:lKeT 6bITh IICIIOJlh30BaHO ,Ll;JIH orrpe

,n;eJieHIIH <pyH,n;aMeHTaJihHhIX rrapaMeTpOB !½di II l½sl MaTpIID;hI KKMP], KOTOphie 

CBH3bIBaIOT co6cTBeHHhie COCTOHHIIH Mace KBapKOB C co6CTBeHHhlMII COCTOHHIIHMII 

apoMaTOB KBapKOB. l13MepeHIIe l:,.m., o6'he,Ll;IIHeHHOe c l:,.md = 0.505 ± 0.005 ps-
1[i] 

rroMo:lKeT orrpe,n;eJIIITh OTHOIIIeHIIe I Ytd/Yts I co 3HaqIITeJihHO MeHhIIIeii: TeopeTIIqecKoii: 

Heorrpe,n;eJieHHOCThIO, qTO ,n;acT cepbe3Hblll BKJia,n; B rrpoBepKy YHIITapHOCTII MaTpII

D;bl KKM. 

,LI:JIH on;eHOK llCIIOJih30BaH MeTO,LI; aMIIJIIITJ,Ll;HOro <pIITIIpOBaHIIH[kJ, KOTOpblll II03-

BOJIHeT ofrhe,Ll;IIHHTh pe3JJihTaThl no CMeIIIIIBaHIIIO, IIOJiyqeHHhle C IIOMOillh!O pa3-

.rrnqHhIX 3KCrrepIIMeHTOB. B 3TOM MeTo,n;e aMIIJIIITy,n;a A OCD;llJIJIHD;IIH B~ II3MepHeTCH 

,Ll;JIH Ka:lK,n;oro <pIIKCIIpOBaHHOro 3HaqeHIIH L::,.m. rrpII IIOMOIIIII MeTo,n;a HaII60JihIIIero 

rrpaB,n;orro,n;o6IIH, OCHOBaHHOro Ha <pyHKD;IIII (2). 

[h] C. Gay, Annu. Rev. Nucl. Part. Sci. 50, 577 (2000). 
[i] M. Kobayashi and T. Maskawa, Prog. Theor. Phys. 49, 652 (1973). 
[i] S. Eidelman et al., Phys. Lett. B 592, 1 (2004) and 2005 partial update for the 2006 edition 

available on the PDG WWW pages 
[k] H.-G. Moser and A. Roussarie, ''Mathematical methods for B 0 B0 oscillation analyses", 

Nucl. Instr. and Methods A384 (1997) 491 
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3,n,ecb 3HaK MHHJC npn aMnJinTy,n,e COOTBeTCTByeT BepOHTHOCTll Ha6mo,n,eHHH CMe

IIIaHHbIX co6bITHit, a 3HaK nmoc OilllCbIBaeT HeCMeIIIaHHbie co6bITHH. C 60JibIIIOfi TOq

HOCTbIO MO)KHO cqnTaTb CTaTHCTnqecKyIO Heonpe,n,eJieHHOCTb A pacnpe,n,eJieHHOfi no 

3aKOHY raycca[1]: 

1 
aA = ------------/¥ J.(l - 2rJ)D(!:i,.m., 0-1, ap) 

(3) 

r,n,e N n J. - qnCJIO KaH,n,n,n,aTOB n ,.!l,OJIH cnrHaJia B paCCMaTpnBaeMOM Ha6ope, 'T/ -

BepOHTHOCTb OIIIn6oqHoro MeqeHnH II D(!:i,.m., 0"1, O"p) - cpaKTOp rro,n,aBJieHIIH II3-3a 

KOHeqHoro pa3peIIIeHHH ll3MepeHIIH BpeMeHn )KH3HII. 

,Ll,JIH orrpe,n,eJieHIIH pa3peIIIeHHH Ha II3MepeHne BpeMeHn )Kll3Hll llCIJOJib3OBaJiacb 

rrapaMeTpn3arr;1IH: 

a(cr) =Jar+ (tap) 2 (4) 

r,n,e 0"1 - pa3peIIIeHne ,D,JIH ,D,JIIIHbI rrpo6era n O"p - orrm6Ka rrpn BOCCTaHOBJieHHll llM

IlJJibCa B~. <l>aKTOp no,n,aBJieHIIH MO)KeT 6bITb 3aIIIICaH B BII,D,e: 

a2/:i,.m2 
D(!:i,.ms, o-1, ap) = exp( -T )r(ap, /:i,.m8 ). (5) 

ITepBbifi qJieH 3TOro Bbipa)KeHHH orrpe,n,eJIHeT OIIIn6Ky B peKOHCTpyKII;lllI ,.!l,JlllHbI rrpo-

6era, a BTopofi - norpeIIIHOCTh rrpn rrpeo6pa3oBaHnHx JlopeHrr;a. CornaCHo npeo6pa-

30BaHHHM[1j: 

r(ap, l:i,.m.) ~ ,/ii:Yexp(Y2)ERFC(Y), (6) 
00 

c Y = ~ up.I'm, n ERFC(Y) = },; J e-t
2 
dt. ToqHoe H3MepeHne napaMeTpOB 'TJ, 0-1 n 

y 
O"p Ba)KHO ,D,JIH aHaJin3a CMeIIInBaHHH. 

TaK KaK aMnJinTy,n,a A(!:i,.m.) nMeeT HOpMnpOBaHHOe pacnpe,n,eneHne BpefiTa

BnrHepa TO, cne,n,oBaTeJibHO, A=l nplI /:i,.m8 = /:i,.m~rue II A=O, ecnn /:i,.m8 y,n,aJieHo 

OT ero npaBHJibHOro 3HaqeHHH. Cne,n,oBaTeJibHO, nporr;e,n,ypa noncKa l:i,.m. CBO,.!l,HTCH 

K ll3MepeHHIO aMilJIHTJ,.!l,bI A(!:i,.m.) II ee OIIIH6Kn l7A(!:i,.m.) npn Ka)K,D,OM 3HaqeHHll 

l:i,.m •. BennqlIHa /:i,.ms MO)KeT 6bITb HCKJIIQqeHa npn 95% ypoBHe ,.!J,OCTOBepHOCTll eCJill 

(A+l.6450-A) ::;l. Hn)KHHfi npe,n,en Ha 3HaqeHne /:i,.m8 onpe,n,enHeTCH, KaK Han6oJib

IIIee 3HaqeHne, HII)Ke KOToporo Bee BeJinqnHhI /:i,.ms HCKJiroqeHhI. Ecnn /:i,.m;rue nMeeT 

oqeHb 60JibIIIOe 3HaqeHne (T.e. A=O), TO O)KH,D,aeTCH, qTo BCe BeJinqnHbI l:i,.m., TaKne, 

qTo 1.6450-A(!:i,.m.) <l, 6y,n,yT ncKnroqeHhl Ha 95% C.L. lfa-3a pa3peIIIeHnH, 3aBncH

rrr;ero OT BpeMeHn, BeJI1IqnHa aA(!:i,.m.) HBJIHeTCH B03pacTarorrr;efi q>yHKrr;nefi OT l:i,.m. 
ll CJie,D,OBaTeJibHO, BO3MO)KHO HCKJIIQqllTb 3HaqeHHH /:i,.ms ,D,O /:i,.m;ens, r,n,e /:i,.m;ens, 
Ha3brnaeMaH qyBCTBHTeJibHOCTbIO aHaJIH3a, onpe,n,eJieHa KaK 1.645a A ( /:i,.m;en•)=l. 

[1] ALEPH collaboration,"Combined limit on the B~ oscillation frequency'', ICHEP96-PA08-020 

(1996) 
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Pa3JillqHbie ll3MepeHnH A, BbIIIOJIHeHHbie rrpn ,n,aHHOM 3HaqeHnn l:i,.m., MO)KHO 

JierKO ycpe,D,HHTb. TaK, ,.!l,JIH n He3aBHCIIMbIX ll3MepeHIIfi cpe,n,HHH aMITJIHTy,n,a 6y

,n,eT[kj: 

- A1 A2 An - 2 
A = ( a(A)i + a(A)~ + ... + a(A)~ )a(A) ' 

c CJMMapHofi OIIIH6Kofi: 

a(A) = (a(A)12 + a(A)22 + ... + a(A);;-2)-112. 

(7) 

(8) 

CooTHOIIIeHne (8) HCilOJib3JeM ,.!l,JIH BbrqncJieHHH KOM6nHnpoBaHHOro npe,n,ena 

orr;eHKll qyBCTBHTeJihHOCTll !:i,.m •. 
ITapaMeTpbl KaHaJIOB, llCilOJib3OBaHHbie ,D,JIH HaIIInx orr;eHOK: N- quCJIO C06b!Tllfi 

,.!l,JIH Ha6opa B~, J.- qncTOTa Ha6opa Bi, ,,,_ BepOHTHOCTb HenpaBHJibHOrO MeqeHHH, 

O"/ n O"p- pa3peIIIeHHH - npe,n,cTaBJieHbI B Ta6nnrr;e I. 

Katta/1 Ha6op aa'H'H'b!X N J. 'T/ o-1 (µm] O"p 

si-+ ¢>Xlv ,.!l,IIJieIITOHHblfi 3132 0.21 0.25 60 0.14 

nt _. ¢>1r+ IIHKJII031IBHblfi JieIITOHHblll 395 0.64 0.40 70 0.12 

n-:--> K*°K+ IIHKJII031IBHblfi JieIITOHHblfi 277 0.65 0.40 70 0.12 

,.!l,HJieIITOHHblfi 128 0.61 0.25 60 0.14 

nt-+ RiK+ HHKJII03HBHblll JieIITOHHblll 59 0.69 0.40 70 0.12 

,.!l,IIJieIITOHHblll 30 0.61 0.25 60 0.14 

D-;-+ ¢>µ-v ,.!l,HJieIITOHHblfi 610 0.34 0.40 70 0.12 

Dt -+ K+1r+1r- HHKJII031IBHblfi JieIITOHHblll 110 0.65 0.40 70 0.12 

,.!l,IIJieIITOHHblfi 51 0.61 0.25 60 0.14 

n-:- -+ fo(980)1r+ HHKJII03HBHblil: nerrTOHHblil: 132 0.64 0.40 70 0.12 

,.!J,HJieIITOHHblll 61 0.61 0.25 60 0.14 

n-:- -, ¢>1r+1r+1r- IIHKJII031IBHblfi JieIITOHHhlfi 198 0.64 0.40 70 0.12 

Ta6nm~a I: IIapaMeTpbl KaHaJIOB pacrra,n,a, paCCMOTpeHHh!X ,D,JIH orr;eHKII 'IJBCTBIITeJihHOCTII 

rrapaMeTpa ~ms (19] 

ITocne ofrhe,n,1rnemrn pe3JJibTaTOB Bcex paCCMOTpeHHbIX KaHaJIOB pacna,n,a ,.!l,JIH HH

KJII03llBHOrO JienTOHHOrO II ,.!l,HJieilTOHHbIX TpnrrepOB orr;eHeHa qyBCTBHTeJibHOCTb K 

ll3MepeHHHM l:i,.m. paBHaH 6.2· ps-1 npn 95% ypOBHe ,.!l,OCTOBepHOCTH. chOT pe3JJibTaT 

MO)KeT 6bITb ynyqIIIeH C npnMeHeHneM TeXHHKll MeqeHHH no 3apH,n,y CTpyn B llHKJII0-

3llBHOM JienTOHHOM Ha6ope, qTQ CHH3HT BepOHTHOCTb HenpaBHJibHOro MeqeHHH ,.!l,O 
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Puc. 9: °YJIY'IUieHblll o6'be,l],llHeHHblll pe:iyJibTaT no 'IYBCTBllTeJibH0CTll (1.6450-A(fim!ens)) 

,l],JIR Bcex KaHaJI0B rrpll Bep0RTH0CTll OUill60'IHOro Me'leHllR 77=0.3 ,l],JIR llHKJII03llBHOro JieII

T0HHOro TpnrrepHoro Ha6opa. 

77=0.3 II rrpIIBe,l],eT K 'IJBCTBIITeJibH0CTII L\m:en•=6.8 ps-1 
rrpII 95% ypOBHe ,Il,0CTOBep

HOCTII (pIICJHOK 9). }haK: 'IJBCTBIITeJibHOCTb K II3MepeHIIIO rrapaMeTpa CMeIIIIIBaHIIR 

fim. IIOJIJ'IeHa ,l],JIH KOM6IIHaIJ;IIII ,l],aHHhIX OT pa3JIII'IHbIX KaHaJIOB pacrra,l],a Bi Ha 

CDF. Mhr paccMoTpeJIII pa3JIII'IHhre KaHaJihI ,Il,JIH ,Il,IIJieIITOHHoro II IIHKJII03IIBHoro 

JieIITOHHoro TpIIrrepHbIX Ha6opoB. B pe3JJibTaTe IIOJiy'IeHa ou;eHKa MaKCIIMaJibHOll 

'IJBCTBIITeJibHOCTII, ,Il,OCTJIIHOli Ha ,I1,aHHhIX 1-ro ceaHca CDF L\m:en•=6.8 ps-1 
Ha 

95% ypoBHe ,Il,OCTOBepHOCTII. 

BJiaro,I1,apsr rrpIIMeHeHIIIO SVT TpIIrrepa Ha CDF II ,Il,OCTIIrHyTa cTaTIICTIIKa, ,Il,O

CTaTO'IHaH ,Il,JIH II3MepeHIIH 'IaCT0TbI OCIJ;IIJIJIHIJ;IIll B~-~- IfaMepeHIIH rrpOBe,l],eHbI Ha 

CTaTIICTIIKe 1 fb- 1 Ha Ha6opax II3 3,600 IIOJIHOCTbIO BOCCTaH0BJieHHbIX a,l],pOHHbIX 

pacrra,l],OB Bs II 37,000 'IaCTII'IHO peKOHCTpyIIpOBaHHbIX IIOJiyJieIITOHHhIX pacrra,l],OB 

Bs [6]. 
B-a,l],pOHbI OT06paHbI C IIOMOlllhIO TpIIrrepHOH CIICTeMhI, KOTOpasr BOCCTaHaBJIIIBa-

eT TpeKII 3apmKeHHhIX 'IaCTIIIJ; II OTCJie:limBaeT B-Me30HbI C 60JihIIIIIMII rrpo6eraMII. 

OcHOBHOH KOMIIOHeHT TpIIrrepHoli CIICTeMbI, II03BOJIIIBIIIIIH rrpoBeCTII ,l],aHHbie II3Me

peHIIH - 3TO KOMIIJieKC "SVT TpIIrrep", KOTOpbIH OT6IIpaeT co6bITIIH, CO,l],ep)KallIIIe 
-=<J B. --+ D;rr- II D;rr-rr+rr- pacrra,l],hI. 

-=<J 
,LI:m1 peKOHCTpyKIJ;IIII KaH,l],II,l],aTOB B s CHa'IaJia OT6IIpaJIIICb co6hITIIH D; --+ 

¢rr+' K*(892)0 x+' II 7r+7r-7r+, C ¢ --+ x+ x- II K*0 
--+ x+rr-; rrpII 3TOM Tpe-

6oBaJIII, 'IT06bI ¢ II x•° KaH,l],II,l],aTbI COOTBeTCTBOBaJIII II3BeCTHhIM MaccaM II IIIII

pIIHaM 3TIIX ,Il,BYX pe30HaHCOB. D; KaH,l],II,l],aTbI o6'he,l],IIHHJIIICb C O,l],HOH IIJIII Tpe

MH ,l],OIIOJIHIITeJibHbIMII 3apSI)KeHHhIMII 'IaCTIIIJ;aMII ,Il,JIH o6pa30BaHIIH fl; e-, D;rr- II 
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D;rr-rr+rr- KaH,I1,II,I1,aTOB. C rroMOlllhIO D; II ,l],pymx rrpo,Il,KTOB pacrra,l],a ~ orrpe,I1,e

m1J1acb o6ru;asr BepIIIIIHa po)K,Il,eHIIH B TpexMepHOM rrpocTpaHCTBe. ,LI:JIH KOHe'IHOro 

COCTOHHIIH K*(892)0 x+ 6blJIII J,Il,aJieHbI KaH,l],II,l],aThI, COBMeCTIIMhie C rIIIIOTe3oll: pac

rra,l],a n+ --+ x-1r+1r+. 
ApoMaT Bs BO BpeMH pO)K,l],eHIIH orrpe,l],eJIHeTCH ,Il,BJMH crroco6aMII: orrpe,l],eJieHIIe 

apoMaTa B. C IIOMOlllbIO II3MepeHIIH 3apsr,l],a COIIJTCTBYIOllIIIX KaOHOB (same-side tag); 

II3MepeHIIe 3apsr,I1,a JieIITOHa OT rroJiyJieIITOHHoro pacrra,I1,a BToporo b a,I1,p0Ha, po)K

,l],eHHoro B CTOJIKHOBeHIIII ( opposite-side tag). 

9q:iq:ieKTIIBHOCTII rrpIIMeHemrn 3TIIX crroco6oB Me'IeHIIH Q = {D2 OIIIICbIBaIOTCH 

rrocpe,Il,CTBOM 3q:>q:>eKTIIBHOCTII E - ,Il,OJIII CIIrHaJibHbIX co6bITIIli C rrpIICBOeHHOH MeTKOli 

n 11
pa36aBJieHHH

11
(dilution) 'D = 1 - 2w - r,l],e w - BepOHTHOCTb Toro, 'ITO MeTKa 

orrm6o'IHa. 

IIpou;e,Il,Jpa MaKCIIMaJihHqro rrpaB,l],OIIO,Il,06IIH 6bIJia IICIIOJib30BaHa ,l],JIH IIOIICKa Bs 

OCIJ;IIJIJIHIJ;IIH. <I>yHKIJ;IIH HaII60JihIIIero rrpaB,I1,0IIO,I1,06IIH BKJIIO'IaeT B Ka'IeCTBe rrapa

MeTpOB Macey, BpeMH )KII3HII, pa3peIIIeHHe ITO BpeMeHII )KII3HII II IIHq:>OpMaIJ;HIO O 

MeTKe ,l],JIH Ka)K,l],Oro KaH,l],II,l],aTa, a TaK)Ke CO,Il,ep)KHT 'IJieHbI ,Il,JIH CIIrHaJia II pa3HhIX 

THIIOB q:>oHa. <PHTIIpOBaHHe rrpOII3BO,Il,HTCH B TPII 3Tarra. Bo-rrepBbIX, BbIIIOJIIrneTCH 

COBMeCTHhIH q:>HT ,Il,JIH MaCCbI II BpeMeHII )KII3HII, ,Il,JIH OT,l],eJieHIIH CIIrHaJia OT q:>OHa 

II ,Il,JIH orrpe,l],eJieHIIH MaCCbI II BpeMeHHbIX xapaKTepIICTIIK pacrra,l],OB. CoBMeCTHhIH 

q:>IIT ,Il,JIH MaCCbI B. II IIIIIpIIHbI pacrra,l],a ,l],JIH a,I1,pOHHOro Ha6opa co6bITIIH II IIIHpIIHbI 

pacrra,I1,a ,l],JIH IIOJiyJieIITOHHOro Ha6opa IIOKa3aJI 3Ha'IeHIIH, COBMeCTHMbie C ,l],aHHbIMII 

PDG[ij. ,LI:aJiee, aCHMMeTpHII B orrpe,l],eJieHIIH apoMaTOB II3MepHIOTCH ,l],JIH pa3JIH'IHhIX 

KOMIIOHeHT q:>OHa. Ha IIOCJie,l],HeM 3Tarre rrpOBO,Il,IITCH q:>HTIIpOBaHIIe ,l],JIH orrpe,l],eJieHIIH 
-=<J 

rrapaMeTpOB B~ - B. OCIJ;IIJIJIHIJ;IIli; Macca, BpeMeHHbie xapaKTepIICTIIKII pacrra,l],OB II 

q:>OHOBbie aCHMMeTpIIII q:>IIKCIIpyIOTCH co 3Ha'IeHHHMII, orrpe,l],eJieHHbIMII Ha rrpe,l],bI,Il,Y

llIHX 3Tarrax q:>IITIIpoBaHIIH. CIIrHaJibHhie <PYHKIJ;HII IIJIOTHOCTII BepOHTHOCTII (<I>IIB) 

3aIIIICbIBaIOTCH B 06I1IeM BII,l],e [6]: 

S±(t;, <Jt,, 'D;) = 

e(t;) J ~• e-r,t' [1 ± AV; cos(L\m.t')] Q(t; - t', <JtJ dt' 

r,I1,e 'D; - dilution ,Il,JIH i-ro KaH,Il,II,Il,aTa, at;, <Jt., Q II e(t) 6brJIII orrpe,I1,eJieHhI paHee. B 

COOTBeTCTBHII C MeTO,Il,OM[k], OTq:>IITIIpOBaHa aMIIJIHTJ,l],a OCIJ;IIJIJIHIJ;IIH AB 3aBIICIIMO

CTH OT 3Ha'IeHIIH L\m •. IIpII rrpaBIIJibHOM y'IeTe 3Ha'IeHIIH ('D;, /Jt.) rrpe,Il,IIOJiaraeTCH, 

'ITO aMIIJIIITy,Il,a OCIJ;IIJIJIHIJ;IIfi COBMeCTIIMa C A = 1 rrpII 3Ha'IeHIIII L\ms, COOTBeTCTBY

IOllleM HCTIIHHOH 'IaCTOTe OCIJ;IIJIJIHIJ;Hfi, II aMIIJIIITy,Il,a OCIJ;IIJIJIHIJ;IIfi COOTBeTCTByeT 

A = 0 rrpII 3Ha'IeHIIHX L\ms, J,Il,aJieHHbIX OT IICTHHHOH 'IaCTOTbI OCIJ;HJIJIHIJ;IIfi. Ha 

pIICJHKe 10 (BBepxy) IIOKa3aHO 3Ha'IeHIIe OTq:>IITIIPOBaHHOfi aMIIJIHTJ,l],hI B 3aBIICH

MOCTII OT 'IaCTOTbI OCIJ;IIJIJIHIJ;Hll. l'..{yBCTBIITeJihHOCTb II3MepeHIIH orrpe,I1,eJieHa MaKCII-
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PIIC. 10: (BBepxy) lfaMepeHHbie 3HaqeHIIH aMIIJIIITY,D;bI II onm6KII B 3aBIICIIMOCTII OT B~-"If; 
qacTOTbl OCIJ;IIJIJIHIJ;IIH b.m •. IlpII 3HaqeHIIII qaCTOTbI 17.3 ps-1 aMIIJIIITy,n;a COOTBeTCTByeT 

e,n;IIHIIqHoMy 3HaqeHIIIO II OTJIIIqHa OT HYJIH Ha 3.7 CTaH,n;apTHbIX OTKJIOHeHIIH. IloJIOCbI, 

IIOKa3aHHbie CBeTJIO cepbIM II TeMHO cepb!M COOTBeTCTBYIOT O,D;HOCTOpOHHeMy 95% ypoBHIO 

,D;OCTOBepHOCTII ,D;JIH CTaTIICTIIqecKIIX onm60K II ,D;JIH IIOJIHbIX onm60K ( CTaTIICTIIqeCKIIX + 
CIICTeMaTIIqeCKIIX) COOTBeTCTBeHHO. 

(BHII3Y) JlorapIIcpM OTHOIIIeHIIH cpyHKIJ;IIll HaII60JibIIIero rrpaB,n;orro,n;o6IIH ,D;JIH aMIIJIIITY,lJ;hI, 

paBHOll HYJIIO II aMIIJIIITY,D;hI, paBHOH e,n;IIHIIu;e, A= log[.cA=0;.cA=l(b,.m.)], B 3aBIICIIMOCTII 

OT qacTOTbl OCIJ;IIJIJIHIJ;IIH. HaII60Jiee rJiy6oKIIH MIIHIIMYM COOTBeTCTByeT b.ms = 17.3 ps-
1

, 

r,n;e 3HaqeHIIe A = -6. 75. lllTpIIXOBaHHaH ropII30HTaJihHaH JIIIHIIH yKa3bJBaeT 3HaqeHIIe 

A, KOTOpoe COOTBeTCTByeT BepoHTHOCTII B 1 % ,n;JIH CJiyqag ,D;aHHbIX, MeqeHHbIX CJiyqail:HblM 

o6pa30M. 

MaJibHblM 3HaqeHIIeM b.m., r)],e A = 1 IICKJIIOqeHa Ha 95% ypoBHe )],OCTOBepHOCTII 

)],JIH cJiyqaH, eCJIII 6hl II3MepeHHOe 3HaqeHIIe A paBHHJIOCb Hymo. qyBCTBIITeJihHOCTb 

CDF II cocTaBJIHeT 25.8 ps-1 II rrpeBhIIIIaeT ofrbe)].IIHeHHYIO qyBCTBIITeJihHOCTh BCex 

rrpe)].hl)].yID;lIX 3KCrrepnMeHTOB[i]. IIpn 3HaqeHHlI b.m, = 17.3 ps-
1

, Ha6JIIO)],aeMaH 

aMIIJIHTY)].a COCTaBJIHeT A= 1.03 ± 0.28(stat.), qTO COBMeCTIIMO c e)],IIHlII.J;eil: II yKa-

3bIBaeT Ha HaJIIIqne OCIJ;IIJIJIHIJ;Hii B~-~ Ha 3TOil: qacTOTe. A )].JIH aMIIJIIITY,!1,hI IIMeeM 
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A/ a A = 3. 7, r,!l,e a A - OIIIn6Ka II3MepeHHH A. OTpIIu;aTeJihHhie 3HaqeHIIH aMIIJIHTJ)]., 

II3MepeHHbie rrpn qacTOTaX, HeMHOro BhIIIIe lI HeMHOro HII:lKe IIHKOBOH, Bbl3BaHbl 

orpaHnqeHHOil: o6JiaCThIO H3MepeHnH rrpo6eroB B., KOTopaH orrpe)].eJIHeTcH TpIIrrep

HhIMII ycJIOBlIHMlI n KpIITepnHMlI OT6opa co6bITHfi. CIICTeMaTnqecKaH OIIIII6Ka A 
Bbl3BaHa Heorrpe)],eJieHHOCTHMII )],JIH lI3MepeHnfi O't, lI 'D;. TaK KaK BJIIIHHIIe 3THX 

Heorrpe)].eJieHHOCTeil: Ha A u a A cKoppeJIIIpoBaHo, TO OTHOIIIeHne A/ a A nMeeT rrpe

He6pe:lKnMyIO ClICTeMaTIIqecKyIO OIIIH6Ky. • 

B IITOre rrpoBe)],eHO rrepBoe lI3MepeHne. b.m •. ToqHOCTh 3TOro lI3MepeHHH Jiyqrne 

2%. BeJinqnHa b.m. COOTBeTCTByeT O)KII)],aHHHM CTaH)].apTHOfi MO)],eJin[c] II HaxO)],IIT

CH B rrpe)].eJiax rrpe)].CKa3aHHhIX rpaHmi;. lfaMepeHne b.m, II03BOJIIIJIO orrpe)].eJIIITh 

l½d/½.I c HaHBhicrnefi ToqHoCThIO n MO)KeT 6hITh ncrroJih30BaHo )].JIH yToqHeHnH 

rrapaMeTpOB YHIITapHOCTH KKM MaTpHIJ;hI n )].JIH TeopeTnqecKnx crreKyJIHu;nil:, BO

BJieKa10m;nx HOBYIO q>II3HKY-

,Il,aJiee B TpeTbeil: rJiaBe paCCMOTpeHbl ,!l,pyrne Ba)KHhle pe3yJibTaTbI, IIOJiyqeHHhie 

c rroMOID;hIO SVT Tpnrrepa[m], B qacTHOCTH, BrrepBhie Ha6JIIO)].eH B~ -. </xi> pacrra)]., 

BrrepBhie H3MepeHa BepoHTHOCTh pacrra)].a Ab -. At1r-

Br(Ab ..... At1r-) = 2.2 ± 0.4(stat) ± 0.3(syst) 
Br(B0 -. D 1r+) 

(9) 

YJiyqrneHhI cpe)].HeMnpoBhle(PDG) )].aHHhie rro H3MepeHHIO Mace Bs, Ab (pncy

HOK 11) II pa3HIIIJ;hI Mace D; - D+: m(D;) - m(D±) = 99.41 ± 0.38(stat) ± 
0.2l(syst)MeV/c2

• 

'laCTHQa 

B+ 
Bo 
Bo 

8 

Ab 

H3MepeHHH CDF II (MeV /c2
) 

5279.32 ± 0.68(stat) ± 0.94(syst) 

5280.30 ± 0.92(stat) ± 0.96(syst) 

5365.50 ± l.29(stat) ± 0.94(syst) 
5620.4± 1.B(stat) ± 1.2(syst) 

PDG 2002Macca (MeV/c2
) 

5279.0± 0.5 

5279.4± 0.5 

5369.6 ± 2.4 

5624± 9 

PIIc. 11: lI3MepeHIIH Mace b- a,n;poHOB Ha CDFII 

[ml M.Bishai, for the CDF II collaboration, "Beauty and charm physics at CDF Run II "Eur Phys 

J C 34, sOl, s347-s357 (2004) 
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qeTnepTruI rJiana IIOCB.HID;eHa II3Mepemno MaCCbl TOII-KBapKa B ,n:IIJieIITOHHOll 

Mo,n:e pacrra,n:a Ha ycTaHOBKe CDF. 

Ha T9BATPOHE BO 2-M ceaHce rrpII 3HepruII vs= 1.96 T3B pp-CTOJIKHOBeHIIti 

TOII-KBapKII pmK,n:aJOTC.H rrapaMII tl, rJiaBHhIM o6pa30M, qepe3 qq aHHIIrIIJI.HIJ;IIIO 

('.:::' 85%) II rJIJOOH-rJIJOOHHOe CJIII.HHIIe. lfa-3a 60JibIIIOll IIIIIpIIHhl pacrra,n:a II COOT

BeTCTBeHHO KOpOTKOro BpeMeHII )KII3HII ('.:::' 4 X 10-25 s), TOII-KBapK pacrra,n:aeTC.H 

rrepe,n: a,n:pOHJI3au;IIeti; TaKIIM o6pa30M, 11 CB06o,n:Hhlll KBapK 11 MO)KeT 6bITb II3y'leH 6e3 

ycJIO)KHeHII.H OT HII3K03HepreTII'IHhIX 3q>q>eKTOB KX,IJ,. 

IIo CTaH,n:apTHOll Mo,n:eJIII TOII-KBapK pacrra,n:aeTC.H B OCHOBHOM Ha W-6030H II b

KBapK; b-KBapK a,n:pOHII3yeTC.H B CTPYJO qacTIIIJ;, a w pacrra,n:aeTC.H JIII6o Ha qq, JIII6o 

Ha JierrTOH-HetiTpIIHHYJO rrapy. TaKIIM o6pa30M, pacrra,n: W-6o30HOB orrpe,n:eJI.11eT xa

paKTepIICTIIKII tt-co6hITII.H II CTpaTerIIJO OT6opa co6hITIIll. 

,1],IIJierrTOHHa.H Mo,n:a pacrra,n:a orrpe,n:eJI.HeTC.H cJiyqaeM, Kor,n:a o6a W pacrra,n:aJOTC.H 

ua JieIITOHhI : tt---, IiC-IiebC'+z{ XoT.H 3Ta "dilepton" Mo,n:a cocTaBJI.HeT Bcero '.:::' 5% OT 

tl co6bITIIll (He C'IIITa.H pacrra,n:hr Ha Tay-JieIITOHbI), II3MepeHII.H MaCCbl TOII-KBapKa 

B 3TOll Mo,n:e O'leHh Ba)KHbI: OHII II03BOJI.HJOT yMeHhIIIIITb o6m;yJO Heorrpe,n:eJieHHOCTb 

MaCChl TOII-KBapKa. KpoMe Toro, He3aBIICIIMbie ,n:IIJieIITOHHble II3MepeHII.H CJiy)KaT 

,n:JI.H rrpoBepKU COOTBeTCTBU.H Mace TOII-KBapKa, II3MepeHHhIX B ,n:pyrIIx MO,n:ax, T.K. 

,n:IIJieIITOHIIa.H MO,n:a co,n:ep)KIIT ,n:pyrIIe UCTO'IHUKII q>OHOBbIX co6bITIIll II rrpe,n:cTaBJI.H

eT ,n:pyroti ua6op co6hITIIti. 

Pe3yJihTaTbI, IIOJiy'leHHbie II anaJIII3IIpyeMbie B ,n:IIccepTau;IIII, OCHOBaHbI Ha ,n:aH

HhIX c ycTanoBKII CDF, naKorrJieHHhrx BO BTOpOM ceaHce T3BaTpoHa (MapT 2002 -

aBrycT 2004). 

CIIrHaTypa tt-pacna,n:oB B ,n:IIJieITTOHHOM KaHaJie onpe,n:eJI.HeTC.H ,n:ByM.H CTPY.HMII OT 

b-KBapKOB, ,n:ByM.H JieITTOHaMII C 60JibIIIIIMII nonepe'IHhIMII IIMITYJihCaMII II 60JihIIIOll 

ue,n:ocTaJOm;eti 3HeprIIeti (II3-3a 2-x HetiTpIIHo) OT pacna,n:oB W, a TaK)Ke B03MO)K

HhIMII ,n:onOJIHIITeJihHbIMII KBapK-rJIJOOHHhIMII CTPY.HMII B Ha'laJibHOM lI KOHe'IHOM 

COCTO.HHIIII. OcHOBHOll q>OH ,n:JI.H ,n:IIJieITTOHHhIX tt-co6bITIIll npoucxo,n:IIT OT npou;ec

COB ,1],peJIJI-5lHa (qq---, Z/1* ___, e+e-, µ+ µ-, T+T-); W(---,£v)+jets- TaK Ha3hrnaeMhIX 

fakes co6bITIIll, r,n:e CTpy.11 IIMHTHpyeT HaJIII'IIIe BTOporo JieITTOHa; a TaK)Ke OT po)K

,n:eHU.H ,n:Byx 6o30HOB (WW, WZ, ZZ). 
,l],aHHhie Ha6paHhl C ITOMOID;b!O IIHKJIJ03IIBHbIX JieITTOHHhIX TpIIrrepoB Ha 3JieK

TpOH, rrorraBIIIUll B u;eHTpaJibHhill KaJIOpIIMeTp, C rrorrepe'IHOll 3HeprIIeti Er = 
Esin0 > 18 GeV, II Ha MJOOH B o6JiaCTH 1111 < 1.1 c rrorrepe'!HhIM nMnyJihCOM 

PT = psin 0 > l8GeV/c. ,1],JI.H 3JieKTpOHOB B "end plug"KaJIOpIIMeTpe Tpe6yeTc.H 

Er > 20 GeV. Co6hrTII.H ,n:oJI)KHhI o6Jia,n:aTh TaK)Ke ue,n:ocTaJOm;eti rrorrepequoti 3Hep

rueti JlJr > 15 GeV, onpe,n:eJieHHOti II3 BeKTopuofi cyMMhI - L; E}T¾, r,n:e 7¾ - e,n:II

HII'IHhrti BeKTOp B a3IIMYTaJihHOfi IIJIOCKOCTII, KOTOpbill uarrpaBJieH OT OCII ny'!Ka K 

i th 6arnHe KaJIOpIIMeTpa. B co6hITHII Tpe6yJOTC.H no KpafiHefi Mepe ,n:Be CTpyII, KO-
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Ta6Jmu;a II: CBeTIIMOCTb, 0:lKII,D;aeMble 'IIICJia CIIrHaJihHh!X II q>OHOBh!X co6b!TIIll: ( C IlOJIHh!MII 

ueonpe,n;eJieHHOCTRMII) II ua6JIJO,n;aeMoe 'IIICJIO co6h1Tuii:. CeqenIIe po:lK,n;eHIIR tt rrpe,n;rroJia

raeTrn paBHhIM 6.1 pb. 

CBeTIIMOCTh 340pb-1 

0:lKu,n;aeMoe 'IHCJIO tt 15.7 ± 1.3 

,L(peJIJI-51H 5.5 ± 1.2 

W( -+ev) + jets JIO:lKHhie 3.5 ± 1.4 

,l];II6030Hhl 1.6 ± 0.3 

CyMMapub1ll: q>OH 10.5 ± 1.9 

CyMMapuoe O:lKII,n;aeMoe 26.2 ± 2.3 

Ha6mo,n;aeMoe ua ,n;aHHbIX 33 

TOpbre orrpe,n:eJI.HJOTC.H IIO KJiaCTepaM 3HeprOBhr,n:eJieHII.H B KaJIOpIIMeTpe C pa3MepOM 

KOHyca J 11172 
+ 11¢i2 = 0.4 

B Ta6JIIIIJ;e II rrpIIBe,n:eHbl CBeTHMOCTh II O)KII,n:aeMhie 'IHCJia CIIrHaJihHhIX II cpo

HOBbIX co6bITIIll, a TaK)Ke 'IIICJIO OT06paHHhIX 3KCrrepIIMeHTaJihHbIX co6bITIIll. AK

cerrTaHC CHrHaJibHhIX tl co6bITHfi Bhl'IIICJI.HJIC.H c IIOMOID;b!O nporpaMM ITOJIHOro MO

,n:eJIHpOBaHII.H ,n:eTeKTopa CDF II PYTHIA B rrpe,n:noJIO)KeHIIII ce'!eHII.H po)K,n:enII.H 

rrapbr TOII-KBapKOB 6.1 pb, 'ITO cooTBeTCTByeT Macce TOIT-KBapKa 178 GeV/c2["]. 

qIICJia cponoBhIX co6hITIIfi ,n:JI.H KaTeroputi ,1],peJIJI-5IH, W(---, Cv) + jets fakes II ,n:II-

6030HoB ou;eHeHhI Ha ,n:anHhIX II c noMOID;hJO nporpaMM Mo,n:eJIIIpOBaHII.H: PYTHIA, 

ALPGEN+HERWIG. IIoJIHhre ueorrpe,n:eJieHHOCTH ,n:JI.11 O)KII,n:aeMoro Bhrxo,n:a co6hr

TIIti BKJIJO'laJOT KaK CTaTIICTII'leCKIIe Heonpe,n:eJieHHOCTII Ha6opOB MoHTe-KapJio, TaK 

II CUCTeMaTII'leCKIIe OIIIII6KII OT n,n:eHTIIq>IIKaIJ;IIII qacTHU:, II3MepeHII.H 3HeprIIti CTpyti 

II MO,n:eJIIIpOBaHII.H CIIrHaJibHbIX tl II q>OHOBbIX co6bITIIfi. 

Ha 3KCnepnMeHTaJihHbIX ,n:aHHhIX, OT06paHHbIX C ITOMOID;h!O HHKJIJ03IIBHOro Jierr

TOHHOrO TpIIrrepa, Hati,n:eHO 33 KaH,n:II,n:aTa B tl co6bITII.H. 

,1],JI.H KIIHeMaTII'leCKOfi peKOHCTPYKIJ;IIII MaCChl TOII-KBapKa B ,n:IIJieIITOHHOM co6hr

TIIII ue XBaTaeT ypaBHeHIIfi CB.H3II. TaK, ,n:JI.H lepton+jets MO,n:hI pacrra,n:a ,n:Be KOMIIO

HeHThl He,n:ocTaJOm;efi 3HeprIIII h , rrpe,n:rroJIO)KeHIIe o paBeHCTBe Mace t II t KBapKOB 

II IIOCTpoeHIIe IIHBapIIaHTHOfi MaCChl Cv ,n:Jrn W, II03BOJI.HJOT HCIIOJih30BaTb KIIHeMa

TII'leCKIIfi q>IIT co6hITII.H HeCMOTp.H Ha HaJIII'IIIe o,n:Horo HefiTpIIHO. ,1],JI.H ,n:IIJieIITOHHOfi 

MO,n:hI pacrra,n:a IIMeeM ,n:Ba HetiTpHHO, 'ITO ,n:eJiaeT HeB03M0)KHbIM rrp.HMOe HCIIOJih30-

BaHIIe KHHeMaTH'leCKOro q>IITa B ,n:aHHOM THIIe co6hITIIfi. 

TO'!Hee MO)KHO CKa3aTb, 'ITO ,n:JI.H K~Oro tl co6bITH.H KIIHeMaTIIKa IIOJIHOCTblO 

[n] M. Cacciari et al., J. High Energy Phys. 404, 068 (2004). 
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orrpe,n,e;rn:eTC51 24 BeJIIPUIHaMn: 4-nMnyJibCaMn 6-Tll l.JaCTllII; B KOHe'IHOM COCT051Hllll. 

,lLBeHa,n,u;aTb 3-UMIIYJihCOB ,!l;Jl51 ,n,Byx b-KBapKOB ll 2 JieIITOHOB ll3Mep51!0TC51 ,n,eTeK

TOpOM BMeCTe C ,!l;BYM51 KOMIIOHeHTaMn Jl)r. BeJill'lllHbI Mace ,!J;Jl51 b-KBapKOB ll 2 

JieIITOHOB ll3BeCTHbI, a ,n,Ba HefiTpUHO npe,n,rroJiaraIOTC51 6e3MaCCOBbIMll. ,lLeJia51 TPII 

,n,onoJIHIITeJibHhrx rrpe,n,noJio:a<:eHU51 o pacna,n;ax tf n W 6o30Ha noJiy'laeM: 

m(be+v) = m(be-v) 

m(e+v) = m(w+) 

m(e-v) = m(w-) 

(10) 

(11) 

(12) 

B pe3yJihTaTe llMeeM TOJibKO 23 ll3BeCTHbIX II npe,n,noJiaraeMhIX KOMnoueuT CllCTeMhI. 

CJie,n,oBaTeJibHO, Macca TOn-KBapKa He MQ)KeT 6hITb np51MO peKOHCTpyIIpOBaua II3 tf 
,!l;IIJienTOHHOrO pacna,n,a: Tpe6yIOTC51 ,n,onOJIHIITeJibHbie KUHeMaTI1'leCKlle npe,n,noJIO

)KeHH51 ,!l;Jl51 BOCCTaHOBJieHil51 MaCCbI TOn-KBapKa. 

IIpaKTil'leCKll ,!J;Jl51 Ka)K,n,oro co6hITH51 npoBe,n,eHO IIHTerpI1pOBanne no neII3Me

p51eMbIM KIIHeMaTnl.JeCKHM nepeMeHHbIM ,!J;Jl51 noJiy'leHII51 pacnpe,n,enenIIfi, ,n,a10ru;nx 

OTHOCIITeJibHYIO Bep051THOCTb pa3JIIl'IHbIX 3Hal.JeHIIll Mace TOn-KBapKa. Mo,n,eJIIlpO

Batme pacna,n,oB tf n onTIIMil3au;I15I MeTo,n,a na 6oJihIIIIIx na6opax pa3JIH'IHhrx Mace 

Ton-KBapKOB BhIIIOJineubr c noMOru;hIO HERWIG reHepaTopa c CTEQ5L[0
] q:>yHKII;H-

51MII pacnpe,n,eJieHil51 napTOHOB. 

Pa3BIITblll B ,!l;IICCepTau;IIH MeTO,!l; peKOHCTPYKII;HII MaCCbI TOn-KBapKa Ha3BaH 

"Neutrino cf> Weighting Method (PHI)" [5] II npn3Hau coTpy,n,Hn'leCTBOM CDF. C 

nOMOru;bIO ,n,onOJIHHTeJibHbIX npe,n,noJIO)KeUilll 06 a3IIMYTaJibHbIX yrnax cf> HefiTpIIHO 

peKOHCTpyIIpOBaHbI ,!l;HJienTOHHbre pacna,n,bI nyTeM MIIHIIMil3au;IIII x2 q:>ynKII;IIOHaJia 

,!l;JI51 BbI6opa o,n,Horo 3Ha'leHil51 MaCCbI TOn-KBapKa B co6bITIIII. Macca TOn-KBapKa, 

noJiy'leHHa51 B ,n,nccepTau;I1I1, Il3Mepeua na cTaTIICTHKe 340 pb-1. 

MIIHllMil3HpyeM X2 q:>yHKII;llOHaJI: 

x2 = ~ (p~ - ~)2 + ~ (J4-lr)2 {-- (UE; - UEi) 2 

L e2 L -2 +L ; 2 
l=l (JPT j=l crpT i=l (J'UE 

(13) 

+ (meiv1 - mw) 2 + (me2v, - mw)2 + (miitiv1 - mt)2 (mi,e2v, - mt) 2 

~ ~ ~ + r2 w w t t 

3,n,ecb nepBbill 'IJieH o603Hal.JaeT cyMMHpOBanne no nonepe'IHbIM IIMnyJibCaM JienTO-

[
0

] H.L. Lai et al., Eur. Phys. J. C12, 375 (2000). 
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HOB P~, a pa3peIIIeHne ,n,eTeKTOpa ,!l;JI51 3JieKTpOHOB II MIOOHOB 6epeTC51 paBHbIM[•]: 

(J~ = ✓ 0.1352 + 0.022 

Pr Pr (14) 

atr ,, 
pl; = 0.0011 • Pr· (15) 

BTopofi l.JJieH B COOTHOIIIeHIIII (13) OnIICbIBaeT CYMMilpOBaHile no nonepe'IHbIM IIM

nyJibCaM P?, ,!l;BYX JIIl,!J;I1py10ru;I1x CTpyfi. BeJIIl'IIIHa U E (c neonpe,n,eJieHHOCTblO auE) 
B TpeTbeM x2 l.JJiene o6o3Hal.JaeT HeKJiaCTepII30BaHHYIO 3HeprnIO B KaJIOpIIMeTpe, 

npocyMMIIPOBaHHYIO no (i = 1, N) 6aIIIH51M, KOTOpa51 He CB513ana C JienTOHaMII ll 

KJiaCTepaMll OT Jlll,!l;I1py10ru;nx CTpyfi, a BKJI!Ol.JaeT B ce651 ,n,onoJIHIITeJibHhie CTPYII C 

Er > 8 GeV /c2 and 1111 < 2.5. BeJIH'IIIHhI mev II mjev B COOTHOIIIeHIIII 13 o603na

'laIOT peKOHCTPYIIPOBaHHhie IIHBapnanTHhle MaCCbI npO,!J;YKTOB pacna,n,a W-603ona H 

TOn-KBapKa COOTBeTCTBeHHO. ",lLJI51 IIIHpIIH pacna,n,a W-603ona II TOn-KBapKa ncnOJib-

30BaHbl cpe,n,neMilpOBbie 3Hal.JeHil51. IIepeMeHHhre C THJib,!l;Oll o603Ha'la!OT BeJIIl'lllHbI, 

noJiy'leHnhle B pe3yJihTaTe npou;e,n;ypbI MHHIIMH3au;IIII. BeJIII'IIIHa mt - napaMeTp q:>II

Ta, "B03Bparu;eunhlii:" npou;e,n;ypoii: MIIHHMI13au;I1n B Ka'leCTBe peKOHCTpynpoBanuofi 

MaCCbl TOn-KBapKa. 

,lLJI51 naxO)K,!J;eHH51 IIMnyJibCa uefiTpHHO OT pacna,n,OB W-6030HOB ( COOTHOIIIe

~Ile 13) Tpe6yIOTC51 ,n,oqoJIHHTeJibHbie npe,n,nOJIQ)KeH~ Ilpe,n,no;ro:>1m~, 'ITO H3BeCT

Hhl a3IIMYTaJihHbre yrJibI ,D;JI51 06oI1x nelhpI1uo {¢>vi, cf>v2);'Tor,n,a rionepe'IHbie IIMnyJih

ChI nefiTpIIHO CB513aHbI C ue,n,ocTaIOru;efi 3HeprIIefi 1r 

Pi· cos(cf>vi) + p'f.2 · cos(cf>v2) = $x 

Pr1 
• sin(cf>v1) + p!;,2 • sin(cf>v2) = Jl)y 

'ITO ,n,aeT peIIIemrn: 

P~1 = Pr1 · cos( cf>vl) 

p~
1 = Pr1 • sin( cf>v1) 

p~2 = Pr2 · cos( cf>v2) 

p~
2 = Pr2 • sin( cf>v2) 

$x • sin(cf>v2) - Jl)y • cos(cf>v2) • cos(cf>vi) 
= sin(cf>v2 - cf>v1) 

$x · sin(cf>v2) - Jl)y · cos(cf>v2) • sin(cf>v1) 
= sin(cf>v2 - cf>v1) 

$x • sin(cf>v1) - Jl)y • cos(cf>vi) • cos(¢v2) 
= sin(¢v1 - cf>v2) 

$x • sin(cf>v1) - Jl)y · cos(cf>vi) . sin(<f>v2)-
= sin(¢v1 - <f>v2) 

(16) 

(17) 

IIpoBe,n,eHI1e npou;e,n;ypbl MIIHHMH3au;III1(13) ,ll,Jl51 Bcex B03MO)KHbIX BeJill'IHH <I> uefi

TPIIHO C03,n,aeT na6op peIUeHilll ,ll,JI51 nJIOCKOCTII (<l>v1,<l>v2)-
B pe3yJibTaTe onTI1MI13aII;IIH no BeJIIl'lllHe ¢-cerMenTaII;IIH BbI6pana MaTpilu;a H3 

12 X 12 TO'leK B nJIOCKOCTII (c/>vt, <f>v2) TaKIIM o6pa30M, 'IT06hI H36e)KaTb TO'leK 
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sin( <Pvl - <Pv2) = 0, IIPII K0T0phIX CUCTeMa ypaBHeHIIH 17 CTaH0BIITCH Heonpe,n;e

JieHHOH. ,Ll;JIH Ka)K,ll;0H TQqKII cyrn;ecTByeT 8 perneHIIii II3-3a 2-Hoii Heonpe,n;eneHH0-

CTII B np0,ll;0JihHhIX K0MII0HeHTax IIMIIJJihCa Ka)K,n;0ro HeiiTpIIHO II ,n;ayx B03MQ)KHhIX 

KOM6IIHan;IIii JieIIT0H-CTpyH. Cne,n;oaaTMhHO, 12 x 12 x 8 = 1152 MIIHIIMII3an;IIII co-

0TH0IIIeHIIH (13) BhIII0JIHHJIIICh ,ll;JIH Ka)K,ll;0ro co6hITIIH, pe3JJihTaTaMU Ka)K,ll;OH II3 

K0T0phIX HBJIHJIUCh B0CCTaH0BJieHHaH Macca T0II-KBapKa mrec: II x2 • ,Ll;JIH Ka)K,ll;0H 

T0qKII BhI6IIpaJIOCh perneHIIe C MIIHIIMaJihHhIM x2 cpe,n;II 8 II0JiyqeHHhIX. B pe3JJih

TaTe Ha Ka)K,ll;oe co6hrTIIe nonyqeH MaCCIIB II3 144 nap xti II mif aenIIqIIH, r,n;e 

(i = 1, 12; j = 1, 12) o603HaqaIQT ( <Pvl, <Pv2) TQqKII IIJI0CK0CTII. Ka)K,n;Oe perneHIIe 

B3BeIIIIIBaeTCH no BeJIIIqIIHe x2 cornacHo: 

W;j = '°'12 - '°'12 ( 2 / ) 
L..,i=l L..,j=l exp -xii 2 

exp(-xtj/2) 
(18) 

,ll;JIH II0CTpoeHIIH IIJI0TH0CTII pacnpe,n;eJieHIIH Bep0HTH0CTII, HOPMIIpoBaHHOii Ha e,n;II

HIIn;y. 

BhIIIOJIHeH pH,n; TeCT0B MeT0,ll;0M MoHTe-Kapno ,ll;JIH npoaepKII pa60TOCIIOC06HOCTII 

pa3BIIT0ro MeTo,n;a. ,Ll;JIH 3T0ro IICII0Jih30BaJIIICh Ha6opbI creHepIIpoaaHHhIX co6hITIIH 

C T0II-KBapKaMII pa3JIIIqH0H MaCChI. 

,LI;anee B03HIIKaeT B0IIp0C 06 "II3BJieqeHIIII11 O,ll;H0H ~aCChI T0II-KBapKa Ha co6bITIIe 

IIJIII pa6oTa c II0JIHhIM pacnpe,n;eJieHIIeM q>yHKD;IIU IIJI0TH0CTII Bep0HTH0CTII (q>.II.B.). 

9TOT B0IIpoc II3yqeH Ha Mo,n;enIIp0BaHIIII. OIITIIMII3an;IIH II0Ka3aJia - HaIIJiyqIIIIIM 

BhI6opoM HBJIHeTCH ycpe,n;HeHIIe MaCCIIBa mi;'° c BeCaMII ( 18) II0CJie rrpIIMeHeHIIH 

rropora B 30% OT HaII6onee BepoHTH0r0 3HaqeHIIH q>yHKD;IIII IIJI0TH0CTII Bep0HTH0CTII. 

Ha PIICJHKe 12 II0Ka3aHo pacrrpe,n;eneHIIe IIJI0TH0CTII Bep0HTH0CTII ,ll;JIH 0,ll;H0ro 

HERWIG MoHTe-Kano tf co6brTIIH c mi= 170 GeV /c2. 

TexHIIKa II3MepeHIIH MaCChI T0II-KBapKa B 0T,n;eJibH0M co6bITIIII, 0IIIICaHHaH Bhl

rne, npIIB0,ll;IIT K co3,n;aHIIIO pacnpe,n;eneHIIH Mace T0II-KBapK0B Ha ,n;aHHhIX CDFII. 

O,n;HaKo, YII0MHHJT0e pacrrpe,n;eneHue HBJIHeTCH cMeChIO CIIrHaJihHhIX tf II q>OHOBhIX 

co6hITIIH. ,Ll;JIH 0KQHqaTMhH0ro orrpe,n;eJieHIIH MaCChI T0II-KBapKa 3T0 pacrrpe,n;eJieHIIe 

cpaBHIIBaJI0Ch c q>.rr.B. MaCChI T0II-KBapKa ,ll;JIH CIIrHaJihHhIX II q>OHOBhIX co6hITIIH c 

II0M0IIJ;hIO q>yHKD;IIII HaII60JihIIIero rrpaB,n;ono,n;o6IIH. cI>.n.B. orrpe,n;eneHhI C II0M0IIJ;hIO 

rrapaMeTpII3an;IIII pacnpe,n;eJieHIIii Mace T0II-KBapK0B = (rna6JIOHOB), II0JiyqeHHhIX 

,ll;JIH CIIrHaJihHhIX tf II q>OHOBhIX co6hITIIii II3 MoHTe-Kapno. 

,Ll;JIH BhI,ll;eJieHIIH CIIrHana IICII0Jlh30BaJIIICh tf ,ll;IIJieIIT0HHhie co6bITIIH, creHepIIpo

BaHHhie c rroM0IIJ;hIO HERWIG ,ll;JIH Mace Torr-KBapKa OT 130 ,n;o 230 Ge V / c2 c rnaroM 5 

Ge V / c2. CTpyKTYPHhre q>JHKn;IIII CTEQ5L[0
) npIIMeHeHhI ,ll;JIH Mo,n;enIIpoBaHIIH IIM

rrynhcuoro pacrrpe,n;eJieHIIH rrapT0H0B B HaqaJihH0M C0CT0HHIIII. CIIrHaJihHble pacrrpe

,n;eneHIIH (rna6JIOHbI), II0JiyqeHHhle II3 TaKoro Mo,n;enIIp0BaHIIH, napaMeTpII30BaHhI 

CJMM0H q>yHKD;IIii raycca II raMMa. 9Ta rrapaMeTpII3an;IIH ,n;aeT CIIrHaJihHJIO q>.rr.B., 
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D event weight 

-- 30%DL 
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100 350 

Puc. 12: Pacrrpe,n;e.rreHue JIJIOTH0CTn: aepoHTH0CTH ,ll;JIH HERWIG MoHTe-KaJio tf co6hITllH 

c mi = 170 Ge V / c?. Pe3JJihTHpyrorn;aa Macca T0II-KBapKa rrony'leHa ycpe,n;HeHueM pac

rrpe,n;e.rremrn rroCJie rrpuMeHeHHH_ 30% rropora OT Hau6onee aepoHTH0ro 3Ha'leHHH <PYHKI.\Hll 

IIJI0TH0CTll BepOHTH0CTll. 

Ps(m; mi), rrpe,n;cTaBJIHIOIIJ;YIO Bep0HTH0CTh peK0HCTPYKD;IIII MaCChI T0II-KBapKa m B 

CJiyqae, Kor,n;a 11 IICTirnHaH 11 Macca 6y,n;eT mi: 

a1+a1 

Ps(m;mi) = asr(/+ai)(m-ao)
01

exp(-a2(m-ao)) (19) 

1 ( (m-a3)
2

) 
+ (1- a 5) tn=exp 2 • 

a 4y27r 2a4 

llleCTh rrapaMeTp0B a; B C00TH0IIIeHIIII 19 rrpe,n;rronaraIOTCH JIIIHeiiHO 3aBIICIIMhIMII 

OT creHepIIpOBaHHOii MaCChI T0II-KBapKa, TaK qTQ q>aKTIIqeCKII BhIII0JIHHeTCH 12-

rrapaMeTpIIqeCKIIH q>IIT ,ll;JIH Pi ,ll;JIH Bcex rna6JIOHOB 0,ll;H0BpeMeHH0 c: 

a;= p; + (mi -175GeV /c2)Pi+G· (20) 

Ha pIICJHKe 13 II0Ka3aHhI CIIrHaJihHhie rna6JIOHhI C C00TBeTCTBJIOIIJ;IIMII rrapaMeTpII-

3IIpoBaHHhIMII q>YHKD;IIHMII q>IITa (19). 

,Ll;JIH q>OHOBhIX co6bITIIH C03,n;aH 0,ll;IIH IITOrOBhiii rna6nou, KOT0phIH BKJIIOqaeT B 

ce6H BKJI3,11;hI OT Ka)K,n;0r0 llCTQqHIIKa q>oua corJiaCH0 ux Q)KII,D;aeM0MY BhIX0,n;J, 0Tpa

)KeHH0MY B Ta6nIIn;e II. IIIa6JIOHhI ,ll;JIH pa3JIIIqHhIX q>OHOBhIX npou;ecc0B peK0HCTpy

n:poBaHhI II3 CM0,ll;MIIp0BaHHhIX rrpou;eccoB: ,Ll;peJIJI-51Ha (PYTHIA), W(-+fv)+jets 

"fakes"(ALPGEN+HERWIG), II ,n;II6o30HOB (PYTHIA II ALPGEN+HERWIG). 

cI>ouOBhie q>.II.B. Pb(m) II0JiyqaeM c II0M0IIJ;hIO q>IITIIpOBaHIIH o6'he,D;IIHeHHOrO q>O

H0B0ro rna6JIOHa q>ynKn;IIeii, aHaJIOrIIqHoii TOJ:i, qTQ IICII0Jib30BaHa ,ll;JIH CIIrHaJihHhIX 

rna6JIOHOB (19), o,n;uaKO Terreph rrapaMeTphI q>IITa He 3aBIICHT OT 
11

IICTIIHHOii
11

MaCChI 

T0II-KBapKa mi. 
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Pnc. 13: IlpnMepbI cnrml.JibHbIX ma6JIOHOB B 3aBHCHM0CTH OT MaCCbI T0II·KBapKa ,n;m1 3Ha

'!eHIIB 140,170,200 and 230 GeV/r?. IloKa3aHa rrapaMeTpH3au;n.sr q>yHKu;n.srMn (19). Bep

THKaJihHhre JIHHHH C00TBeTCTBYIOT reHepnpoBaHH0H Macce T0II·KBapKa . 

IlocJie,n;Huii mar n ,n;mrerrT0HH0M rna6JIOHHOM aHa.1m3e - orrpe,n;eJieHue MaCChI TOII· 

KnapKa Ha Ha6ope ,n;aHHhIX rryTeM arrrrpOKCHMau;uu cpyHKu;11eii Hau6oJihrnero rrpan

,n;orro,n;o6u.sr. C IIOMOID;bIO rrpou;e,n;yphl Ha1160Jihmero rrpan,n;orro,n;o6u.sr Haxo,n;11M nepo

.HTHOCTb TOro, 'ITO ,n;aHHbie OIIHCbIBaIOTC.H CMeCbIO q>OHOBbIX H CHrHa.JibHbIX C06bITHii 

t[ ,n;mi: orrpe,n;eJieHHOro 3Ha'leHH.H MaCCbI TOII-KnapKa. B KaqeCTBe BXO,!J;HbIX neJIH'IHH 

HCIIOJib3JeM 3Ha'leHH.H MaCCbI TOII·KBapKa, BOCCTaHOBJieHHbie B Ka:)K,!J;OM co6bITIIII na 

,n;anHbIX II rrapaMeTplI30Bannhle cp.II.B. ,n;mi: CHrHa.JibHbIX II q>OHOBbIX co6bITIIii, IIO

Jiyqennhre II3 MO,n;Mnponanm1 • 

O6ru;a.H cpynKD;II.H npan,n;ono,n;o61I.H BbirJI.H,!J;IIT: 

r,n;e 

II 

.C(mt) = .Cshape(mt) X .Cnb 

e-(n,+nb)(n + )N N ( .Cshape(mt) = 8 nb IT nsPs m;; mt) + nbA(m;) 
NI 

· i=l ns + nb 

- ln.C - (nb - nexp)2 nb - b 
2a2 nb 

30 

(21) 

(22) 

(23) 

<l>yHKI.J;Irn: na1I60Jibrnero npan,n;ono,n;o61I.H "no3nparu;aeT" 3uaqen1Ie Macchl Ton-KnapKa 

(mt), KOJIII'leCTBa CIIrHa.JibHbIX (n.) II cpOHOBbIX (nb) co6bITIIi1. Orrpe,n;eJI.HeTC.H nepo

HTHOCTb, 'ITO Ka)K,!l;oe co6bITHe ( i) .HBJI.HeTC.H CIIrHa.JibHbIM co6bITIIeM II 'ITO OHO .HB

JIHeTCH cpOHOBhlM co6bITHeM. CIIrHa.JibHbie II q>OHOBbie BepO.HTHOCTH nplICBalIBaIOTCH 

rrpu cpaBHeHIIH II3MepeHHOit B O,!J;HOM co6bITIIH MaCChl TOII-KnapKa m; C napaMeTpH-

30BaHHbIMH cp.II.B. ,n;JI.H CIIrHa.JibHbIX P. II q>OHOBbIX Pb co6bITHit. Haxo,n;.HTC.H Bepo

HTHOCTH, 'ITO cpyHKD;II.H Hau60JibIIIero npan,n;ono,n;o61I.H onpe,n;eJIHeT 'IIICJIO q>OHOBbIX 

co6bITIIfi nb, COBMeCTIIMOe c anpuopHott ou;enKofi n~xp, II 'ITO IIOJIHOe 'IHCJIO cur

Ha.JibHbIX (n.) II q>OHOBbIX co6hITIIit COBMeCTIIMO C 'IIICJIOM Ha6JI10,n;aeMbIX co6bITIIi1 

N. "lllICJIO q>OHOBbIX co6bITIIit ,!l;OJI:lKHO OIIHCbIBaTbCH cpynKu;IIeit raycca co cpe,n;HIIM 

3Haqen1IeM n~ (c OIIIII6Kofi, paBHOfi O:lKII,n;aeMoit neorrpe,n;eJieHHOCTII B 'IIICJie q>OHO

BbIX co6bITIIi1 O'nb), a CJMMa n. II nb IIO,!l;'IHHHTbC.H pacnpe,n;eJieHIIIO Ilyaccona. Ta

KHM o6pa30M, 'IHCJIO CIIrHa.JibHbIX co6hITIIi1, ou;eneHHOe cpynKu;1Ieit npan,n;ono,n;o6nH, 

ne 3aBHCIIT OT O:lKH,n;aeMoro 'IHCJia CHrHa.JibHbIX co6bITIIfi, OCHOBaHHOrO Ha npe,n;rro

JiaraeMOM ceqen1I1I tt. I-IToronoe 3uaqen1Ie Macchr TOII-KBapKa (mt) noJiyqaeM II3 

MHHIIMJMa cpyHKD;IIH - ln(.C). 
CTaTHCTII'leCKaH neonpe,n;eJieHHOCTb ,!J;JI.H mt onpe,n;eJI.HeTCH II3 pa3HIID;bI Me:lK,n;y 

Maccoii n MIIHHMyMe cpyHKD;HII npan,n;orro,n;o61I.H u Maccofi nplI - ln(.C/ .Cmax) + 0.5. 

B ana.JIII3e HCIIOJib30BaHo 60JibIIIOe 'IIICJIO CMO,n;eJIIIPOBaHHbIX aHCaM6Jiefi ,n;aHHbIX 

HJIH ncen,n;03KCnep1IMeHTOB, ,n;JI.H nponepKII Toro, 'ITO MeTO,!J; II3MepeHH.H MaCCbI TOII

KBapKa, orrucannhifi BbIIIIe, B03Bparu;aeT 0:lKII,n;aeMoe 3Ha'leHHe MaCCbI TOII·KBapKa. 

Ilepe,n; TeM, KaK np1IMeH1ITb pa3BIIThifi MeTo,n; Ha ,n;aHHbIX CDFII, noKa3aHa pa6o

TOcrroco6nocTb MeTo,n;a na CMO,!l;eJIHpOBaHHbIX na6opa:x co6bITHit C HelI3BeCTHbIMH 

3HaqenlI.HMH Mace TOII-KBapKOB, 

Ta6nnu;a III: PeayJibTaThI BOCCTaH0BJieHH.H MaCCbI T0II·KBapKa. YKa3aHbI: II0JIH0e 'IHCJI0 Ha-

6JIIO,n;aeMb!X co6b!THll:, 'IHCJI0 co6hITHll:, )];JI.SI K0T0pb!X Ha:il:,n;eHbl MacCb! T0II·KBapK0B, 0:lKH· 

,n;aeMoe 'IHCJI0 q>OHOBbIX co6bITHll:, pe3yJihTaThI q>HTa q>YHKu;neii HaH60JihIIIero rrpaB,n;orro

,n;o6u.sr rrpn q>HKCHpOBaHHOM H CB06o,n;HOM K0JIH'leCTBe q>OHOBbIX co6b!TH:il:. 

MeTo,n; I ,n;aHH&Ie I q>OH qmKcnpoBaH 

NtQt Nsol n~xp ns nb mt (GeV /c2) 

PHI I 33 33 10.5 ± 1.9 I 24.4 ± 5.9 10.0 ± 1.9 169. 7:~Jg 

q>OH He <pHKCHpOBaH 

mt (GeV/c2
) 

169.2 ± 6.4 

MeTo,n; nplIMeHeH K 33 OT06paHHbIM ,!J;IIJieIITOHHbIM co6bITIIHM, COOTBeTCTBJIOID;IIM 

340 pb-1• B pa6oTe IICIIOJib30BaHhl anroplITM peKOHCTPYKD;IIII co6bITIIfi II npou;e,n;y

pa nau6onbrnero rrpan,n;ono,n;o61IH, onucannhle n npe,n;bI,D;yID;TX pa3,n;eJia:x. IlplI 3TOM 

IIPIIMeHHJIOCb O:lKII,n;aeMoe 'IIICJIO q>OHOBbIX co6bITIIi1, YKa3annoe n Ta6JIIID;e II. KaK 

YKa3ano B Ta6Jiuu;e III, q>IIT cpynKn;1Ieit na1I60Jihrnero npan,n;ono,n;o61I.H aepnyJI 'IHCJIO 
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<pOHOBbIX C06bITIIil:, COBMeCTIIMOe C Q)Kll,n;aeMbIM 3Ha'leHIIeM. TaK )Ke ITOJIHOe 'IIIC

JIO co6hrTIIii:, onpe,n;eJieHHoe <pyHKIJ;IIeii: Han6oJihrrrero npaB,n;ono,n;o6mr corJiacyeTcH c 

Ha6mo,n;aeMhIM. 

BepxHIIii: rpa<pIIK Ha pIICYHKe 14 ITOKa3hrnaeT peKOHCTPYIIPOBaHHYIO Macey TOII

KBapKa Ha ,n;aHHbIX, HOpMaJIII30BaHHyIO <pOpMy <pOHa ll CIIrHaJia + <pOHa II II3MeHe

HIIH - In(£/ Lmax) KaK <pyHKIJ;IIIO MaCCbI TOIT-KBapKa. B Ka'leCTBe II3MepeHHOii: MaCCbI 
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PHc. 14: Pe3yJihTaTbI PHI-MeTo,n;a Ha 9KCrrepHMeHTaJihHhIX ,n;aHHhIX. BepxHHi1: rpacpHK: 

peKOHCTpyHpOBaHHaH Macca TOII-KBapKa Ha ,n;aHHhIX (rHCTOrpaMMa) C HOpMaJIIJ.30BaHHhl· 

Mll <pOHOBOH ll CllrHaJihHOi1:+cpoHOBOi1: 3aBIJ.CIJ.MOCTHMIJ. (cp.II.B.) ll cpyHKIJ;Hei1: HaH60JihIIIero 

rrpaB,n;orro,n;o61J.H (BCTaBKa). HmKHllll rpa<pHK: cpaBH€Hlle 9KCrrepHM€HTaJihHhIX CTaTIJ.CTIJ.· 

qeCKIJ.X rrorpeIIIHOCTei1: (BepTllKaJihHhie JIIJ.Hllll) C rrorpeIIIHOCTHMll, orrpe,n;eJieHHhIMIJ. B rrceB

,ll;09KCrrepHM€HTaX ,n;JIH 170 Ge V / <?. 

TOil-KBapKa 6epeM 3Ha'leHIIe mt, COOTBeTCTBYIOIIJ;ee MllHllMYMY <pyHKIJ;IIII rrpaB,n;O

rro,n;o6IIH. CTaTIICTII'leCKIIe Heorrpe,n;eJieHHOCTll ITOJiy'leHhI c IlOMOIIJ;bIO orrpe,n;eJieHIIH 

rrrnpIIHhI rrpII - In(£/ Lmax) + 0.5, n norrpaBKn Ha He,n;oon;eHKY rrorperrrrrocTeii:, rroJiy-
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Ta6Jim~a IV: CHcTeMaTII<IeCKHe oum6KH H3MepeHHH Macchi TOII-KBapKa B Ge V / c2 • If TOro

BaH OIIIIJ.6Ka noJiyqeHa KBa,D;paTIJ.'IHbIM CJIO)K€Hll€M OIIIll60K OT pa3JIIJ.'IHhIX llCTO'IHllKOB. 

HCTO"IHHK CHCTeMaTH"leCKOtt onm6Kn PHI MeTO)]; 

BoccTaHOBJieHne 9Heprllll B KaJIOpllMeTpe 

BoccTaHOBJieHne 9HeprHn b-cTpyfi. 

MC reHepaTOp 

PDF's 

ISR 

FSR 

<l>opMa cpoHa 

IfroroBaH OIIIH6Ka 

3.5 

0.7 

0.7 

0.6 

0.6 

0.4 

1.5 

4.0 

<IeHHYIO c rroMOIIJ;hIO orrrn6oK nyJIOB. B Ta6Jinn;e III npnBe,n;eHbI n3MepeHHM Macca 

TOIT-KBapKa n CTaTllCTll'leCKlle orrrn6Kn, norrpaBJieHHhre Ha KOppeKn;nn ,D;JIH IIIllpllHbI 

IIYJIOB. 

Hn)KHllll rpa<pnK Ha pncyHKe 14 ITOKa3bIBaeT cpaBHeHne ll3MepeHHbIX CTaTllCTll

'leCKllX orrrn6oK c orrrn6KaMn OT rrceB,n;03KcnepnMeHTOB ,n;JIH mt = 170 Ge V / c2 npII 

llCITOJib30BaHnn B Ka)K,ll;OM rrceB,D;03KCnepnMeHTe 'lllCJia co6hITllii:, paBHOMY Ha6JIIO,n;a

eMOMY Ha ,n;aHHbIX. BepOHTHOCTb ITOJiy'leHnH Ha6JIIO,n;aeMOii: CTaTllCTll'leCKOii: orrrn6Kn 

orrpe,n;eJieHa, paBHOii: 19%. ,.U:JIH ,n;aJihHeii:rrreii: npoBepKn CHHTO orpaHn<IeHne Ha <Inc

JIO <pOHOBbIX co6bITllil B <pyHKIJ;llll Han6oJibIIIero npaB,n;ono,n;o6nH ( T.e. 'IJieH Lnb 

B COOTHOIIIeHllII 21). B pe3yJibTaTe TaKOii: <pllT ITOKa3aJI 'lllCJIO <pOHOBbIX co6bITllii:, 

6Jill3KOe K HYJIIO, 'ITO ITO,D;TBep)K,ll;aeTCH nceB,D;03KCnepnMeHTaMn ,n;JIH PHI-MeTo,n;a B 

20% cJiy<IaeB ,n;JIH Ha6opa mt = 170 Ge V / c1-. 
KpoMe CTaTllCTll'leCKllX Heonpe,n;eJieHHOCTeii: npn ll3MepeHllll MaCCbI TOIT-KBapKa, 

B03HllKaIOIIJ;llX ll3-3a orpaHn'leHHOro Ha6opa 3KCnepnMeHTaJibHbIX ,n;aHHbIX, cyrn;e

CTByeT HeCKOJibKO llCTO'IHllKOB CllCTeMaTH'leCKllX orrrn6oK: Heorrpe,n;eJieHHOCTll B MO

,n;eJIHpOBaHllll tf ll <pOHOBbIX co6hITllii:, HeTO'IHOe MO,n;eJinpoBaHne OTKJillKa ,n;eTeKT0-
1 

pa Ha JieITTOHbI ll CTpyn ll pa3Jill'IHbie npe,n;noJIO)KeHnH, c,n;eJiaHHbie npn peaJin3a-

Il;Hll MeTO,n;a ll3MepeHllH MaCCbI TOIT-KBapKa. BoJihIIIllHCTBO CllCTeMaTH'leCKllX OIIIll-

6oK on;eHeHO COOTBeTCTBYIOIIJ;HM ll3MeHeHneM BXO,D;HbIX BeJill'lllH B MO,n;eJinpoBaHnn ll 

ITOCTpOeHneM HOBbIX rrra6JIOHOB Mace TOIT-KBapKOB. ,.U:a;ree, BbIITOJIHeHbI rrceB,D;03KCne

pnMeHTbI C llCITOJib30BaHneM 9TllX HOBbIX rrra6JIOHOB Mace ll cpaBHeHbI ITOJiy'leHHbre 

3Ha'leHllH Me,n;naH pacnpe,n;eJieHnH MaCCbI TOIT-KBapKa C Me,n;naHaMn OT IIITaTHbIX 

pacnpe,n;eJieHnii:. l1cTO'IHllKll CllCTeMaTn'leCKllX orrrn6oK npe,n;noJiaraIOTCH HeCKOppe

JinpoBaHHbIMll, TaKllM o6pa30M, ITOJIHM CllCTeMaTn'leCKaH orrrn6Ka onpe,n;eJIHJiaCb 

KaK KBa,n;paTll'IHaH cyMMa OT pa3Jill'IHbIX orrrn6oK, CM. Ta6Jiney IV. 

B pe3yJihTaTe onpe,n;eJieHa Macca TOIT-KBapKa 169.7~~:i (stat.)±4.0 (syst.) GeV /c2
• 
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B 3aKJIIO'leHUH II3JIO)KeHhl OCHOBHbre pe3yJihTaThl ,!l;IICcepTall;IIOHHOll pa60TbI: 

1. l13MepeHa Macca t-KBapKa B ,!l;IIJienTOHHOH MO,!l;e pacna,z:i:a Ha CTaTIICTIIKe 340 

pb-1 c noMoru;hJO PHI-MeTO,z:i:a, pa3BIIToro B pa60Te: Mtop = 169. 7 :~Ji (stat.)± · 

4.0 (syst.) GeV /c2
• ,Il;ocTIIrHYThlH pe3yJihTaT npIIHa,z:i:Jie)KIIT K 'IIICJIY HaII6oJiee 

TO'IHblX He3aBIICIIMbIX ll3MepeHIIH MaCCbl t-KBapKa B ",z:i:IIJienTOHHOM" KaHaJie. 

2. IIpe,z:i:JIO)KeH, onTIIMH3HpOBaH H 3KCnepHMeHTaJibHO npIIMeHeH BnepBbre Ha 

CDFII PHI-MeTo,z:i: H3MepeHmI Macchi t-KBapKa B ,!l;HJienTOHHOH Mo,z:i:e pacna,z:i:a c 

peKOHCTpyKn;HeH co6hITHH npll nOMOru;H CKaHHpOBaHml MaTpHll;bl a3HMYTaJib

HbIX yrJIOB pa3JieTa ,!l;BYX HeHTpllHO. MeTO,!I; ycneurno nporneJI anpo6an;HJO Ha 

"KOHTpOJibHb!X Ha6opax" co6bITllll H o,z:i:o6peH KOJIJia6opau;uefj: ,z:i:m1 MaCCOBOH 

o6pa60TKH 3KCrrepHMeHTaJibHb!X ,z:i:aHHb!X. 

3. SVT ycrrernHo npuMeHeH MH BnepBbie ocyru;ecTBJieHHoro H3MepeHHH rra-
-=0 

paMeTpa CMeIIIHBaHHH B~-B.-Me30I!OB Ha CTaTHCTHKe 1 fb- 1 : l::,.m. 

17.31 :'.11~ (stat.) ± 0.07 (syst.)ps-1. BeJIH'IHHa l::,.m. COOTBeTCTByeT O)KH

,z:i:aHHHM CTaH,z:i:apTHOH MO,!l;eJIH. 

K 'IHCJiy pe3yJihTaTOB, ,z:i:ocTnrHyThIX c noMoru;hJO SVT, TaK)Ke OTHOCHTCH: 

o6Hapy)KeHHe pacrra,z:i:a B~ -+ </></>, nepBoe H3MepeHHe BepOHTHOCTH pacna,z:i:a 

Ab -+ A;t1r-, YJIY'IIIIeHHe cpe,z:i:HeMHpOBhrx(PDG) ,z:i:aHHhIX no H3MepeHHJO Mace 

B 8 , Ab ll pa3Hllll;bl Mace Dt - n+. 

4. IIoJiy'IeHa on;eHKa MaKCHMaJibHOH 'IYBCTBHTeJibHOCTH K ll3MepeHHIO napa
-=O 

MeTpa cMernuBaHHH B~-B
8
-Me3OHOB !::,.(m.) Ha ,z:i:a11HhIX 1-ro ceaHca CDF: 

l::,.m:en•=6.8 ps-1 Ha 95% ypOBHe ,!l;OCTOBepHOCTH. 

5. BnepBbie Ha a,z:i:pOHHOM KOJIJiaH,z:i:epe pa3pa6oTaH H C03,!l;aH, COBMeCTHO C KOJI

JieraMH, anrrapaTHO-nporpaMMHhIH KOMnJieKc SVT -"Tpurrep Ha npun;eJib

HhIH napaMeTp" (Tpe6oBaHHe HaJIH'IHH TpeKa c npnn;eJibHbIM napaMeTpOM 

> 100 MKM). chO OTKpb!JIO paHee OTCYTCTBOBaBIIIHe B03M0)KH0CTII 3<p<peKTHB

HO OT6HpaTh 'IHCTO a,z:i:poHHble pacna,!l;bl 'IaCTHU: c c,b-KBapKaMH 6Jiaro,z:i:apH 

no,z:i:aBJieHHIO <poHa C <paKTOpOM '.::::'1000. IIpHHn;HnHaJibHaH 'IaCTb 3TOrO KOM

nJieKca - C03,!l;aHHaH H onTHMH3HpOBaHHaH 6u6JIHOTeKa o6pa30B TpeKOB ,!l;JIH 

accou;uaTHBHOll rraMHTH BepIIIHHHOro TpHrrepa, o6ecne'IIIBIIIaH rrpHHHTIIe pe

rnemrn TpHrrepOM B Te'IeHHe 3arrJiaHHpoBaHHOrO HHTepBaJia BpeMeHII - 14 µs 

(L2-TpHrrep). 

6. l13y'IeHbl C lIOMOru;hJO nporpaMM MO,!l;eJIHpOBaHHH H 3KCrrepnMeHTaJibHO HC

CJie,!l;OBaHbl xapaKTepHCTHKH HOBoro SVT TpHrrepa (pa3perneHue, 3cpcpeKTHB

HOCTb). IIoKa3aHo, 'ITO pa3perneHHe TpHrrepa (Jd = 35 µm COOTBeTCTByeT rrpo

eKTHOMy. 
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C03,z:i:aHa paHee OTCYTCTBOBaBrnaH Ha CDF 3cpcpeKTHBHaH aBTOMaTu'!ecKaH cu

CTeMa off-line KOHTPOJIH 3a OCHOBHb!MH napaMeTpaMH BepIIIHHHOro Tpnrrepa 

C onpe,z:i:eJieHIIeM lIOJIO)KeHHH o6JiaCTH B3aHMO,!l;eHCTBHH pp rry'IKOB. 
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