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OliID;Afl XAPAKTEPHCTIIKA PAliOThl 

AiqyaJihHOCTh TeMhI HCCJienosaH1u1 

Macca Torr-KBapKa 5IBmieTC51 o,nHHM H3 KmoIIeBbIX rrapaMeTpoB CTaH.napTHOH 

MO,I(eJIH - o6m;errpHH5ITOll B HaCT05III(ee BpeM51 TeOpHH CTpoeHH51 MaTepHH Ha 

ypoBHe 3JieMeHTapHbIX qacrm:i; H cpyH,I(aMeHTaJibHbIX B3aHMO,I(eHCTBHll. 

IIpeIJ;H3HOHHOe H3MepeHHe MaCCbI TOII KBapKa crroco6Ho rrporrHTb CBeT Ha 

Ba:>Irne:H:myIO rrpo6neMy 3TOH Mo,n;errH - HCTOqHHK rrpoHCXO:JK,n;eHH51 Mace 

cpyH.I(aMeHTaJibHbIX qacTHIJ;. B cTaH.napTHOH Mo,n;errH ,I(JI51 o6o5ICHeHH51 

rrpoHCXO:JK,l1;eHH51 MaCCbI Karrtt6posoqHbIX 6030HOB (KOTOpbie ,I1;0JI:JKHbI 6bITb 

6e3MaCCOBbIMH, IIT06bI y,n;oBJieTBOp.SITb Tpe6oBaHHIO JIOKaJibHOll KaJIH6posoqHoli 

HHBapttaHTHOCTH) BBO,I(HTC51 crreIJ;HaJibHOe none Xttrrca, qepe3 B3aHMO,[(eHCTBHe c 

.npyrHMH I10JI5IMH coo6m;a10m;ee Macey KaJIH6poBOIIHbIM 6o30HaM H c]lepMHOHaM. I-fa 

HaJIWIH51 TaKoro IIOJI51 crre.nyeT cym;ecTBOBaHHe MaCCHBHOro CKamcpHoro 6030Ha, 

Ha3hIBaeMoro 11acTHIJ;eli Xttrrca. IIottcK 6o3oHa Xttrrca, rrocrre.nHeli H3 qacTHIJ; 

CTaH.napTHOll MO,I(eJIH, IJbe cym;ecTBOBaHHe ,I(O CHX rrop He ITO.IJ:TBep:JK,I(eHO 

3KCrrepttMeHTaJibHO, 5IBJI5IeTC51 IIpHOpHTeTHOll 3a,I(aIIeli COBpeMeHHOll 

3KcrrepttMeHTaJibHOH cpH3HKH. B paMKax CTaH.napTHoli Mo.nem-1 MaccbI W-6o3oHa, 

TOII KBapKa H qacTHIJ;bI Xttrrca CB513aHbI Me:JK.ny co6o:H qepe3 pa.nttaIJ;HOHHbie 

rrorrpaBKH. TaKHM o6pa30M, rrpeIJ;H3HOHHOe H3MepeHHe MaCCbI TOII KBapKa, Hap51,I(y c 

TOIIHbIM H3MepeHHeM MaCCbI W-6030Ha II03BOJI5IeT orpaHHIIHTb o6rraCTb B03MO:JKHbIX 

3HatieHHH Mace 6o30Ha Xttrrca, IITO 11pe3Bbiqaii:HO Ba:JKHO ,I(JI51 IIOHCKa 3Toro 

rrocrre.nHero 3JieMeHTa CTaH,n;apTHOH Mo.nenH. 0TcyTcTBHe 3KcrrepH:MeHTaJibHoro 

IIO,I(TBep:JK,I(eHH51 cym;ecTBOBaHH51 T.IaCTHIJ;bI c rrapaMeTpaMH, COOTBeTCTBYIOII(HMH 

rrpe,I(CKa3aHH5IM CTaH.napTHOH MO.[(eJIH, MO:JKeT IIOCTaBHTb ITO.I( BOIIpoc ee 

,I(OCTOBepHOCTb H rrpHBeCTH K cepbe3HOMY KpH3HCY B COBpeMeHHOll cpH3HKe, 

Tpe6y10m;eMy rrepecMOTpa Hatt6onee cpyH,n:aMeHTaJibHbIX rrpe.ncrasneHHH o crpoeHHH 

MaTepHH. 

YcKopttTeJibHbIH KOMrrrreKc T3BaTpoH Ha MoMeHT BhIIIOJIHeHH51 pa6oTbI 6brn 

e,n;HHCTBeHHOH ycTaHOBKOH, II03BOJIHBIIlell rrpoBeCTH rrpeIJ;H3HOHHOe H3MepeHHe 

MaCCbl TOII-KBapKa. ,[(ocTmKeHHe BbICOKOH TOIIHOCTH H3MepeHH51 CTaJIO B03MO)l{HbIM 
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B pe3yJI0TaTe rrry6oKOH Mo,n;epHH3a:l~HH KaK ycKOpHTeJibHOro KOMilJieKca TaK H 

ycTaHOBJieHHoro Ha HeM ymrnepcarrbHoro ,n;eTeKTopa CDF, no3BOJIHBmHe nposo,n:HTb 

cpH3HqecKHe HCCJie,n;oBaHmI npH peKOp,D;HbIX 3HaqeHH5IX 3HeprHH npoTOH

aHTHilpOTOHHbIX CTOJIKHOBeHHH ( Fs=l,96T3B ) H CBeTHMOCTH (~4xl032 CM"2c"1). 

UeJih paooThI. 

IJ;eJibIO ,n:aHHOH pa6oTbI 5IBJI5IeTC5I npeU:H3HOHHOe H3MepeHHe MaCCbI TOil 

KBapKa B O,I(HOJieilTOHHOH BbI6opKe co6bITHH napHoro pmK,n:emrn TOil-KBapKOB Ha 

,naHHbIX 3KcnepHMeHTa CDF. 

Hayqua.SI HOBH3Ha. 

B npoBe,ri;eHHOM B ,n:aHHo:H pa6oTe H3MepeHHH MaccbI TOil-KBapKa snepBbie 

HCilOJib30BaHa HHcpopMaU:H.sI OT pa3ITHlJHbIX KOM6HHaTOpHbIX BapHaHTOB npHCBOeHJil5I 

CTpyii B co6bITHH npH BOCCTaHOBJieHHH MaCCbl TOil-KBapKa, o6be.IJ:MHeHHa5I npH 

noMoru:H MeTo,n;a HaHnyq:rneii nn:HeiiHoti HecMeru:eHHoii ou:eHKH (BLUE). B OTJIHqJile 

OT npoBO,I(HBIIIHXC.sI paHee H3MepeHHH, B KOTOpbIX OT6HpaJIHCb TOJibKO pemeHH5I c 

HaHnyqillHM X2 Jil OT6paCbIBaJIMCb ,ri;pyrn:e pemeHH.sI, ,n:aHHa5I MeTO.IJ:HKa Il03BOJI5IeT 

6onee IlOJIHO HCilOJib30BaTb HHcpopMaU:HIO B co6bITHH npH peKOHCTPYKU:HH MaCCbl 

TOil-KBapKOB. Crre;n:yeT TaIOKe OTMeTHTb, qTo Ha MOMeHT npoBe,n:eHH5I pa60Tbl 

IIOJiyqeHHbie H3MepeHH51 6bIJIM e,nHHCTBeHHbIMJil ,D;JI51 ,n:aHHOH CTaTHCTJilKJil. 

Hayquo-npaKTHqecKa.SI 3Ha'IHMOCTh pa6oThl. 

H3MepeHHe MaCCbl TOil KBapKa B O.IJ:HOJieilTOHHOM BbI6opKe Ba)l<:HO He TOJibKO 

caMO ce6e, KaK yToqHeHJile KJIIOqeBoro napaMeTpa CTaH,n:apTHOM MO,n:eJIH, HO B 

cpaBHeHHH c ,ri;pyrHMJil H3MepeHH.5IMH, BbIIlOJIHeHHbIMJil c IIpHMeHeHMeM ,n:pyrnx 

MeTO.IJ:HK, Ha ,n:pyrHX BbI6opKax - .IJ:HJienTOHHOM H a,n:poHHOH, M TaK>Ke Ha ,n:pyrHX 

ycTaHOBKax. B crryqae Kor,n:a pe3yrrbTaTbI pa3JIHqHbIX H3MepeHHM cornacyIOTC5I 

Me)K,n:y co6oii, OHM MoryT 6bITb o6be,I(HHeHhI ,n:rr.sI norryqeHH.sI 6orree ToqHoro o6ru:ero 

H3MepeHH.sI. IIorryqeHHe pa3JIHlJHbIX 3HaqeHHH MO)KeT CBH.I(eTeJibCTBoBaTh o nnoxoii 

npou:e,n:ype Jil3MeHeHH5I, Hea,n:eKBaTHOM MO,I(eJIHpOBaHHJil Jil3yqaeMbIX npou:eccoB JIH6o 

HenpaBHJlbHOM pa6oTe o6opy.n:oBaHJil5I 3KcnepHMeHTaJibHOH ycTaHOBKJil. c ,n:pyroii 

CTOpOHbI, nonyqeHHe pa3JIJilqHbIX pe3yJibTaTOB .IJ:JI5I pa3HbIX KaHaJIOB pacna,n:a MO)KeT 

CBJil,D;eTeJibCTBOBaTb 06 yqacTMJil lJaCTHU: H 5.CBJieHHH, BbIXO.IJ:5Iru:Hx 3a paMKJil 

CTaH,n:apTHOH Mo,n:enH. 

OnHcaHHbIM B pa6oTe MeTO,I( ma6noHOB MO)KeT HaiiTH (n Haxo,n:nT) 

4 



npHMeHeHHe ,D;JUI IIIl:IpOKOro cneKTpa H3MepeHHH KaK B Q.ll:I3HKe 3JieMeHTapHbIX 

qacTl:IIJ., TaK l:I B ,z:i;pyrHX o6rracnIX 3KCnepl:IMeHTaJibHOH Q.lH3HKl:I. IlpHBJieKaTeJibHOH 

CTOpOHOH ,n:aHHOH MeTO):(l:IKl:I 5IBJI5IeTC5I crryqa:H: Kor,z:i;a 3aBHCHMOCTb H3Mep.SieMoro 

napaMeTpa OT Ha6mo,z:i;aeMbIX He MO)KeT 6bITb ):(OCTOBepHO ycTaHOBJieHa ):(JI5I Ka)K.n:oro 

KOHKpeTHoro l:I3MepeHMSI, HO BMeCTe c TeM Me)K,n:y Hl:IMH Ha6mo,z:i;aeTC.SI CHJibHa5I 

CTaTIICTHl!eCKa5I KoppeJI5IIJ.l:I5I. llMeHHO MeTO):(OM ma6rroHOB norryqeHbl nepBbie 

H3Mepemrn MaCChI Ton KBapKa Ha LHC (yczyna10mHe no TOl!HOCTH npHBe,n:eHHbIM B 

,n:aHHOH pa6oTe ). 

Pe3yrr:r,TaTbI pa6oTbI nocny)KHJIH ,z:i;rr.SI pa3BHTH.SI TeopeTHl!eCKHX norro)KeHHH 

Q.JH3HKH 3JieMeHTapHbIX qacTHU. H npHMeH.SIIOTC.SI B HCCrre,z:i;oBamrnx Ha 

3KcnepHMeHTaJihHhIX ycTaHoBKax KpynHbIX Hayl!HhIX u.eHTpos <t>epMHrra6 (ClllA) H 

I(EPH. 

OcttoBHhie pe3yJILTaTLI, BbrnocuMbie Ha 3amuzy 

1. Pe3yJibTaT ll3MepeHH5I MaCCbl TOTI-KBapKa Ha O):(HOJieTITOHHOH BbI6opKe 

3KcnepHMeHTa CDF npH HHTerparrhHOH cseTHMOCTH 1 Q_J6-1: 

M 10P= 168,9+2,2( cmam. )+4,2 ( cucm.)I'3BI c2 

2. Pe3yrrnTaT H3MepeHl:I5I Macchi Ton-KBapKa Ha o,n:HorrenTOHHOM BhI6opKe 

3KcnepHMeHTa CDF nptt HHTerparrbHo:H: cseTHMOCTH 318 n6-1 c 

HCnOJib30BaHHeM HHQ.lopMaUHH 0 b-MeqeHHH H KaJIH6poBKH IIIKaJihl 3HeprHH 

cTpy:H: no Macce W-6o3oHa: 

173,5~;:~( cmam. +JES)+ 1,3 (npott.cucm. )I'3Blc2 

= l 13,5~;'~I'3B I c2 

3. Pa3BHTHe MeTo,z:i;a H3MepeHH5I Macc:r,1 TOTI-KBapKa. 

c noMOIIJ;bIO Mo,n:errl:IpOBaHH5I TIOKa3aHo, l!TO HCTIOJib30BaHHe MeTo,n:a 

HaHnyqme:H: JIHHeHHOH HecMemeHHOH ou.eHKl:I (BLUE) npl:I o6oe):(HHeHlm 

pemeHl:IM OT 3-x KOM61:IHaUHH CTpyH: B co6bITHl:I (npH BOCCTaHOBJieHHH W-

6o30HOB H TOn-KBapKOB) C Hal:IMeHbIIIHMH 3Hal!eHH5IMH X2 no3BOJI5IeT 
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yMeHhIIIHTh CTaTHCTHqecI<ylO ITorpeIIIHOCTb H3MepeHH5I Ha 10%. 

4. Pa3pa6oTKa H 3aITycK KOMITJieKca ITporpaMM, IT03BOJI5Il01UHX ycTaHaBJIHBaTb H 

KOHTporrHpOBaTh B aBTOMani:qecKOM pe:>ImMe BbICOKOBOJibTHhie HaIIp5IJKeHirn Ha 

cIJeTIJHKax MIOOHHOH cHcTeMhI ycTaHOBKH CDF H IToporoBbie Harrp5IJKemrn 

,lJ;IiCKpHMHHaTopoB CHrHaJIOB .IJ:JI5I o6ecITeqemrn Ha,n:eJKHOH H 3<P<PeKTMBHOH 

pa6oThI CJiICTeMhI C1IeTqMKOB H ITepe,n:aIJH 1rn<PopMau;m1 06 HX COCT05IHHM B OH

rra:HH pe:>KttMe B u;eHTP yITpaBrreHM5I ycTaHOBKOH CDF. 

Anpo6auuSI pa6oThI u ny6mu~auuu. 

IIorry11eHHhie B ,D;HCCepTaIJ;HH pe3yJihTaTbI ITO JiI3MepeHMIO MaCChl TOIT KBapKa 

BKJIIOIJeHbI B .n.oKJia,n; Ha KoH<PepeHUHM B La Thuile (I1TaJIH5I) [1] H ITpe,n:cTaBrreHbI B 

p5I,n:e ,n;oKrra.noa Ha KoH<l>epeHUM5IX: 4th International Workshop on Frontier Science 

(Milan 2005), 25th International Symposium on Physics in Collision (PIC 05), H 

Particles and Nuclei International Conference (PANIC 05). OcHOBHhJe pe3yrrhTaTbI 

pa6oThI ,n:oKJia.D:hIBaJIHCh Ha HayIJHo-MeTO.IJ:M1IeCKHX ceMMHapax JUIII Ol1J.IH, a TaIOKe 

Ha MeJK,n;yHapo,n;HhIX coaern;aHH5IX ITO <l>H3HKe TOIT KBapKa Korrrra6opau;HH CDF. 

,[(HccepTaUH5I HaITHCaHa Ha OCHOBe HayqHbIX pa6oT, BbIIIOJIHeHHbIX c YIJaCTMeM 

aaTopa B JUIII OH.fil1, HH<f>H (IIH3a) H <f>epMHrra6 B ITepHo,n; c 2001 ITO 2006 r. IIo 

pe3yJibTaTaM HCCJie,l],OBaHHH, COCTaBMBIIIMX OCHOBY ,D;MCcepTaUHH, ony6rrHKOBaHbI 

crre,n;yJOrn;He pa6oThI [1],[2],[3],[4],[5],[6] 

06'beM H CTpyKrypa paOOTbl. 

,[(HccepTaIJ;M5I o6'beMOM 125 CTpaHHU COCTOMT H3 BBe,n;eHH5I, Tpex rrraB H 

3aKJIJOqeHM5I. 0Ha co,n;epJKHT 55 pttcyHKOB H 15 Ta6m1u:. CrrHcoK UHTHpyeMo:li 

JIHTeparypbI co,nepJKHT 93 HaMMeHOBaHHe. 

CO,I(EP)KAHHE PAEOTbl 

Bo BBerreuuu o6ocHOBhIBaeTc5I aKryarrhHOCTh H <PopMyrrttpyeTC.sI uerrH 

Hccrre,n;oBaHH.sI, o6'h.sICH5IeTC5I HayqHa5.[ HOBM3Ha H HayqHo-npaKTH1IeCKa5I 3Ha1IMMOCTb 

pa60TbI. TaKJKe 3,l],eCh OITMCaHa CTpyKrypa ,D;HCcepTaIJ;HH H ITpHBe,n:eHbl nerurne B ee 

ocHOBY ITy6rrnKau;ua. 

IlepBaSI rJiaBa co.nepJKHT TeopeTH1IeCKHe acrreKThI Hccne.n.yeMo:li npo6rreMbI, 

BaJKHbJe ,l1,JI5I ITOHHMaHH5I nocrre.nyIOIUero MaTepttarra; B HeH TaIOKe H3JIO:>KeHa 
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<lJM31fCieCKa51 MOTHBa:u;mr rrpe,n:cTaBJieHHOH pa60TbI. IlpHBe,IJ;eHbI OCHOBHbie 

IIOJIOJKeHH.sI CTaH.n:apTHOH MO,l(eJIH, OIIHCbIBaIOI:U:eii <PYH.IJ:aMeHTaJibHbie 

rrpe,n:cTaBJieHH5I 06 3JieMeHTapHbIX qacTHUax H B3aHMo.n:eiicTBH.srx. B HacTo.srrn:ee 

BpeM.sr CTaH,n:apTHa.51 MO,l(eJib .srsmreTC5I o6rn:errpHH5ITOH TeopHeii, OIIHCbIBaIOr:u;eii 

rrpaKTHtieCKH see Ha6mo.n:aeMbie 5IBJieHH5I B <lJM3HKe 3JieMeHTapHbIX qacTH:U:, ee 

rrpe,IJ;CKa3aHH5I IIO,l(TBepJK,IJ;eHbI B MHOf01IHCJieHHbIX 3KCIIepHMeHTax c BbICOKOH 

T01IHOCTbIO. TeM He MeHee, ocTaeTc.sr p.sr.n: sonpocoB, Tpe6YIOrn:Hx npmrcHeHH5I. K 

HMM OTHOCHTC5I, B qacTHOCTH, Ha6JIIO,n:aeMa.sr nepapxH.sr Mace 3JieMeHTapH:bIX qacTHU, 

OTJIHqaIOr:u;HXC5I MelK;zy co6oii Ha rrop.sr,n:KH. 0JKH,IJ;aeTC5I qTo H3yqeHHe <lJM3HKll TOII

KBapKa, qacTH~:bI c caMOH BbICOKOH MaccoH:, cpaBHHMOH c MaccaMH 51,IJ;ep T5IJKeJI:bIX 

3JieMeHTOB, nponbeT CBeT Ha .n:aHHYIO rrpo6JieMy. 

BaJKHeiimeii 3a,n:aqeH: coBpeMeHHOH <lJM3HKH .srBJrneTc51 3KcrrepHMeHTaJI:bHbiii 

IIOHCK qacTHUbI Xnrrca, cyrn:ecTBOBaHHe KOTopoii Heo6xo,n:HMO ,l(JI5I o6'b5ICHeHH51 

rro.srsrreHH51 Macc1>1 y KaJIH6poso1:1H1>IX 6o30HOB H <iJepMHOHOB. MaccbI 6o3oHa XHrrca, 

TOII KBapKa H W-6030Ha CB5I3aH:bI MeJK,n:y co6oii rrocpe,n:CTBOM pa.n:HaUHOHHbIX 

rrorrpaBOK. TaKHM o6pa30M, TQqHoe H3MepeHHe MaCC:bI TOII KBapKa .n:aeT 

B03MOJKHOCT:b orpaHHtIHT:b o6rracTb .n:orrycTHMbIX 3Ha1:1eHnii Macc:bl qacTHUbI Xnrrca, 

1ITO 1:1pe3BbilJaHHO BaJKHO rrpH IIOHCKe 3TOro rrocrre,n:Hero He,l(OCTaIOrn:ero 3JieMeHTa 

CTaH,n:apTHOH Mo.n:emL 

Bo BTOpoii: rJiaBe rrpHBO,IJ;HTC5I OIIHCaHHe 3KCIIepHMeHTaJI:bHOH ycTaHOBKH -

ycKopHTeJII>Horo KOMIIJieKca T3BaTpoH H ,n:eTeKTopa CDF, a TaKJKe omrnaHhI pa6oT:bl 

no Mo,n:epHH3a:u;HH 3JieMeHTOB ycTaHOBKH CDF - BpeM5IIIporreTHoro .n:eTeKTopa H 

CllCTeMbI CUHHTHJIJI5I:U:HOHH:bIX c1:1eTT.J:HKOB MIOOHHOH CHCTeM:bI CHCTeMbI, B KOTOpbIX 

aBTOp rrpHHHMaJI aKTHBHOe yqacTHe. 

YcKopHTeJI:bHbIM KOMTIJieKc «T3BaTpoH» rrpe.n:cTaBJI5IeT co6oii cncTeMy 

ycKOpHTeJieii, o6ecneT.J:IIBaIOrn:HX IIOCJie,l(OBaTeJibHOe ycKopeHHe rryqKa rrpOTOHOB .n:o 

3HeprHH 980 P3B, rronyqeHHe aHTHrrpoTOHHoro rryqKa n ycKopeHne ero .n:o Toll: JKe 

3HeprHH. l(HpeynupyIDrn:ne B TYHHene Korrnaii.n:epa oKpyJKHOCT:bIO 6,3 KM rryqKH 

rrpOTOHOB H aHTHITpOTOHOB CTaJIKHBaIOTC5I KaJK,IJ;bie 396 HC. B 30Hax CTOJIKHOBeHH5I 

Haxo.n:.srTc.sr YHHBepcarrhHhie ,r:i;eTeKTOphI DO H CDF, <iJHKCHpyIDr:u;He lf.JH3HqecKHe 

rrpo:u;ecc:bl rrpoHCXOMrn:He B pe3yJI1>TaTe CTOJIKHOBeHHH. 

YcTaHOBKa CDF BhIIIOJIHeHa no cxeMe, KJiaccHqecKoH .n:m MHoro:u;erreBbIX 
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.n:eTeKTOpOB Ha CTaJIKHBaIOIIl;HXCJI nyt.IKax H HMeeT, B u;enoM, JJ;HJIHH,D;pHt.IeCK)'IO 

CHMMeTpHIO, a TaK>Ke CHMMeTpHt.IHa OTHOCHTeJibHO IIJIOCKOCTH rreprreH,D;HK)'JI5IpHOM 

OCH nyqJ{OB (ocH z). 

CTeH04HblH aJ:lpOHHblH 

1<anopr-1MeTp '\ 

Top4es1:>1e 1<anop;i1v1e~bl 

npoMelKyT04Hble 

MIOOHHble 
.qeTeKTOpbl 

nepe.qHM[~ 
3/M KaJ10pHMeTp 

..__ 

MOHITTOp CBeTMMOCTM \ 

apeMRnponeTpHbl~1 .qeTeKTop 

4eHTpanbHb114 BHeWHMr:i TPe1<ep 
KpeMH11eBblH sepWHHHblH .qeTeKTop 

npoMe1KYT04HblH !<peMHMeBblH AeTeKTop 

Puc. 1: Ycma1-toe1m CDF II c YKa3a1-tueM oc11oe11b1x oemeKmopHblX cucmeM 

B6mnn 30HbI cTOJIKHOBeHHJI rry1:lKOB pacrroJIO)l(eHbI nonynpoBO,D;HHKOBbie 

TpeKOBbie .n:eTeKTOpbI, o6ecne1:lHBaIOIIl;He rrpeu;H3HOHHOe ll3MepeHHe TpaeKTOpHM 

3apJI)l(eHHbIX 1!aCTHU: B 3TOM o6JiaCTH, 1ITO oco6eHHO Ba)l(HO ,D;JIJI o6Hapy)l(eHH51 

BTOpH1!HbIX BepmHH OT pacrra.n:a B-Me30HOB, cJiy)l(amnx, B 1!aCTHOCTH ,D;JIJI OT6opa 

co61>ITHM c Torr KBapKaMH. CHapy)l(H nonyrrpoBO,D;HHKOBbIX ,n:eTeKTopoB Haxo.n:HTCJI 

JJ;HJIHH,n:pn11ecKaJI .n:peii<l:>oBM KaMepa (COT). TpeKOBaJI cH:cTeMa ycTaHOBKH 

3aKJIIOt.IeHa B MarHHTHbIM coneHoH.n: co3,n:a10mHii rrone HarrpJI)l(eHHOCTbJO 1,4 Tn. C 

BflYTpeHHeii cTopoHhI coneHon.n:a B xo.n:e Mo.n:epHH3aIJ;HH CDF pa3MemeH 

BpeMJinponeTHbIM ,n:eTeKTOp Ha OCHOBe CD;HHTHJIJIJIJJ;HOHHbIX IIJiaCTHH, 

npe,D;Ha3Ha1!eHHbIM ,n:JIJI H,D;eHTH<l:>HKaIJ;HH 3apJI)l(eHHhIX 11acTHU: B o6nacTH HMnyn:ocoB 

,n:o ~2 r3B/c. 

ConeHoH,n: TaK)l(e B:OITIOJIHJieT ponb pa.n:naTopa ,n:1151 u;eHTpaJibHoro 

npeKOHBepTepa, ,IJ;OIIOJIH51IOIIl;ero pacnoJIO)l(eHHbIM 3a HHM 3JieKTpOMarHHTHbIM 
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KaJIOpHMeTp ,ll;JUI Jiyqme:H peKOHCTPYKU:HH KOOp,ll;HHaT 3JieKTpoMarHHTHbIX JIHBHeH. 

KaJiopHMeTpbI ycTaHOBKH CDF cnoco6HbI norJioru:aTb ,n:o ;:::;98% 3HeprHH B 

reoMeTpHH, 6JIH3KOH K 4n. 3JieKTpOMarHHTHbIH KaJIOpHMeTp COCTOHT H3 

qepe,n;ymru:HXc5I CJIOeB CBHHI(OBbIX TIJiacnrn, CJIY)l(all(HX pa,n:HaTopoM H TIJiaCTHH H3 

CU:HHTHJim.m:uoHHOro nJiaCTHKa. PacnoJIO)l(eHHbIH 3a HMM a,n;poHHbIH KaJIOpHMeTp 

JiICTIOJib3yeT B KaqecTBe pa,n:HaTopa )l(eJie3Hbie TIJiaCTJiIHbI. 

Ha HaH6oJibilleM y,n:aJieHHH OT u;eHTpa ycTaHOBKH HaXOMTC5I ,n:eTeKTopbI 

MIOOHHOH CJiICTeMbI: ,n:pe:Hc)_:>oBbie KaMepbI ,ll;JI5I onpe,n:enemrn TQqHQH HH<iJopMaI(JiIJiI 0 

TpeKOBbIX cerMeHTax MIOOHOB JiI 6bICTpbie CIJ;HHTHJIJI5II(HOHHbie cqe~HKH, ,n:aIOll(Jiie 

BpeMeHHbie OTMeTKH ,ll;JI5I KaMep. 

TpHrrepHa5I cHcTeMa CDF o6ecnetIHBaeT oT6op co6bITHH, npe,n:cTaBmIIDll(HX 

HHTepec ,n:mi: <lJH3H1IeCKOH rrporpaMMbl 3KcrrepHMeHTa, TIOCKOJibK)' o6'beM 

noczynamru:e:H c ,n:eTeKTopa HH<iJopMau;1m 3HatIHTeJibHO npeBocxo,n:HT nponycKttyID 

cnoco6HocTb cHcTeMbI 3anHcH ,n:aHHbIX. TpHrrep CDF HMeeT TpexypoBHeByID 

CTPYKTYPY. 

,l(JI5I npoBe,n:eHH5I BToporo ceaHca Ha6opa ,n:aHHbIX (RUN II) B ycnoBH5IX 

yBerrHtIHBme:Hc5I 3HeprHH qacTH[( H cBeTHMOCTH T3BaTpoHa ycTaHOBKa CDF 

cyrn:ecTBeHHO Mo,n:epHH3HpoBaHa. B qacTHOCTH, ,n:o6aBneH speM5InponeTHbIH 

,n:eTeKTop, y.rryqmHBmH:H H,n:eHTM<lJHKa[(HID 3ap5I)l(eHHbIX qacTHIJ; c HMnynbcaMH ,n:o ;:::;2 

r3B/c. B xo,n:e pa3pa60TKJiI ,n:aHHOH CHCTeMbl npe,n:JIO)l(eHbI H3MeHeHH5I B ee 

KOHCTPYKIJ;HH, c u;enbID ynyqmeHH5I BpeMeHHoro pa3pemeHH5I, 5IBJI5IIOIT(eroc5I 

KJIIOtieBbIM napaMeTpoM, onpe,n:eJrnmru:HM B03MO)l(HOCTb pa3,n:eJieHH5I qacTH[(. HaMH 

npoBe,n:eHO MO,n;enHpoBaHHe OTKJIHKa ,n;eTeKTopa Ha npoXO)l(,Il;eHHe 3ap5I)l(eHHOH 

qacTHI(bl, a TaK)l(e C03,ll;aH YHHBepcaJibHblH H3MepHTeJibHblH CTeH.n: .ll:Jl5l H3MepeHJiI5I 

xapaKTepHCTHK cqJiIThIBaIOm:e:H :meKTpOHHKH, Ha KOTOpOM HCCJie.ll:OBaJIHCb 

pa3JIHlIHbie cxeMbl ee opraHJiI3a[(HH, B qacTHOCTH, c HCTIOJib30BaHHeM pa3JIJiilIHbIX 

TJiITIOB .D:HCKpHMJiIHaTOpOB. IloKa3aHo, lITO HCTIOJib30BaHJiie .n:syxnoprosoro 

,ll;HCKpHMHHaTopa c KOMTieHcau;He:H .ll:JlJiITeJibHOCTH c)_:>poHTa TI03BOJI5IeT CHH3HTb 

pa36poc BpeMeHH OTKJIHKa CJiICTeMbI c 1,3 .n:o 0, 7 HC. 

,l(JI5I npoBe.n:eHH5I RUN" II rro,n:seprHyTa cepbe3HOH Mo,n:epHH3a[(HH cHcTeMa 

MIOOHHbIX C[(HHTHJIJI5I[(HOHHbIX ClJeTtIJiIKOB. ,l(o6aBJieHbI 3-x MeTpOBble cqeTtIJiIKJiI Ha 

BepxHeH H HH:>KHeH qacTJiI ycTaHOBKH B [(eHTpaJibHOH o6JiaCTH .n:ereKTOpa. 3TJiI 
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cqeTqHKH H3rOTOBJieHbl B OIUIH H HMelOT CHCTeMy c6opa CBeTa «HOBOfO» THIIa c 

IIOMOII(hlO JieHThl H3 crreKTpOCMelI(alOII(HX OITTOBOJIOKOH pa3MelI(eHHhIX c .IJ:JIIIHHOro 

Topua rrnacnrnhI. B «rrpoMe)l(yToqHo.H» o6nacTH ,n:eTeKTopa (rrces.n;o6h1cTpoThI 

1,0<1111<1,5 ) .n;o6aBJieHhI cqeTqHKH, o6pa3yIOII(He ,n:Ba UHJIHH,n:pa, rrapanneJihHhIX 

OCH ,n:eTeKTopa, H cqeTqHKH, pacrroJIO)l(eHHhie ITO Kpyry, rreprreH.IJ:HKYmipHO OCH 

rryqKa. 3TH cqeTqHKH TaK)l(e HMeIOT HOBhIH THIT CBeToc6opa. HaKOHeu, .n:o6aBJieHhl 

cqeTqHKH, 3aITOJIHHBIIIHe He,n:ocTalOII(HH ceKTOp B o6JiaCTH 0,6<1111<1,0 . 3TH 

cqeTqHKH OTHOC5ITC5I K «CTapoMy» THrry, co CBeToc6opoM c KOpOTKHX TOPUOB 

ITJiaCTHHhI. 

CHCTeMa c6opa ,n:aHHhIX H KOHTpOJI5I o6ecrreqHBaeT ycTaHOBJieHHe H 

rro.n;.n;ep)l(aHHe pa6oqero pe)l(HMa cpyHKUHOHHpoBaHH5I cqeTl.JHKOB MIOOHHOH 

CHCTeMhI, a TaIOKe 6ecrrepe6oiiHhIH rrpHeM H HaqaJihHYJO o6pa60TKY rroczyrraIOII(HX c 

HHX CHrHaJIOB. OpraHH3au;:mI 3TOH CHCTeMhl pa3JIHqaeTC5I .IJ:JI5I «CTaphIX» cqeTqHKOB c 

KJiaccHqecKMM m160 KoM6HHHpoBaHHbIM MeTo,n:oM c'heMa H 6oJihIIIHM <I>3Y EMI9814 

H «HOBhIX» cqeTqHKOB co CBeToc6opoM rrpH IIOMOlI(H crreKTpOCMelI(aIOII(HX 

CBeTOIIpOBOMII(HX BOJIOKOH H cpoToceHcopoM H5783 Ha OCHOBe MHHHaTIOpHoro 

<I>3Y R5600. B rrepBoM cnyqae (PHc. 2) Harrp5I)l(eHHe rro.n;aeTC5I Ha c1:1eTYJHKM qepe3 

40-KaHaJihHhie pacrrpe,n:eJIHTemr, II03BOJI51l01I(He ycTaHaBJIHBaTh H KOHTpOJIHpOBaTh 

Harrp5I)l(eHHe HH.IJ:HBH,nyanhHO .IJ:JI5I Ka)l(..u:oro KaHana. CHrHan co c1JeT1IHKOB rro.n;aeTc5I 

Ha ,u:HcKpHMHHaTop, ccpopMHpoBaHHhIH HMrryJihC rroczyrraeT Ha sxo.n: BIUI H .n:anee -

B CHCTeMy cqHTbIBaHH51 H xpaHeHH51 ,n;aHHhIX ycTaHOBKH. ,[(JI5I «HOBhIX» cqeTqHKOB 

rrpHMeH51eTC5I rrpHHUHIIHaJibHO HHa5I cxeMa (PHc. 3): BMeCTO . HCITOJih30BaHH51 

BHemHero ,n:HcKpHMHHaTopa Ha cqeTqHKH ycTaHosneH Mo,nynh PAD (PMT Amplifier 

and Discriminator) - ycHmneJih H cpopMHposaTeJih, rro3BOJI51IOII(HH ycHJIHBaTh H 

OT6HpaTh TIO peryJIHpyeMOMY rroporoBOMY 3HaqeHHIO CHTHaJihl c <I>3Y, a TaIOKe 

ynpaBJI51Th BhICOKMM Harrp51)l(emreM Ha HeM. KIDK,n;hIH PAD coe,n:HHeH co 

crreu;HaJihHhIM KOHTpOJibHO-pacnpe,n:eJIHTeJihHhIM MO.I(yrreM (Control and 

Concentrator Unit - CCU), o6ecrrel.IHBaIOII(HM ycTaHoBKY H cTa6HJIH3aUHIO 

BhlCOKOBOJihTHOro Harrp5I)l(emrn Ha 110.l(KJIIOqeHHhIX Cl.JeTqHKax, KOHTpOJih 

IIOTpe6n5IeMoro TOKa, a TaK)l(e rrepe.n;aqy l·IHcpopMaUHH OT 3THX C1JeTqHKOB Ha Bu;rI. 

10 



-3KcrrepttMeHTaJ!bllbIM Pacupeµ;e- ~-

3M llHTCJih 

b Pisa Box -
H.V. • D tttt ..... c:: 

~o~ 8;2 :S:~"' 
o::~o 

CSX, CSW unu MSK go~ i:l 0 

C'IeT'IHKH t;~o.. ~ I 

::S::i:o~ _....i H.V. tt: 

I CUl:IHTHJllUITOp 
<P3Y 

EMI 9814 ,lJ,HCKpHMHHaTOp 
Bhlxo;unoii LeCroy BIJJ1 

C'IeT<IHT< CHI'Ha.rr 4413 

Puc. 2: CxeMa nooal.[U eb1coK020 11anpJtJ1Ce11U5l u Cl.[Umb1ea11U5l oa1111bzx O!lJl "cmapbzx" 

CtJU1-lmUJl!lJl'ljU01l1lblX Cl.[emttUKOB 

3KcnepHMeHTaJ!bHbIU Pacnpeµ;e- ) 3aJI lUiTCJib BI..(Il 
CCU 

r 

D I:) 

I CUHHTHJIJUITOp I H5783 I PAD I 
I CBCTOIJ,HO)l: I 

I I 

C'ICT'IliK ----i 
Puc. 3: CxeMa nooal.[U BblCOK020 11anpfl:J1Ce11U5l u ct/umb1ea11U5l oa1111bzx O!lR c71u11mUJlllRZJU01lHblX 

Ct/emt/UKOB M1001-l1l020 mpu22epa HOBOW nOKOJle1lU5l 

Mol propa6oTaJUI KOMITJieKC nporpaMM ,IJ;JUI MOHHTOpirnra lI ynpaBJieHmI 

CHCTeMoif c:u;HHTHJIJI5ID;HOHHbIX Ct:IeTt.IHKOB MIOOHHOM cHcTeMbI CDF, t:ITO no3BOJIHJIO 

o6ecnet:IHTb ee Ha,n;eJKHYIO lI 3<i.J<i.JeKTHBHYIO pa6ozy B xo.n;e Ha6opa ,n;aHHbIX B COCTaBe 

MIOOHHoro TpHrrepa. IIporpaMMHoe o6ecnet:IeHHe Ha nnaT<i.JopMe PC no3BOIT51eT 

ycTaHaBITHBaTb H KOHTponHpoBaTb Hanp511KeHH51 lI noporoBbie 3HaqeHH51 ,n;mI 

CHrHaJIOB co Ct.IeTqHKOB, a TaKJKe BbUIBIT51Tb HeHcnpaBHOCTH lI cnoco6cTBOBaTb HX 

ycTpaHeHHIO. Propa6oTaHhI npou:e.n:ypoI o6MeHa ,n;aHHhIMH H KOMaH,n;aMH c 

ynpaBJI5IIO~HMH 6rroKaMH. Ha Hx ocHoBe co3,n;aHa nporpaMMa MuonMonitor, 

c.n;erraBIIIM B03MO)KHbIM TIOJIHbIH KOHTponb Ha,n; ClICTeMOM Ha 3KcnepTHOM ypoBHe c 

KOHCOJIH PC, c Hcnorro30BaHHeM 6a3bI ,n;aHHhIX onTHMaJihHbIX 3HaqeHHM napaMeTpoB 

,I1;JI51 pa60Tbl CI..(lIHTHJIJI51I..(lIOHHbIX Ct.IeTqHKOB. 

HaMH propa6oTaH y3err pacnpe.n:eneHHOM CHCTeMbl KOHTpOJI51 ycTaHOBKH, 

co6HpaIO~lIH HHCpopMaI..(HIO 0 COCT051HHH MIOOHHhIX CU:HHTHITJI5II..(HOHHbIX cqeTqlIKOB 

11 



H rrepe.naIOm;HH: ee B u;eHTp yrrpaBrreHH5I CDF. 

McrroJib30BaHHe pa3pa6oTaHHo:H: HaMH aBTOMaTH3HpoBaHHo:H: cHcTeMbI 

KOHTpOJI5I CU:HHTHJIJUIU:HOHHbIX ctJeT1IllKOB MIOOHHOH CHCTeMbl IIOMorno npoBe)l:eHHIO 

6ecrrepe6oiiHoro Ha6opa <1_JH3HtiecKHX ,naHHhIX B TetieHHH Bcero RUN II, 1ITO 

o6ecrre1IHJIO Ha6op ,naHHbIX c TpHrrepoM Ha MIOOHbl H rroJiyqeHH:e MHOrMX BIDKHbIX 

pe3yJibTaTOB, B qacTHOCTll ITO qnI3HKe TOIT-KBapKOB. 

TpeThSI rJiaBa OTIHCbIBaeT Harny MeTO)l:HKY H3MepeHHH H ee npHMeHeHIIe ,ll;JI5I 

M3MepeHH5I MaCCbl TOTI KBapKa B O,ll;HOJieIITOHHOH BbI6opKe. 3,n;ecb rrpHBOMTC5I: 

KpHTepHH OT6opa co6bITHH, MeTO,ll;HKa on:eHKa ,ll;OJIH <PoHa B Hccrre.nyeMOH BbI6opKe, 

OCHOBHbie arrropHTMbl peKOHCTPYKU:MM co6bITHH, crroco6 o6oe,D;MHeHH5I BapHaHTOB 

peKOHCTPYKU:HM MaccbI TOII-KBapKa. OrmchrnaeTc5I rronytieHHe <PYHKU:HM rrnoTHOCTH 

Bep05ITHOCTH ,ll;JI5I CHrHaJibHbIX M <PoHOBbIX co6bITHH, npoBepKa .[(OCTOBepHOCTM 

npon:e.nypbl H3MepeHHH H, HaKOHen:, pe3yJibTaTbl <PHTa 3KCTiepHMeHTaJibHbIX ,naHHbIX 

ll ou:eHKM CMCTeMaTHqecKHX H CTaTHCTWieCKHX rrorpelllHOCTeH H3MepeHM5I. 

,D;n5I M3MepeHH5I MCITOJib30BaJiaCb BbI6opKa co6bITHH y,n;oBJieTBOp.RIOm;HX 

KpHTepH.RM OT6opa )l;JI5I 0)1.HOJieTITOHHoro KaHarra pacrra,n;a CMCTeMbl t 1 . KaK 

ll3BeCTHO, TOIT KBapK pacrra.u.aeTC5I rrpaKTMqecKH co 100% BepO.RTHOCTbIO Ha b-KBapK 

H W-6o3oH. O.u.HonerrTOHHbIM Ha3hIBaeTC5I KaHarr pacrra.n;a, rrpH KoTopoM o,n;MH ll3 W 

pacrra,n;aeTC5I Ha rrapy KBapK-aHTHKBapK, a BTOpo:H: - Ha 3apIDKeHHbIH neIITOH ( e, µ, t) 

H COOTBeTCTBYJOm:ee He:H:TpHHO. IlpH 3TOM B KOHeqHOM COCTO.RHMH Ha6nIO,n;aeTC.5I 

rrerrToH c 6onbIIIHM norrepeqHbIM MMrrynbcoM, 4 BbICOK03HepreTMqecKHX cTpyH H 

,n;Mc6arraHc HMrrynhca H3-3a He.neTeKTHpyeMoro He:H:TpHHO. 

CymecTBYIOT .n:pyrHe cpM3HtiecKHe rrpon:eccbI, crroco6Hbie y,n;oBrreTBopHTb 

HalllHM KpHTepH5IM oT6opa, 3TO: KX,D; B3aHMo,neiicTBM5I, rrpon:eccbI c pO)K)l.eHH:eM 

,n;Byx BeKTOpHbIX 6o30HOB, co6bITH5I c W-6o3oHoM H a,n;poHHhIMH cTpy.RMM H, 

HaKOHen:, O,ll;HHQqHoe crra6oe pO)K)l.eHH:e TOTI KBapKa. TaKHe <PoHOBbie rrpon:ecCbI, 

MOryT 6bITb OIIIH6oqHo OTo6paHbl H peKOHCTpyHpOBaHbl KaK t 7 ' l103TOMY crre.nyeT 

O)KM)l.aTb, qTo Hccrre.nyeMa5I BbI6opKa co,n;ep)KHT TaK)Ke <PoHOBbie co6bITll5I H 

ytIMT:OIBaTh 3TO o6cT05ITeJihCTBO rrpll rrpoBe,n;eHHH aHarrH3a. 

,lJ;rr.sI OT6opa co6bITllH rrpHMeH5IIOT crre.u.yIOm:Me KpMTepmi: 

• rrpncyTCTBlie 3JieKTpOHa c 60JibIIIOH rrorrepeqHOH 3HeprH:e:H: (Er > 20 r3B ), 

3aperHCTpHpOBaHHOro B n:eHTpaJibHOM 3JieKTpoMarHMTHOM KaJIOpHMeTpe, 
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JUI6o MIOOHa c 6oJI:OIIUIM rrorrepeqH:OIM HMITYJihCOM (pr > 20 f3B/c) 

3aperHCTpHpoBaHHOro B MIOOHHblX KaMepax u:eHTpanbHOH o6naCTH; 

• HanHqHe He MeHee 4-x a)l.pOHHbIX cTpy:H c norrepecrno:H 3HeprHe:H 6onee 15 

f3B, o6pa3)1IOID;HXC5I B pe3yJibTaTe a,npOHH3a[(HH b-KBapKOB OT pacna,na TOTI

KBapKOBOH nap:o1 H nerKHX KBapKoB OT pacna,na W-6o3oHa; 

• HanHqHe 6onI>IIIOH He,nocTaIOr:u;e:H rronepeqHoli 3HeprHH (6onee 20 f3B), 

YKa3:0IBaIOm;e:H Ha BbICOK03HepreTHqecKoe HeliTpHHo OT nenToHHoro pacna,na 

W-6o3oHa; 

• nepBHqHrur BepnmHa )1,0JDKHa HaX0)1,HTC5.I B npe,nenax 60 CM OT 

reoMeTppHqecKoro u;eHTpa 30Hbl CTOJIKHOBeHH5I IlycIKOB. 

Ha 3rreKTpoH, KpoMe Toro, HarraraIOTC5.I ,norronHHTen:oH:oie Tpe6osaHH5I: 

o6oco6rreHHOCT:O, TO eCT:O OTCYTCTBHe 3HeproBbI)1,eJieHH5I 6onee 10 % BOKpyr Hero; 

OTHOIIIeHHe 3HeprHH B KanopHMeTpe K HMIIYJibCY TpeKa (Erlpr) He )1,0JI)l(HO 

rrpeBhIIIIaTh 2 )1,JI5.I 3JieKTpoHOB c pr < 50 f3B/c; yTetIKa 3HeprHH B a,npoHHhIH 

KarropnMeTp )1,0JI)l(Ha 6hITh MHHHManbHa. EcrrH 3JieKTpoH-IT03HTpoHHa5I rrapa, 

peKOHCTpyHpyeTC5.I KaK o6pa30BaBIIIa5IC5.I B pe3yrr:oTaTe KOHBepCHH <l_JoTOHa, TO 

co6:01THe oT6pac:omaeTc5.I. 

MlooH )1,0JI)l(eH y,noBJieTBOp5ITb crre,nyIOII(HM KpHTepH5IM: ero TpeK )1,0JI)l(eH 

COOTHOCHThC5I c TpeKOBbIMH cerMeHTaMH (stub) B MIOOHHbIX KaMepax; OH )1,0JI)l(eH 

6hITb o6oco6rreHH:OIM, TO eCTb IIOJIHa5I 3HeprH5I B KarropHMeTpe B6JIH3H MIOOHHoro 

TpeKa, 3a HCKJIIOqemieM 6arnHH (s:o1,neneHHo:H ceKIJ;HH no !l8!lcp ), KOTOPYIO OH 

nepeceKaeT, )1,0JI)l(Ha 6:01Th MeH:orne 10% OT ero rronepetIHoro MOMeHTa; MIOOH He 

)1,0JI)l(eH 6bITb H)1,eHTH$HUHpOBaH KaK KOCMW:IeCKHH. 

EcrrH B co6:01nrn rrpHCYTCTBYIOT cne,nyIOr:u;He npH3HaKH, TO OHO 

oT6pac:ornaeTcH: 

• )1,Ba rrenTOHHbIX TpeKa, COOTBeTCTBJIOI.IJ;HX rrpOHCX0)1()1,eHHIO OT pacrra,na z0 

6o30Ha: o6na,naIOI.IJ;HX O,[(HHaKOBbIM apoMaTOM rrerrTOHa H rrpOTHBOITOJIO)l(H:OIM 

3ap5I)1,0M, c HHBapHaHTHOM Maccoii Me)l()1,y 75 H 105 f3B/c2; 

• rrpH3HaKH KX,[(-co6:01nrn, orrpe,ri:en5.leM:oie crreu;HanhHhIM arrropHTMOM Ha 

OCHOBe B3aHMHOro pacnoJIO)l(eHH5I BeKTopa rrorrepeqHoii He,[(OCTaIOr:u;eii 

3HeprHH H Be,n:ymeii ( o6na)1,aIOme:H MaKCHMaJibHOM 3HeprHeii) CTpyn. 

TaK)l(e oT6pac:ornaeTCH co6bITHe, H)l,eHTH<l_Jm.i;HpoBaHHoe KaK t t H 
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pacrraBineec.H no .n;ttnerrTOHHOMY cu,eHapmo. 

IIoczyrraIOm:a.R c .n;eTeKTOpa MH<l:>opMau,:aa MO)J(eT 6bITb MCIIOJib30BaHa .n;IDI 

peKOHCTPYKU:MM H OT6opa co6bITMH JIMIIIb rrocrre CJIO)J(HbIX Bbl1IMCJieHHH, 

rro3Borr.aIOIII;HX rronytIMTh rrapaMeTpoI <PH3H1IeCKHX o6oeKTOB. B oco6oli cTerremI 3TO 

OTHOCHTC.H K a.n;poHHbIM CTPY.HM, .n;rr.H peKOHCTPYKU:HH KOTOpbIX MCIIOJ1b3YIOTC51 

CJIO)J(Hble HTepaU:MOHHbie arrropHTMbI KJiaCTepH3aIJ,HH H rrpHMeH.HIOTC.H HeCKOJibKO 

ypoBHeli rrorrpaBOK, KoppeKTHpyIOIII;HX pa3JIH1IHbie .n;eTeKTOpHbie H <PH3H1IeCKHe 

3ipcpeKTbI, HCKa)J(aIOIII;He qeTbipexMepHbIH HMIIYJihC rrapTOHa rrpH rrepexo.n;e K 

KaJIOpHMeTpHqecKOMY ypoBHIO. Q)J(H.n;aeMbIH BKJia.n; OT 3THX MCKa)J(eHHH B 

CHCTeMaTHqecKyIO OIIIH6KY 51BJI5IeTC51 HaH6onee 3HaqHTeJibHbIM. 

B rrpe.n;cTaBJieHHOM B pa6oTe H3Mepemrn HaMM HCIIOJib30BaJIC51 MeTo.n; 

IIIa6JIOHOB, COCTO.HIII;HH B COIIOCTaBJieHHH 3KCIIepHMeHTaJibHOro pacrrpe.n;erreHH51 

on:eHoqHoli rrepeMeHHoli, c pacrrpe.n;enemrnMH, rrorrytieHHhIMH B pe3yrrI>TaTe 

Mo.n;errHpoBaHm1 rrpH pa3JIHqHbIX 3HaqeHH51X H3Mep.HeMoli BeJIH1IHHhI. Ou:eH01IHa5.I 

rrepeMeHHa.H (HJIH 3CTHMaTop) .n;OJI)J(Ha CHJibHO KoppenHpoBaTb c H3Mep.HeMOH 

BeJIH1IHHOH. B HaIIIeM crryqae B KaqeCTBe 3CTHMaTopa HCIIOJih3yeTC51 

BOCCTaHOBJieHHa.H Macca TOII-KBapKa ( M;~;0 
), rrorryqeHHa.H B pe3yJII>TaTe 

KHHeMaTHqecKOH peKOHCTPYKIJ;HH co6hITHH-KaH.n;H.n;aTOB B rrpe.n;rroJIO)J(eHHH 1ITO 

co6oITHe rrpe.n;cTaBn.aeT co6o:H pacrra.n; rrapoI TOII-KBapK + aHTHKBapK B 

o.n;HoJieIITOHHOM KaHarre. IIocKOJibKY HCCJie.n;yeMa.H BbI6opKa rrpe.n;cTaBmieT CMeCb 

cpOHOBbIX H CHrHaJibHbIX co6bITHH, crreKTp M~~;0 BKJII01IaeT BKJia.n;hI OT o6oHX 

THIIOB co6oITHH, 1ITO Heo6xo.n;HMO YlJHTbIBaTb rrpH Mo.n;errHpoBaHUH. Cne.n;yeT 

OTMeTHTb, 1ITO 3Ta BeJIII1IHHa He MO)J(eT C1:1HTaTbC51 H3MepeHHOH Maccoli TOTI KBapKa B 

Ka)J(.n;OM OT.D;eJibHOM co6hITHH, TaK KaK B 60JibIIIOH 1IaCTH CHrHaJibHhlX co6bITHH 

( ~40%) rrpH peKOHCTPYKIJ;Ii[ll rrpoHCXO.D;HT OIIIH601:1HOe rrpHCBOeHHe a.n;poHHbIX CTpyH: 

rrpH BOCCTaHOBJieHHH rrapbl TOII-KBapKOB H W-6030Ha. 3Ha1IeHHe M;~;0 .n;JI5I Ka)J(,1l;Of0 

co6hITH51 BblqHcn.HeTC5I t MHHHMH3aU:Heli, r.n;e B Ka1:1ecTBe BXO.D;HblX rrepeMeHHblX 

HCIIOJib3YIOTC51 H3MepeHHbie BeJIH1IHHbl H HX rrorpeIIIHOCTH. 

( VE .fit VE. data)2 
+ L P1 -pj 

i=x,y 0'2 
J 

(M Mreco)2 (M reco)2 + bji- top + blv - Mtop 

r2 r2 
t I 
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IIepBbIM "l!JieH OTBeqaeT 3a TO, qTo6bI BOCCTaHOBJieHHbie nonepeqHbie 

llMIIYJibCbI qeTbipex Jill,I(Hp)'KHIJ:llX CTpyli H rreIITOHa ( Pi ) COOTBeTCTBOBaJill HX 

ll3MepeHHbIM 3HaqeHIUIM B npe.n;errax norpemHOCTeli. BTopoli BbIIIOJIH5IeT zy :>Ke 

<PYHKu;mo ,I(J151 nonepeY.JHbIX KOMIIOHeHT BHeKJiacTepHOM 3Heprllll. ,ll;Ba nocne.n;yID:ru;HX 

-qrreHa yY.JHTbIBaIOT pa3HllIJ;Y Me:>K,n;y llHBapHaHTHbIMll MaccaMH M 11 , M1v 

( CllCTeMa ,n;Byx rrenrn:x CTpyli H CHCTeMa JieIITOH-Hei:frpllHO) H Maccoli W-6030Ha 

Mw=80,42I'3Bfc 2 I' w=2,12I'3B/c2 • 

Ilocrre,n;Hlle ,I(Ba qrreHa cpaBHHBaIOT llHBapllaHTHbie MaCCbI CHCTeM blv (b

CTpy.a, rrenToH H HeliTpHHO) H bjj ( b-cTp)'5I H ,n;Be rrerKHX cTpyH) co cBo6o,n;HbIM 

rrapaMeTpoM M;~;0 
• I',=1,5I'3B/c 2 • 

IIocKOJibKY MbI He I:Icrrorrb3YeMMeTKY b-Me30HHOH cTpyH B .n;aHHOM aHarrH3e, 

qHcrro B03MO:>KHbIX IIpHCBOeHHH qeTbipex CTpyH: ,I(BYM TOTI KBapKaM paBHO 12, KpoMe 

3Toro cy:ru;ecTByeT Heorrpe.n;erreHHOCTb 3HaKa npo,n;OJibHOH KOMIIOHeHTbI llMIIYJibCa 

HeHTpllHO - TaKHM o6pa30M HaM Heo6xo,n;HMO BOCCTaHaBJIHBaTb Macey TOTI KBapKa 

12*2 = 24 pa3a B o,n;HoM co6bITHH. B pe3)'JibTaTe MbI rrorryqaeM 24 3Hat.J:emrn M~~;0 , 

Ka:>K,I(OM)' ll3 HHX COOTBeTCTB)'eT OIIpe,n;eJieHHOe 3HaqeHHe X2, CJI)':>KaII(ee Mepoli 

Ka"l!eCTBa 3TOM peKoHcTp)'KIJ;HH. KaK noKa3arro Mo,n;errHpoBaHI:Ie, B 6orree qeM 

IIOJIOBHHe CJI)'t.IaeB KOM6HHaIJ;H5I C HaI:IMeHbIDHM X2 .HBJI.HeTC.H npaBllJibHOH, H B 

MaCCOBbIM crreKTp BKJIIO"l!aeTc.a cooTBeTCTB)'IOII(ee 3HatJ:eHHe M;~;0 
• Co6bITH.a, .n;mr 

KOTOpbIX HaHJI)'l.Jilla.51: KOM6Jrnal(H.5I HMeeT X2 >9, OT6paCbIBaIOTC51. 

B ,n;aHHOH pa6oTe Mbl HCIIOJib3)'eM llHQJOpMaIJ;HIO TaK:>Ke OT KOM6HHaIJ;HH, 

BTOpOH H TpeTbeM ITO B03pacTaHHIO X2• IifCIIOJ1b30BaHHe CJie,IJ;)'IOIIJ;HX KOM6HHaIJ;HH, 

KpaliHe pe,n;KO OKa3bIBaIOIIJ;llXC.H rrpaBHJibHbIMH, rrpe,n;cTaBJI.HeTC51 Heu;errecoo6pa3HbIM 

H IIOTpe6oBarro 6bI 3HatJ:HTeJibHhIX MaTeMaTWieCKHX ll Bbll.JllCJIHTeJibHbIX 3aTpaT. 

B HTore, MhI onpe.n;en.aeM Macey TOTI KBapKa KaK rrapaMeTp Mrop ,I(aIOIIJ;HM 

HaHrryqmee COBTia,n;eHHe Me)K,I(y crreKTpOM HHBapHaHTHOH MaCCbI TOII-KBapKa, 

IIOCTpoeHHbIM Ha co6bITH51X c TaKOro :>Ke TllIIa cneKTpaMH, rronyqeHHbIMll c 

IIOMOIIJ;hID Mo,n;errHpoBaHH51 nprr pa3nrrqHbJX 3HatieHH.ax rrapaMeTpa Uap-
,ll;rr.a C03,I(aHH51 MaCCOBbIX ma6rroHOB BbI6HpaeTC51 HHTepBaJI Mace B 

OKpeCTHOCT51X O:>KH,n:aeMoro 3HaqeHH.H (170 f3B) TaKHM o6pa30M, l.JT06bI rrepeKpbITb 

O:>KH,I(aeMoe OTKJIOHeHHe OT 3TOM MaCCbl 6onee tJ:eM Ha 3cr. B 3TOM HHTepBane 

BhI6HpaeM p51,n: <l_JHKCHpOBaHHbIX 3HatieHHH Mace (.M;) ll ,I(JI51 Ka:>K,I(OM ll3 HHX 
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reHepnpyeM 6oJToIIIoe qncno co6bITHH t 7 , ncrroJib3Y51 MeTo,n; MoHTe-Kaprro (M; 

HCIIOJib3YeTC51 rrporpaMMOH-reHepaTopoM B Kal.JeCTBe BXO,D;Horo rrapaMeTpa). 

IIorryqeHHI>Ie co6:01TH5I 3aTeM peKOHCTpyHpyeM orrHcaHHbIM BbIIIIe crroco6oM H 

rHCTOrpaMMHpyeM M;~;0 
• 3TO pacrrpe,n;erreHHe ,IJ;JUI BXO,IJ;HOH MaCCbI M; Ha3bIBaeTC51 

CHrHaJibHbIM MaCCOBhIM IIIa6JIOHOM. 

TaIOKe reHepnpyroTc5I Ha6opbI co6oITHH ,D;JI51 Mo,n;errnpoBaHH5I <PoHa, rrpH 3TOM 

co6oITH5I rrpoXOMT TY )Ke rrpoue,n;ypy oT6opa H peKoHcTpynpyroTc.sI TaK )Ke KaK t 7 

co6bITH5I. l13 HliX C03,D;aeTC51 e,n;IIHbIH <PoHOBhIH ma6rroH, B KOTOpOM BKJia,D;bI 

pa3JIH1IHhIX rrpoueccoB KOM6IIHHPYIOTC51 corrracHO Q)l(H,IJ;aeMOH ,n;orre Ka)l(,IJ;Oro THIIa 

<Po Ha. 

MoI rrapaMeTpn3yeM cIIrHaJihHI>Ie MaccoBI>Ie ma6JioHbI <l>YHKU:Heii IIJIOTHOCTH 

Bepo5ITHOCTH ( <P.rr.B.) psig ( M;;;0
; M top) , rrpe,n;cTaBJUIIOm:e:H: Bepo5ITHOCTb rrorryqeHH51 

peKOHCTpyHpoBaHHOH MaCCbl M;~;0 rrpH «HCTHHHOH» Macce Mlop • <l>oHOBbIH 

ma6JIOH rrapaMeTpH3yeTC51 <P.rr.B. aHaJIOrH1IHbIM o6pa30M, HO B 3TOM crryqae HeT 

3aBHCHMOCTH OT MaCCbI TOII KBapKa. 

Mol KOHCTpynpyeM <PYHKUIIIO rrpaB,n;orro,n;o6H51, OIIHCbIBaIOIIJ:YIO Bepo.sITHOCTb 

Toro, l.JTO ,n;aHHbie 5lBJI5IIOTC5I CMeCbIO <PoHOBhIX H CHrHaJihHhIX co6bITHH t 7 : 

L = L shape X L constr (2) 

r,n;e 

-(n,+n,)( )N N psig(Mrcco.M) pBG(Mreco) 
shape( )=e ns+nb TI ns· top,;, top +nb· top.i 

L Mtop NI . 
• i=lns+nb 

(3) 

-1 (n,-n;")' 2-,,-, 
L constr = e er ... (4) 

B phape i-:H: qJieH ,n;aeT Bepo5ITHOCTb ,D;JI51 i-ro co6hITH51 H3 BbI6opKH ,n;aHHbIX 

M reco v ..+. 
IIOJIY1IHTb 3HaqeHHe MaCChI top rrpH CHfHaJibHOH lf:'·II.B. Psig(Mreco . M ) 

top, i ' top ,D;JI5I 

MaCCbI TOII KBapKa Mtop H <PoHOBOH <P.rr.B. pBG(Mreco.) N - IIOJIHOe qlfCJIO top,1 • 

co6bITHH B B:OI6opKe, ns ll nb - KOJIHl.JeCTBa ClifHaJibHbIX H <PoHOBbIX co6:0ITHH. 

L constr - qJieH <i:>YHKIJ;Hll npaB):(OIIO,IJ;06H51, KOTOpbIH OIIHChIBaeT <i:>JIYKT)'aIJ;HIO 

KOJIH1IeCTBa <l:>oHOBbIX C06bITHH ITO pacrrpe,n;eneHHIO raycca C COOTBeTCTBYffiIIJ:HMH 

3Ha1IeHH5IMH cpe,n;Hero ( n~st ) H Heorrpe,n;eneHHOCTH ( a~st ). 
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M top ' IIpH KOTOpOM cpyHKU;mr 

MllHHMYMa, IIp:HHHMaeTC51 3a ll3MepeHHYIO Macey TOII-KBapKa. (Pnc. 4). CTaTHCTH"CJeCKa51 

norpemHOCTli o:u;eHMBaIOTC51 KaK BeJIM"t!MHa ~op, rrpn KOTopoii - In (LI Lma.J 

yBeJIH"CJHBaeTC51 Ha 0,5. 

12 

10 

8 

4 

2 

ID 
Entries 
M<on 
RMS 

950 
580 

192.3 
1 

ow..,.i~_._,_i.,-""'~,.,_,_,_....._._.c...L.>......_,_....,L..._.......__,.,,,__.__, 

160 170 180 190 200 210 

Puc. 4: 3aeucUMocmb -lnL(M10p)I Lmax rjJyHKZJUU npaeoonooo6UR om M 10P 

lloJ1y'le1111cm MemoOoM MaKCUMaJlbHozo npaeoonooo6UR Macca coomeemcmeyem 
MUHUMYMY 3mou 3aeucUMocmu. 

HcIIOJib3Y51 BbIIIIeorn1caHHbIH MeTO,[(, Mbl ITposemI H3MepeHHe MaCCbl TOIT

KBapKa Ha ,[(aHHbIX, HaKoITneHHhIX Ha ycTaHOBKe CDF B ITepHo,n: c MapTa 2002 ITO 

cpesparrb 2006 Ha cTaTHCTHKe 1 cp6·1• H3 3THX ,n:aHHbIX 6hrnH oTo6paHhI 700 co6bITHH; 

H3 HHX 645 Y.[(OBJieTBOp.HIOT Tpe6oBaHHIO )( 2<9 . ,r:i:rr51 OI.J;eHKH BeJIWIHHhl H COCTaBa 

cpoHa Mbl BOCITOJih30BaJIHCb pe3yJibTaTaMH ITO H3MepeHHIO ceqeHH.H o6pa3oBaHH51 

ITapHoro pmK,n:eHH51 TOII-KBapKOB B MO,n:e "rreITTOH + CTpyH". Q)KH,n:aeMoe qHCJIO 

cpoHOBbIX H CHfHaJibHbIX ( t7 ) co6bITHH B HCCJie.n:yeMOH BhI6opKe COCTaBHJIO 306 H 

339 COOTBeTCTBeHHO. 

MbI C03,[(aJIH CHfHaJibHbie MaccoBhie rna6JIOHbI ,[(JI51 21 3HaqeHHH Mtop, B 

HHTepBarre OT 150 ,[(O 200 r3B C IIIafOM 2,5 r3B, a TaK)Ke cpOHOBbie rna6JIOHbI, 

HCITOJih3Y51 MoHTe-Kapno reHepaTophI HERWIG H ALPGEN. IIocKOJihK)' B ,n:aHHOH 

pa6oTe HCITOJih3YIOTC51 TpH KOMforna:u;rrn C eyqrnHMH X2 , HaMH C03,[(aHhl H 

ITapaMeTpH30BaHhl TpH Ha6opa rua6JIOHOB, qTo IT03BOJIHJIO rrpoBeCTH Tpll OT,[(eJihHbIX, 

CKopperrupoBaHHhIX H3MepemuI. ,z:i:rr51 KOM6HHaI.J;HH rrorryqeHHhIX pe3yJibTaTOB 

HCITOJib30BaJIC51 MeTo,[( HaHrryT.Jrue.H: HecMemeHHOH o:u;eHKH (Best Linear Unbiased 

Estimate, BLUE). 
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Ilpe)K,n;e tieM np0Becn1 Il3MepeHIIe Ha 3KCnepHMeHTanbHbIX ,n;aHHbIX, Mbl 

npoBeJUI npoBepKy MeTo,n;a (sanity checks), npH noMorn;H cep1rn 

nceB,n;o3Kcnep11MeHTOB c attcaM6IDIMH co6bITIIH MoHTe-Kaprro, llT06bI ,n;oKa3aTh, tITo 

11cnorrh30BaHHbie napaMeTpH3au;mr H npou;e,n;ypa npHMeHeHH51 <i:>YHKIJ;IIH 

npaB,n;orro,n;o6II.H cnoco6Hbl BepHO BOCCTaHOBilTb arrpttopll Il3BeCTHbie BXO.ZJ:Hbie 

3HatieHII51 Macc:i:,1 Ton-KBapKa. TaIOKe npoBe,n;eH «crreno:H TecT>> c HeII3BeCTHbIMII HaM 

3HatieHII5IMII BXO.ZJ:HOH MaCCbI, npI13BaHHbIH npo,n;eMOHCTpIIpOBaTb 3<P<l:>eKTIIBHOCTb 

npe,n;rro)KeHHoro HaMH MeTo,n;a tIJieHaM Korrrra6opau;IIII CDF ,n;rr51 o,n;o6pemrn: MeTo,n;a H 

norrytieHII.H pa3pemeHII5I ,n;rr.H ero np11MeHeHI15I Ha ,n;aHHbIX. Bo Bcex crrytia.HX 

npoBe,n;eHHbie TeCTbl IlOKa3anll .ZJ:OCTOBepHOCTb IICilOJib3yeMOH MeTO.ZJ:IIKII. 

,[(JI5I ou;eHKil CIICTeMaTHlleCKH:X om1160K Mbl ou;eHIIJIIl lJYBCTBIITeJibHOCTb 

H3MepeHil.H K BJIH5IHHIO HMeIOrn;IIXC.H B MO,n;err11poBaHIIII Heonpe,n;erreHHOCTeH. ,[(.rm 

3Toro np11 Mo,n;errnpoBaHIIII Ha6opa CIIMYITHpoBaHHbIX co6bITIIH H3MeH5IJIC5I 

COOTBeTCTByIOrn;IIH napaMeTp Ha o,n;Ho CTaH,n;apTHOe OTKJIOHeHIIe B o6e CTOpOHbl llJIII 

BBO,Ll;IlJIOCb anbTepHaTHBHOe npe,n;noJIO)KeHHe. B KalleCTBe CIICTeMaTIIlleCKOH 

norpemHOCTII, accou;HIIpoBaHHOH c BapbHpyeMOH BeJIIlllIIHOH, npIIHHMaeTC5I C.ZJ:Bllr B 

cpe,n;HeM 3Hatiemrn BOCCTaHOBJieHHOH MaCCbl TOil-KBapKa. IlorrHa.H CIICTeMaTIIlleCKa.H 

norpemHOCTb onpe,n;err.Hrrac:o KaK KBa,n;paTilllHa.H cyMMa OT pa3JillllHbIX BKJia,n;oB II 

COCTaBIIJia 4,2 f3B/c2• 

KaTeropm1 3uaqeune (r3B/c2) 
,__. 

----------~-'"-- .. -~----.. ---·-·-·------~- ·-
MC reHepaTop 0,8 

-··--------~·---· 

cI>opMaBG 0,6 
>----· -

JES 3,9 
-- ---·--

rmoOHHOe H3Jiyqemie 0,7 
--

PDF 0,5 

Ou:eHKa ,n;onn cpoHa 0,7 
i--· ----·-·~---------

PtJierrToHa 0,2 

JES b-cTpyli 0,6 

IloJIHaH norpemuocTb 4,2 

Ta6mn.:(a 1: .H3MepeHHE>Ie 3Haqemrn: c11cTeMan1qecKHX rrorpemHocTe:ii. 

HaKoHeu;, nocrre BcecTopotttte:H rrposepKH Hcnorr:o3yeMo:H MeTo,n;IIKH II ou;eHKH 
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rrorpellIHOCTH Mbl rrpoBeJJH aHaJJH3 OTo6paHHbIX 

3KCIIepHMeHTaJ1bHbIX ,n;aHHbIX cornaCHO ormcaHHOH BbIIIle rrpou,e,n;ype. IlonyqeHHbie 

crreKTpbl HHBapHaHTHbIX Mace TOII-KBapKOB ,n;m1 Tpex rrepBbIX KOM6HHaI.J,HH c 

HaHMeHbllIHMH 3HaqeHH5IMH X2 , a Ta.IOKe COOTBeTCTByron:t;He <i_lyHKI.J,HH 

npaB,n;ono,n;o6m1 rrpe,n;cTaBneHI>I Ha pnc. 5. 

Pe3ynoTaTI>I H3MepeHH.sI MaccbI TOII-KBapKa rrpHBe,n;eHI>I B Ta6n11u,e 2. TaIOKe 

TaM noKa3aH KoM6HHHpoBaHHI>Iii pe3yJihTaT, rronyqeHHbIH MeTo,n;oM BLUE, H 

BeCOBbie K03cpcpHU,HeHTbI, COOTBeTCTByrom:He KaJK,Il;OH KOM6HHaI.J,HH, BbiqHCJieHHbie 

Ha OCHOBe K03cp<i_)HI.J,HeHTOB KoppemII.J,HH, rronyqeHHbIX B cepHH 

rrceB,n;03Kcrrep11MeHTOB. B npaBoii KOJIOHKe ,n;JI.sI cpaBHeHH.sI rrpttBe,n;eHI>I pe3yJII>TaTI>I 

cpHTa co CB060,I(HbIM rrapaMeTpOM KOJII:I"lleCTBa <i_loHOBbIX co6bITHH, TO ecTb cnyqa:H: 

KOr,n;a H3 cpyHKl.J,HH rrpaB,Il;OIIO,Il;06I:I51 HCKJIIO"lJ:eH qJieH L constr 

OKoHqaTeJibHbIH pe3yJioTaT H3MepeHH51 MaCCbl TOII KBapKa MeTO,IJ;OM ma6JIOHOB 

B o,n;HoneTITOHHoii Bo16opKe ,n;aHHbIX CDF Ha cTaTHCTHKe 1 ip6-1: 

M 10P= 168,9± 2,2(cmam )±4,2( cucm) I'sB I c2 

I CDF Run2 Preliminary I 

1GG 165 17& 1'l'.$ 1~ 

Top td4lis (G!Vic"2) 

I Data Flt Combination 3 1.... w• 

"" 

... 

r,li..., 111d 

8DJ..TAO:mb3 

-flt 

j CDF Run2 Preliminary I 
- Comb :3 Uli&llhood 

160 16S 170 17S- 18(ji 
TopMua{Gl!V!t-"2) 

Puc. 5: CneKmpbl UT-tBapuaHmHblX Mace mon-KeapKoe (eeepxy) u coomeemcmey10Uf.ue 
UM tPYHKtJUU npaeoonooo6wi (eHmy) Onfl mpex nepBblX KOM6UHatJUU c HaUMeHbUlUMU 
31-lGl{eHWlMU X2 • 
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---"·-------~---· 

CBH3aHHhiii cpHT Cso6o}J;Hhlii cpHT 
-·---·--·--·-,---· 

1 KOMfornau;H5I 169,5±2,3 r3B/c2 169,8±2,4 r3B/c2 

2 KOMfo.rnau;H5I 167,3±3,6 r3B/c2 168, 7±4,2 r3B/c2 

3 KOMfoiHaIJ;ll51 167,0±4,6 r3B/c2 169,3±5, 7 r3B/c2 

·-
U1 0,758 0,841 

-·-------·---~··~-~--

U2 0,165 0,120 

CX,3 0,077 0,038 
----· ·-· 

BLUE 168,9±2,2 r3B/c2 (cTaT.) 169,6±2,4 r3B/c2 (cTaT.) 

Ta6mru;a 2: .H3MepeHHbie 3Hat.JeHIDI MaccbI Torr-KBapKa. Cpe;::i:mrn: KOJIOHKa cooTBeTcTByeT 
pe3yJioTaTaM, rronyqeHHbIM )l:JI51 CJiyt.Ja51, Kor;::i:a KOJUJqecTBO 4JoHOBbIX co6oITHH CB513aHo 
pacrrpe;::i:eneHHeM f aycca c O)lm;::i:aeMbIM cpe;::i:HnM H ourn:6Koi1 ; rrpaBa51 KOJIOHKa ,D,JI51 cnyqa51 - Kor;::i:a 
l.JHCJIO 4JoHOBbIX co6hlTHH - CBo6o;::i:HbIH rrapaMeTp qmrn. IlpHBe)l:eHa TOJibKO CTaTHCTHl.JeCKa51 
rrorpemHOCTb. 

TaIOKe npoBe,n;eHo M3Mepem-Ie MaccbI TOII-KBapKa Ha 318 rr6·1 ,n;aHHhlX, ,n;m1 

KOTOpbIX Ha MOMeHT rrpoBe,n;eHM5I aH:amna 6orna rrpHMeHeHa rrpo:ue,n;ypa b-MeL£eHM5I. 

HcIIOJib30BaJiaCb MeTO,IJ;MKa CXO,IJ;Ha5I c OIUICaHHOll paHee, c p5I,Zl;OM H3MeHeHI1H 

II03BOJI5IIOI.IJ;HX ynyqmHTb TOLJHOCTb M3MepeHH5I. 

MbI pa3,n;enMJIM co6bITM5I-KaH,n;n,n;aTbI Ha rro,n;BhI6opKH B 3aBMCHMOCTH OT 1:1ncna 

b-MeTOK H ::rneprHM CTpy:H: B co6bITHM. ,[(n5I pa3HbIX IIO)J,BhI6opoK BeJIHtIHHa M COCTaB 

<PoHa OTJIMLJ:aIOTC5I, pa3JIMtIHbl TaIOKe <PopMbl pacrrpe,n;eneHM5I ma6noHHbIX Mace TOII

KBapKOB. KpMTepMH OT6opa ,n:JI5I IIO,D:BbI6opoK, a TaIOKe LJMCJIO OTo6paHHbIX co6bITMll 

rrpMBe,z:i:eHbl B Ta6JIH:Ue 3. 

B1>16opKa b-tags Er (r3B) cTpyH 1-3 Er (f3B) CTPYH 4 1IHCJIO co6LITHH 
(,D;JIH 318 n6"1) 

·----------------~--------·--,··-~"~·---,---------------·-----

0-tag 0 ET>21 Er> 21 44 

1-tagT 1 ET> 15 Er> 15 33 

1-tag-L 1 ET> 15 15>ET>8 63 

2-tag 2 ET> 15 Er> 8 25 

Ta6llUZJa 3: IlapaMempbl nooeb16opoK Ollfl U3MepeHUR MaCCbl mon-KeapKa c 
ucnOJlb306GHUeM WtpopMaZJUU 0 b-MetteT-tUU. 

,ll;JI5I Ka)K)J;OH M3 IIO)J,BbI6opoK rrpOBO,Zl;fIJIHCb o:ueHKM COCTaBa M BeJIHtIMHbl 

<PoHa, CHJibHO 3aBMC5II.IJ;Me OT LJMCJia b-MeqeHbIX CTpy:H:. ,ll;JI5I IIO)J;BbI6opKH 2-tag 
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BeJIMq1rna cpoHa HaMMeHbIIIa.H, M OCHOBHaJI ero KOMIIOHeHTa - co60ITJUI c 

pmK,n:eHMeM W-6o3oHa M cTpy.HMH OT T.H)KeJioIX KBapKoB. ,[(me 1-tag(T) H 1-tag(L) 

rrpeo6rra,n:aIOT cpoHbI W+cTpyH (OT rrerKMX H T.SI)KeJII>IX KBapKoB ), a TaK)Ke KX,[( -

rrpou;eccI>I. ,[(m1 BoI6opKH 0-tag rrpeo6rra,n:aIOII(HH THII Q?oHa - W+nerKHe cTpyH. 

Ou;eHKa BenffqHHbI cpoHa ,n:n.H 3To:H: rro,n:BI>I6opKH 3aTpy,n:HeHa, II03TOMY ,n:rr.H Hee 

rrpoBO,L(HTC.H cpHT CB06o,n:HblH OT rrpHB.H3KH K m1m.n:aeMOMY qifcny co6bITHii. 

,[(pyroii Ba)KHOH oco6eHHOCTbIO HCIIOJlb30BaHHOH MeTO,L(HKH 5IBJI5.leTC.H 

KarrH6poBKa in situ no Macce W-6o3oHa. ):(me 3Toro ,n:n.H Ka)K,n:oro co6I>ITIUl Hap.SI.n:y c 

peKOHCTpyttpoBaHHOH Macco:H: TOTI KBapKa ( M;~;0 ) HaXO,I(.SITC.H MHBapHaHTHbie 

MaCCbI nap CTpyll: ( M;co ), KOTOpbie ,L(OJDKHbl COOTBeTCTBOBaTb Macce W-6030Ha B 

crryqae, Kor,n:a 3TH cTpyH rrpottcxo,n:.SIT OT ero a,n:poHHoro pacrra,n:a. IIocKOJibK)' 3TM 

CTpyH, oqeBH,I(HO, He ,L(OJI)KHbI HMeTb b-MeTKH, qifCJIO B03MO)KHbIX KOM6HHaU:HH 

TaKMX CTpy:H B co6bITMH MO)KeT 6bITb OT O.IJ;HOH ,I(O 6-TM. Pacnpe,n:eneHHe M~~co 

HCIIOJib3YeTC.H ,L(JUl KaJIH6poBKH IIIKaJihl 3HeprHH CTpy:H, ,I(Jl.H qero BO,I(HTC.H 

OTHOCHTeJibHblll napaMeTp JES, rrpe,n:cTaBJI.SIIOII(HH C,L(BMr B IIIKarre 3Heprn:H: CTpy:H B 

e,n:MHHn;ax ee HOMHHaJibHOH Heorrpe.n:eneHHOCTM, BbJqHCJI.HeMOH H3 BHeIIIHHX 

KaJIH6pOBOK. 

Ifa pacnpe,n:eneHMH M;~;0 H M~"/° ,L(Jl.SI Ha6opa 3HaqeHHH Mace TOII KBapKa M 

JES Mbl COCTaBJrneM ma6JIOHbl ClffHaJibHhIX co6bITHH, KOTOpbie 3aTeM 

rrapaMeTpll3JIOTCH cpyHKU:He:H:, 3aBHC.Sim;e:H: OT 3TMX BXO,L(HbIX rrapaMeTpOB ll 

MHTeprrorrHpyrom;eii rrpoMe)KyTKH Me)K.n:y ma6rroHaMH. AHanornqHbIM o6pa30M 

COCTaBJI.HIOTC.H ma6JIOHbl .n:mc pa3JIHqHbIX Q?oHOBbIX npou;eccoB, o,n:HaKO B 3TOM 

crryqae napaMeTpH3aIJ;M.SI He 3aBHCllT HH OT MaCCbI TOII-KBapKa, HH ll OT IIIKaJibI 

3HeprH:H: CTpyii. c norryqeHHbIMM rrapaMeTpll30BaHHbIMM ma6noHaMH cpaBHMBaIOTC.H 

pacnpe,n:eneHH}J BOCCTaHOBJieHHbIX Mace, rrorryqeHHbie H3 3KCIIepHMeHTaJihHbIX 

,n:aHHbIX. ,[(rr.H 3Toro ncrrono3yeTc5£ MeTo,n: Han6orromero npas,n:ono,n:o6m1. <l>yHKU:M.H 

rrpaB,n:orro,n:o6mc COCTaBJI5£eTC5£ ,L(JIJ[ Ka)K,I(Oll 110.IJ;BbI6opKH M BKJIIOIIaeT 1IJieHbI 

yqMTbIBaIOII(He cpopMy MaccoBbIX ma6noHOB, ma6noHOB .r:t;JI5£ Mr//0 
, 1mcna 

CMrHaJibHbIX H cpOHOBbIX co6bITHH a TaK)Ke O)KM.r:t;aeMyIO BeJIM1IMHY Q?oHa (,n:rr5£ 

no,n:BI>16opoK 2-tag, 1-tag(T) M 1-tag(L)). IIorry11eHHbie cpyHKU:MM o6ne;n;MH.SIIOTC5£ B 

o6m:yro cpyHKL(HIO, B KOTopyIO ,n:o6aBJ1.SieTC.SI .IJ;OIIOJIHHTeJihHhIH qJieH, co.n:ep)KalI(HH 

HHcpopMaU:HIO o BHeIIIHMX KarrH6poBKax. Mm;eTc5£ MaKcHMYM o6m;e:H: Q?yHKU:HM 
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rrpaB,n;orro.n;o6:m1 no OTHomemno K 10 napaMeTpaM ( 1racJiaM c1-irHaJI.hH.hIX H cpoHOB.hIX 

co6.bITHH ,[(JI.SI 4-x IIO,ll;Bbl6opoK H TaKJKe o6Il(HM ,n:JI.SI scex IIO,[(B.bI6opoK Macce TOII 

KBapKa H JES ), HCIIOJI.h3Y.H rrporpaMMH.hIH rraKeT MINUIT. B HTore Ha 

3KCrrepHMeHTaJI.bH.bIX .n:aHH.bIX M.bl IIOJiyqHJIH CJie,n:yIOID;HH pe3yJI:r:.TaT ,[(JI.H MaCC.bI TOII

KBapKa H IlIKaJI.bI 3Hepnrn CTpy:H:: 

Mrop = 173 ,5~ ;:~ ( cmam. +JES) I'3B I c2 (6) 

JES= - o 10+0•18 cr ' -0,80 c (7) 

HcrroJI.h3Y5I MeTO.[(hI, aHaJiorHqH.hre orrHcaHH.hIM paHee MhI rroyqHJIH ou;eHey 

CHCTeMaTMqecKOH rrorpeIIIHOCTH (3a HCKJUOIIemfeM JES), COCTaBHBmyIO 1,3 f3B/c2• 

0KOH1IaTeJI.bH.bIH pe3yJihTaT H3MepeHH5I Mace.bl TOII-KBapKa Ha CTaTHCTMKe 318 rr6"1 

.n:aHH.bIX c HCIIOJI.b30BaHHeM b-Me1IeHM5I COCTaBHJI: 

l 73,5~~·~(cmam. +JES)± 1,3 ( npo'-t.cucm.) I'3B/ c2 

1 3 +3,9I': I 2 = 7 ,5_3,8 3B c 
(8) 

Ha MOMeHT rry6mma:u;MH pa6oT.bI 3TOT pe3yJI.hTaT .HBJI5IJIC5I HaM6oJiee ToqHhIM 

H3MepeHMeM MaCCbI TOTI KBapKa. 

B 3aKJII0'1eHHH ccpopMyJIHpoBaH.hI ocHOBH.hie pe3yJI.hTaT.hI .[(HccepTa:u;HoHHOH 

pa60T.bl. 

1. BrrepB.bie .n:m.r YMeHbllleHM.H cTaTHCTMIIecKoiI norpeIIIHOCTH H3MepeHH5I Macchi 

TOII-KBapKa rrpe,n;JIOJKeHO HCITOJI.b30BaTh HHtjlopMaIJ;HIO OT 3-x KOM6MHaTopHblX 

BapMaHTOB npHCBOeHH5I CTpyiI B co6bITHH c HaHMeH.bllIHMH 3Ha1IeHH5IMH t, a 

He orpaHHq1rnaThC5I TOJibKO O,ll;HHM JIY1III1HM BapHaHTOM. 

c IIOMOID;bIO MO,n;emipOBaHH5I IlOKa3aHO, 1ITO HCIIOJib30BaHHe MeTo,n:a 

HmrnyqIJleH JIHHeHHOH HeCMern;eHHOH o:u:eHKH (BLUE) rrpH ofr.&e,n:irneHHH 

pellleHMH OT 3-x KOM6MHa:U:HH II03BOJI5IeT yJiyqIJlHTb CTaTHCTlfIIeCKYIQ 

rrorpellIHOCTb H3MepeHH5I Ha 10%. c HCIIOJI.b30BaHHeM .n:aHHOH MeTO,ll;HKH 

H3MepeHa Macca TOII-KBapKa Ha CTaTHCTHKe 1 ¢6"1 B 0,[(HOJieIITOHHOH BhI6opKe: 

M 10P= 168,9±2,2(cmam. )± 4,2( cucm.)I'3Blc2 (9) 
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2. BITepBbie Ha ,D;aHHbIX CDF ITpoBe,D;eHo H3MepeHHe MaccbI TOII-KBapKa c 

HCITOJib30BamreM HHcpopMau;HH 0 Me'lJeHHH b-cTpy:H: H KaJIH6poBKe IIIKaJibl 

3HeprHH a,D;pOHHhIX cTpy:H: ITO Macce W-6o30Ha, Ha cTaTHCTHKe 318 IT6-1• 

IloJIJt:[eHo 3Ha'lJemrn: 

173 ,5~~:~ ( cmam. +JES)± 1,3 ( npoll. cucm. ) I'3B I c2 

= 173,5~~:: I'::JB I c2 
(10) 

3To HaH60Jiee TO'lJHOe H3MepeHHe MaCCbl TOII-KBapKa Ha ,D;aHHOH CTaTHCTHKe. 

3. ):(m1 H3MepeHH51 MaCCbl TOIT-KBapKa B O,Il;HOJieITTOHHOH BbI6opKe Ha ,D;aHHbIX 

3KcITepHMeHTa CDF pa3BHTO H orrTHMH3HpoBaHo ITporpaMMHoe o6ecrre'lJeHHe 

,Il;JI5I OT6opa co6bITHH, BOCCTaHOBJieHH51 llHBapHaHTHOH MaCCbl TOIT KBapKa H 

KaJIH6poBKH IIIKaJihI 3HeprHH cTpy:H: ITO Macce W-6o3oHa. 

4. Pa3pa6oTaH H BHe,D;peH paHee OTCYTCTBOBaBIIIHH KOMITJieKC ITporpaMM, 

IT03BOJI5IIOIIJ;HX ycTaHaBJillBaTb H KOHTpOJillpOBaTb B aBTOMaTH'lJeCKOM pe)KHMe 

BbICOKOBOJibTHbie HaITp5I)KeHH51 Ha C'lJeT'lJllKax MIOOHHOH CllCTeMbI ycTaHOBKH 

CDF H IToporoBbie HaITp5I)KeHH51 ,D;llCKpHMMHaTopoB cHrHaJIOB .II;JI5I 

o6ecITe'lJeHH51 Ha,D;e)KHOH H 3cpcpeKTHBHOH pa60Tbl CHCTeMbl C'lJeT'lJllKOB H 

ITepe,D;a'lJH llHcpopMaIJ;Hll 06 HX COCT051HllH B OH-JiaHH pe)KM:Me B u;eHTp 

yITpaBJieHH51 ycTaHOBKoli CDF. 

5. ):(JI5I YJIY'lJIIIeHH51 BpeMeHHoro pa3peIIIeHM51 BpeM5IITpoJieTHoro ,D;eTeKTopa 

ycTaHOBKH CDF ITpoBe,D;eHo Mo,n:ennpoBaHHe OTKJIHKa ,n:eTeKTopa Ha 

ITpoxO)K,D;eHHe 3ap5I)KeHHOH 'lJaCTHIJ;hI; co3,n:aH YHHBepcaJihHbIH H3MepHTenhHbIH 

CTeH,D; ,Il;JI51 OITTHMH3all;HH C'lJHTbIBaIOIIJ;eH 3JieKTpOHHKH. IlOKa3aHo, 'lJTO 

HCITOJib30BaHHe cxeMbl .Zl:BYXITOproBoro ):(HCKpHMHHaTopa c KOMIIeHcau;HeH 

,Il;JIHTeJibHOCTH cppOHTa IT03BOJI5IeT yMeHbllIHTb pa36poc BpeMeHll OTKJIHKa 

,D;eTeKTOpa Ha 45 %. 
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