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Pa6oTa BbIII0JIHetta a Jia6opaTOpim 51,L\epttbIX rrpo6neM HM. B.IT.,ll;)l<eJierroaa O6'h

e,L\IIHeHHoro llHCTIITyTa 51,L\epHbIX llCCJle,L\0BaHIIl1. 

Hay'IHbil1 pyK0B0,L\IITeJib: 
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,L\0KT0p <pll3llKO-MaTeMaTII'IeCKllX uayK 

B.11. KoMapoa (JI5IIT 0115111), ,ll;y611a 

KaH,L\ll,L\aT <pll3llKO-MaTeMaTII'leCKllX HayK 
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Hay'IHO-llCCJie):\OBaTeJibCKIIl1 IIIICTIITYT 

51,L\epH0fi <pll3llKll (H11115I<I>) MrY, MocKBa. 

3a~IITa ,L\llCCepTa~IIll C0CT0MTC51 <<_>> ----- 201_ r. B -- qaC0B Ha 

3ace,L\aHllll ,L\llCCepTa~ll0HH0r0 C0BeTa ,ll; 720.001.03 a O6'be,L\IIHeHHOM llHCTMTyTe 

51,L\epHblX HCCJie,L\0BaHHfi, r. ,ll;y6Ha MocKOBCKOfi o6naCTll. 

C ,L\IICcepTa~ttefi M0)KHQ 03HaK0MllTbC51 B 6tt6JIIIOTeKe O6'be,L\IIHeHIIOro HHCTIITyTa 

51,L\epHblX HCCJie,L\OBaHHfi. 

AaTOpecpepaT pa3ocnaH <<_>> 201 

y 'leHblfi ceKpeTapb ,L\llCCepTa~II0HH0r0 C0BeTa 

,l.\0KT0p <pH3.-MaT. HayK, rrpocpeccop 

r. 

+ 
IO.A. BaTycoB 

OBIIJ;A.H XAPAKTEPMCTMKA PABOTbI 

AKTyaJibHOCTb T€Mbl llCCJI€,D;OBaHIUI 

Mo)KIIO 6e3 BC5IK0r0 rrpeyBCJlli'Iemrn 11a3BaTb rrpe~II3l!0IIIJ0C ll3Mepem,e MaCCbl 

T0IT-KBapKa 0,L\Ill!M ll3 caMblX Ba)Kllb!X ,).\OCTH)Kelll1ll B YX0,l.\5IU~eM ,).\CC5ITIIJICTllll ,L\Jl51 

3KcnepHMeHTaJibl!0ll q>H3HKH 3JieMCHTapHbIX '-IaCTHl~. ,ll;a1111oc ll3MCpe,me - 31'0 He 

rrpoCT0 ,l.\C)Kypnoe YT0'll!CHHC 0,1..\l!0ro ll3 rrapaMCTp0B CTa11;i.apTI!Oll M0,L\CJIII, 0110 

5IBJI5IeTC51 onpe,n:eJI5IIO~HM B ll0HCKC 0TBeTa na KJIIO'-ICB0H nonpoc 0 IIp0HCX0)K

,n:eIIHll Mace cpy11,n:aMel!TaJihl!bIX 'IaCTI!I~. Tpe6ona1me JI0KaJib!I0H KaJI116poBO'-JIIOH 

HHBap11a11TH0CTll rrpl!B0,L\l!T K T0MY, '-ITO KaJm6pOBO'lllbie 6o30llbl ,L\0JI)Kllbl 6hITb 

6e3MaCCOBbIMH '-laCTH~aMH. ,ll;JI51 o6'b5ICHe!lll51 l!X MaCCbl BB0,L\l!TC51 ,L\0ll0JII!l!TeJil,-

110e ll0Jie - IT0JIC X11rrca, K0Topoe B3a!H,10,L\CHCTBJCT co BCCMH ,n:pyrHMH llOJl5-IMll ll 

•1epe3 3T0 B3al!Mo,n:eHCTBlle coo6~aeT Macey KaJIH6pono'IHbIM 6o30HaM H (!}CpMll

OHaM. HanH'-IHe TaKoro IT0JI51 ,L\0JI)KIIO rrpHB0,L\HTb K cy~eCTBO!JallHI0 MaCCl!BIIOI'O 

CKaJI5Ipl!0ro 11ei1TpaJibH0ro 603011a. ,ll;a1111bIH 603011, 11&'3bTRaeMbIH 6o30!IOM Xnrrca, 

0CTaeTC51 e,n:HIICTBCIIII0H IIC 0TKpb!TOH cpy11,n:aMeinaJibllOH 'IaCTII~CH Grau,n:apTIIOll 

Mo,n:en11. lf3-3a pa,n:11a~1101111&1x norrpanoK Macchi 603011a X11rrca, TOII-KBapKa H 

W-6030!la OKa3bIBa!OTC51 CB513a!I!lb1Mll Me)K,n:y co6oi1. ,ll;aHIIb!H <paKT ll03BOJI5IeT 

llOJIJ'-ll!Tb Ba)KHOC orpaHli'IeHIIC ,L\Jl51 MaCCbl 'IaCTH~bl X11rrca, HO 3T0 upe,n:cKa3a

Hlle IIMeeT q:>11311'-JeCKYIO ~e!IIIOCTb TOJibKO rrp11 O'-JeHb TO'-lllb!X H3Mepe!Ill5IX Mace 

Ton-KnapKa n W-603oua. cha n11cpopMa~1rn na)Kna np11 noncKe 603011a Xnrrca. 

Bonee Toro, IT0CJie OTKJ)b!TH51 ,n:aHHOH 'IaCTll~bl HJIH IT0JIY'ICIIH51 6onee )KCCTKIIX 

3Kcrrep11MeHTaJibHblX orpaHH'-JellHH Ha ee cy~eCTBOBa1me Olla ,n:acT B03MO)KIIOCTb 

· rrpoaepHTb cocT05ITCJihIIOCTb CTau,n:apTHOH Mo;i.en11 . 

Pernettne 3a,n:a'IH rrpe,~H3H0!IH0I'0 H3MepeHH51 MaCCbl T0ll-KBapKa CTaJI0 B03-

M0)K!lb!M 6naro,n:apa rny6oKOH M0,L\Cpm13a~HII ycK0pHTCJibII0ro K0MIIJICKCa T3Ba

TJ)0H 11 6a30BbIX ycTaH0B0K, rrpono,n:nM&Ix 11a HeM 3KcrrepHMCHT0B GDF 11 D0. Ha

'-laJio Run !I 0TKJ)hJJI0 II0BJIO rnany B C0BJ)CMCHH0M 113J'ICHIIII T5I)KCJiblX KBapK0B. 

HeJib351 !IC yrr0M5IIIYTb TOT <paKT, 'ITO Ha ,n:aH!lblH M0MeHT nee 0CII0BHbie 3KCIIepH

MCHTaJibllb!C HCCJie,n:onamrn T0ll-KBapKa 6bIJIH Bblll0JI!lellbl Ha T3BaTpOHC. BrrJIOTb 

,n:o 1-Ia'-laJia ll0JIII0~CIIII0H pa60Tbl LHC OH 0CTaeTC51 C,L\HIICTBC!Illb!M ycK0pHTeJib

HbIM K0MITJICKC0M, ll03B0JI5IIO~HM rrp0B0,L\HTb llJ)51Mbie HCCJie,n:onanna B ,n:aHIIOM 

ceKT0pC <pll3HKH. PeKop,n:11aa 311CJ)l'H51 CT0JIKH0BCIIH51 rrpOT0IIa C a!ITHllpOT0H0M 

( vs = 1.96 T3B) 11 pcKop;i.uaa CBCTHM0CTh ( ~ 3 x 1032 CM-2C 1) c;i.enam, B03-

M0)KJibIM IT0Jiy'IaTb TOll-KBapKH H HCCJIC,L\0BaTb IIX CBOHCTI3a. 

ll;eJib pa60Tbl 

U:eJib!O HaCT05I~CH pa60Tbl CTaJI0 II3Mepe1me MaCCbl T0IT-KBapKa na 6oJ!blllOH cTa-

. 06'r,e,I.lJIHrH,I1III HHCTHTF i 
'J~epE~,lX HCC.11e~'i,OE2~1
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THCTHKe Run II, ttcn<'>Jih3Y51 ,ri,i1.rierrTOHHYIO.H .nem611-TpeK Bb16opKH co6hITHH 3KC

rrepHMeIITa CDF. 

HayqHaH H0BII3Ha 

roaop51 0 Hay'IHOH HOBH3He pa60Tbl, He06XO,[\llMO BhI,[\eJIHTb CJie~!Olll,He MOMeHTbI: 

• Brrepab1e B Run II Ha CDF H3MepeHa Ha ,T\HJieIITOHHhIX co6b1nrnx Macca 

TOII-KBapKa. 

• BrrepBbie rrpll coapeMeHHOM 'ypOBHe HaKOIIJieHHbIX ,[\aHHblX ll3MepeHa Macca 

Torr-KnapKa Ha nerrToH~TpeK ab16opKe 3KcrrepHMeHTa CDF. 

• Pa3pa6oTaH ll peaJIH30BaH IIO~b!H MeTO,[\ ll3Mepemrn Ma_ccbI TOII-KBapKa Ha 

. ,[\HJieIITOHHbIX co6b!Tll5IX. 

Hay'IHO-rrpaKTII'leCKaH 3Ha'IIIM0CTb pa60Tbl 

MccJie,[\OBaHH51 TOII-KBapKa Ha ,[\HJieIITOHHbIX co6hITll5IX Ba)Kl!hl, T.K. rrpe,[\CTaBJI51-

IOT yo6oi1 He3aBHCllMbIH llCTO'IHHK HHcpOpMaIJ;llll O ,[\aHHOM KBapKe. IIoJiy'IeHHOe 

3,[\eCb 3Ha'Ie1rne MaCCbl TOII-KBapKa MO)KeT cpaBHHBaTbC51 C pe3yJibTaTaMll B !\PY

rHX KaHanax. Bee ll3MepeHH51 rrpe,[\IIOJiaraJOT CO,[\ep)KaHHe tf-co6h!TllH ll cpoHa B 

3KcrreprrMeHTaJihnoi1 Bb16opKe cornacHo CTaH,[\apT11oi1 Mo,[\eJirr. Pa3JIH'IHe Me)!(~ 

MaccaMII, IIOJiyqaeMb!Mll Ha pa3Hb!X Bbl6opKax, MOrJIO 6b! CBH,[\eTeJihCTBOBaTb 0 

rrpHCYTCTBllll 'IaCTIIU,, ne rrpe,[\CKa3bJBaeMblX ,[\a!IHOH Teoprrei1, C ,T\pyroi1 CTOpo

HhI, TaKoe pa3Jill'Ille MOPJIO 6bl 6hITb llH,[\HKaTopoM nea,[\eKBaTHOro MO,[\eJIIIpOBa

Hll51 rrpou,eccoB llJlll 11errpaBIIJlbHOH pa60Tbl 3KCIICpHMeHTaJibHOro o6opy,f\OBaHll51. 

EcJIH ace ll3MepeHH51 MaCCbl TOII-KBapKa COBMeCTHMbl Me)!(~ co6oi1, OHll MOryT 

6b!Tb o6'be,[\HHeHbl. B 3TOM CJiyqae Macca TOII-KBapKa OT, ,[\llJieIITOHHblX co6b!TllH 

YJIY'IWllT TO'IHOCTb o6rn.ero ll3MepeHll51 . 

OcHOBHbie pe3yJibTaTbI, BblH0CIIMbie Ha 3aID;IITY 

l. Pe3yJibTaT ll3MepeHH51 MaCCbl TOII-KBapKa Ha ,[\HJieIITOHHOH Bb16opKe 3KCIIC

pHMeHTa CDF rrpH HHTerpaJihHOil. cneTIIMOCTH 340 rr6-1: 

Mtop = 170.1 ± 6.0 (cTaT.) ±4.1 (cHCT.) r3B/c2 = 170.1 ± 7.3 r3B/c2. 

2. Pe3yJibTaT ll3MepeHH51 MaCCbl TOII-KBapKa Ha JieIITOH-TpeK Bb16opKe 3KCrreprr

MeHTa CDF rrprr HHTerpaJihHOil. cneTIIMOCTH 2.9 ¢6-1: 

Mtop = 165.5~t~ (cTaT.) ±3.1 (cttcT.) f3B/c
2 = 165.5~!:g f3B/c2. 
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3. Pc3yJibTaTbl llCCJie,[\OBaHH51 B03M0)KIIOCTCH ynyqrnenm, HCIIOJlh3yeMOH MCTO

,[\HKH, 1103BOJlllBU!He yMeHbWHTb Ha 20% 0)1(11,[\aCMYJO CTaTHCTH'ieCKYJO owu6-

KY H3Mepe1rn51 MaCCbl TOII-KBapKa. 

Arrpo6a:cwa pa6oTbI II rry6JIIIKau;IIII 

MaTepHaJibI, H3JIO)KeHHhie B ,[\llCCepTa11,1rn, rrpe,[\CTaBJI5lJIHCb Ha K0Hcpepe111\H5IX 

La Thuilc (MTaJIH.H), PANIC 05; ICHEP 08 H DPF 2009. Pe3yJihTaTbI pa60Tb1 

,[\OKJia,[\hIBamich Ha Hay'IHO-MeTO,[\H'IeCKHX ceM1rnapax J15II1 OM5II1, perym1p11b1x 

coaern.amrnx pa6o'lei1 rpyrrrrhI rro cpH3HKC TOII-KBapKa na CDF. 

~HccepTaU,1151 Harrucana na OC!IOBC Hay'lHb!X pa6oT, BbIIIOJIHCHHblX C J'!aCTHCM 

aaTOpa B J15II1 OI15II1 H <I>HAJ1 B rreptto,[\ c 2003 ITO 2009 rr. IIo pe3yJihTaTaM 

HCCJie,[\OBa1mi1, COCTaBilBillHX OCHOBY ,[\HCcepTaU,HH, OITy6JIHKOBal!O 12 IIe'laT!lbIX 

pa6oT. I1x CITHCOK rrpHBe,[\CH -a KOHU,e aBTOpecpcpaTa. 

06'beM II CTPYKTypa pa6oTbI 

~HccepTaU,H5l o6'beMOM 117 CTpatmu, COCTOHT 113 BBe,[\emrn, 'IeTbipex rJiaB H 3a

KJIJO'leHH51. Olla CO,[\Cp)KHT 42 pHCYHKa ll 18 Ta6JIHU,. CITHCOK 11,HTHpyeMOH JIHTC

paTypbl BKJl!O'JaeT B ce65l 77 11a11MeI10BaHHH." 

CO,II;EP)KAHME PABOTbl 

Bo BBe,z:i;eHIIII o6ocHOBbIBaeTC51 aKTyaJibHOCTb H cpopMynnpyeTC51 11,eJib HCCJie

,[\OBaHHH, 06'b5ICH5l!OTC5I nay'lHa.H HOBH3Ha If 11ay'IHO-ITpaKTH'lCCKa.H 3Ha'!HMOCTb 

pa60Tbl. KpoMe 3TOro 3,[\CCb OITHCaIIa CTpyKTypa ,[\aIIIIOH ,[\HCCCpTaU,HH, ITpHBe,[\e

Hbl ITy6JIHKa11,1rn, COCTaBHBWHe ee OCIIOBy. 

IlepBaa rJiaBa ITOCB.Hlll,e!la MOTHl!al\llll rrpe,[\CTaBJie1111oro cpH3H'ICCKOro HC

CJIC,[\OBaHH.H, O,[\HOBpeMCHIIO B Heti 3aTp0HYTbl HeKOTOJ)blC acIICKTbl qrn3HKH TOIT

KBapKa, Ba)KHbJe ,[\Jl5l ITOIIHMallH5l ITOCJIC,f\y1orn.ero MaTepHaJia. TaK)KC 3,[\CCb ,[\aeTC5l 

OIT11ca1me 3KCIICpHMeHTaJibHOH ycTaHOBKH. 

YcTaHOBKa CDF ( CM. p11c. 1) npC,[\CTaBJI.HCT co6oi1 y1mKaJibHhiti ,[\CTCKTop, no3-

nonmorn.11i1 IIpOBO,[\HTb HCCJIC,L\OBa!IH}I B llIHpOKOM CITCKTpe 3a,[\a'I cpH3HKH Bb!COKHX 

3HeprHH. Ero cpopMa o6Jia,[\aeT aKCHaJibHOH If )J,BYCTOpOHHei1 CllMMCTpll5IMH. I1Me5l 

pa3MCpbl 15 MCTpOB B ,L\JlllHY ll 10 MCTpOB B 1~HaMCTpe, )J,CTeKTOp BCCHT OKOJIO 

5000 TOIIH. CTOJIKHOBellll5l p Il j5 neo6.H3aTCJibHO ITpOllCX0,[\5lT B 11,CIITpe YCTaHOB

KH. XapaKTepllbJC pa3MCpbl o6JiaCTH CTOJIKIIOBCIIHH nprr6JIH3HTCJ!bll0 COCTaBJI5l!OT 

0.003 CM B ITOITCJ)C'IHOM IIY'IKY 11anpaBJICJIHH H 30 CM B npO)J,OJibHOM. 

~JI.H onHcamrn CDF 11cnoJih3YCTC5l ITpanocTopomrn.H c11cTcMa Koop.1J,rr11aT c na

'JaJIOM B 11,CHTpe ycTaHOBKH. OcH X H y HaITpaBJICHbl ITO ropH30HTaJJH OT u,enTpa 

ycKopHTCJlblIOI'O KOJibU,a H BBepx COOTBCTCTBCJIIIO. HaITpaBJICHHC ITO OCH IIpOTOHIIO

ro IIY'IKa 3a,[\aCT OCb z. TaK;>KC HaMH 6y)J,eT HCHOJlb30BaTbC5l ccpepH'lCCKa.H CHCTeMa 
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P11c. 1: Jlpo,u.oJibHbili pa3pe3 ycTanOBKII CDF (rroKaJana rroJIOB1111a ,u.eTeKTOpa). 

Koop,r1,1maT. Ilo;rnptthiii yroJI 0 OTClfHThrnaeTca: OT ocn i. A3ttMYT ¢ 6y,n;eM ClfHTaTh 

B ttarrpaBJieHHH rrpOTHB lfaCOBOH CTpeJIKll OT OC11 X. qaCTO BMeCTO IIOJI5Ipttoro yr

Jill. 3a,n;aeTca: rrcea,n;o6b1CTpoTa: 'T/ = - ln[tan(0/2)]. KpoMe 3Hepm11 11 llMIIJJihCa 

qacTl!Il,hI (E 11 p) 11crroJih3JIOTC5I rrorrepelfHhie 3Hepma: 1111MIIJJibc: Er= E-sin(0) 

11 Pr= p • sin(0). 

Ilp11113MepeH1111 MaCChl TOII-KBapKa 11CIIOJib3JeTC5I 11mpopMau,11a: OT Tpex OCHOB

Hh!X c11cTeM CDF: TpeKOBoii, KaJiop11MeTp11qecKoii 11 MIOOHHOii. 3a,n;att11e Tp11rrepa 

11 HaKOIIJieHlle ,n;aHHbIX ocy!Il,eCTBJI5IIO'.]'C5I Cl!CTeMOH. c6opa. 

,Ll;JI5I orrpe,n;eJieH115I TpaeKTOpllii 11 HMIIJJlbCOB 3apa:)KeHHblX lfaCTl!Il, IICIIOJib3JeT

C5I TpeKOBblll crreKTpOMeTp, KOTOpblll BKJIIOlfaeT B ce6a: KpeMHlleBhlll M11KpocTpII

IIOBblll ,n;eTeKTOp 11 u,11JI11H,n;p11qecKy10 ,n;peficpoay10 KaMepy (COT), rroMe!Il,eHHhie 

a MarHllTHOe IIOJie ttarrpa:)KeHHOCTblO 1.4 T. 

KaJiop11MeTp11qecKaa: c11cTeMa CDF rrpe,n;na3ttalfetta ,n;Jia: 113Mepett11ii 3HeprII11 

11 KOOp,!1,11HaT rrpOX0,!1,5I!Il,11X lf:aCTl!Il, (3JieKTp0HOB, q>OTOHOB, a,n;poHOB)- ,LI;attttaa: Cll

CTeMa paCIIOJIO)KeHa 3a MarHl!TOM 11 IIOKpbIBaeT, 3a l!CKJIIO'fen11eM tte60JiblIIIIX 

TeXH11lfeCK11X yqaCTKOB, o6JiaCTb 1111 ::; 3.6. B Hee BXO)],HT 3JieKTpOMarH11THbie 11 

a,n;pOHHbie KaJIOpl!MeTphI, KOTOpbie COCT05IT 113 qepe,n;yIO!Il,11XC5I CJIOeB Cil,11HTIIJIJI5I

TOpa 11 rrorJIOTl!TeJia:. CBeTOBOH c11rHaJI, o6pa3JIO!Il,11HC5I B CU,11HT11JIJI5ITOpe IIOCJie 

npoxo)K,n;ett11a: qacT11u,, Clfl!TbIBaeTca: q>oTOJMHO)K11TeJia:M11. KaJiop11MeTpb1 CDF 

pa3,n;eJieHbl na cerMeHThl (6arntt11), IIOJIJlfaIO!Il,lleCH rryTeM JiylfeBhlX rrpoeKU,llll H3 
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TOlfKH nalfaJia KOOp)],l!HaT. LI;ettTpaJibHbie KaJIOp11MeTpbl (1111 ::;1.1) yHaCJie)],OBa

Hbl 113 Run I, Tor,n;a KaK Topu,eBbie KaJIOpIIMeTphI (Ll<l'T/I ::;3.6) pa3pa6oTatthI 

crreu,IIaJihHO ,n;Jia: Run II. 

PacrrOJIO)Kettnaa: 3a KaJIOp11MeTpaMII, MIOOHHaH CllCTeMa Bb!IIOJIJrneT q>yHKI_\HIO 

11)],eHTllq>l!KaU,l!H MIOOHOB. Oua co6paua H3 CU,11HTHJIJI5IU,110HHbIX ClfeTlfllKOB 11 IIJia

napHblX MIOOHHhlX KaMep, COCT05I!Il,11X 113 ,n;pefiq>OBhIX Tpy6oK. C11rHaJihl C Ka

Mep o6pa3yIOT TpeKOBhlll cerMeHT. ,Ll;Jia: - 11)],eHTllq>l!KaU,1111 MIOOHa Tpe6yeTC5I co

OTBeTCTBHe ,n;attttoro cerMeHTa 11 TpeKa OT COT. MaKCl!MaJihnoe BpeMa: ,n;peficpa 

B MIOOHHb!X KaMepax 6oJibWe BpeMeHl! Me)K,n;y CTOJIKHOBeH115IM11 IIJlfKOB, II03TO

MY rrp11 Bbipa6oTKe MIOOHHOro Tp11rrepa )],JI5I accou.nau,1111 MIOOHHOro TpeKa C pp-
B3al!MO)],eficTB11eM )],OIIOJIHl!TeJibHO 11CIIOJih3yeTC5I l!Hq>OpMaU,115! OT CU,IIHT11JIJI5IU,11-

0HHhlX ClfeTlfllKOB. 

CTOJIKHOBeH115I rrpOTOHHOro 11 aHTllIIPOTOHHOro IIJlfKOB Ha T3BaTpOHe rrpo11c

X0)],5IT C lfaCTOTOH OKOJIO 1. 7 Mfu,. CKopOCTb 3a1111c11 )],aHHbIX na JieHThl He II03-

BOJI5IeT 3aII11CbIBaTb Bee 113 3T11X IIOTeHU,llaJibHbIX co6b!T11H II )],l!KTyeT ueo6xo,n;11-

MOCTh oT611paTb ua1160Jiee l!HTepeCHhie 113 Hll_X C TeM, lfTo6hI yMeHblIIl!Tb lfaCTOTY 

IIp11H11MaeMblX co6b!T11ll ,!1,0 75 ru.. 9TOii u,eJil! CJIJ)Kl!T Tp11rrepuaa: Cl!CTeMa. Otta 

BKJIIOlfaeT B ce6a: Tp11 ypOBH5I OT6opa ,n;aHHhIX, lfTO ,n;aeT B03MO)KHOCTb 6oJiee aK

KypaTnoro OT6opa na Ka)K)],OM CJie,ll,YIO!Il,eM ypoatte. 

Ilp11Be)],eHHbie B ,n;anuoii pa6oTe 113Mepeu11a: MaCChl TOII-KBapKa 6bIJI11 BblIIOJI

HeHhl Ha co6b!T115IX, tta6paHHblX C Tp11rrepaMH, Tpe6yIO!Il,11M11 HaJIIIlf115I B co6bITII11 

JieIITOHa C 60JiblII11M rrorrepelfHb!M llMIIJJibCOM. 

Bo BTopoii rJiaBe 3aTpar11BaIOTC5I OCHOBHbie aJirOpl!TMbl peKOHCTPYKU.1111 co-

6b!T11ll 11 BOIIpOCbl MO)],eJI11poBaH115I. TaK)Ke oua co,n;ep)Kl!T OIIl!CaHIIe ,!1,BYX pa3JI11lf

Hb!X MeT0)],0B OT6opa co6b!T11H, KOTOpbie 11CIIOJib30BaJI11Cb B 11p11BO,ll,11MblX pa6oTax 

110 113MepeH11IO MaCCbl TOII-KBapKa. 

B HalfaJie BTopoii rJiaBbl KpaTKO 01111caub1 OCHOBHbie rrp11Metta:eMbie aJirop11T

Mbl KaJI116pOBK11, peKOHCTpyKU,1111 TpeKOB, KJiaCTep113al_\1111. 3aTeM OCBe!Il,aIOTC5I 

BOIIpOCbl M0)],eJI11pOBaH115I, e!Il,e O)],HOro Ba)KHOrO 3Tarra B JII06oM COBpeMeHHOM 

3KCrrep11MenTe. vbMepen11e MaCCbl TOII-KBapKa HeB03M0)KH0 6e3 MO)],eJI11poBaH11a: 

CllrHaJibHblX 11 q>OHOBb!X rrpou.eccoB, a TaK)Ke )],eTaJibHOro MO)],em1pOBaH115I pa60Tbl 

3KCIIep11MeHTaJibHOH ycTaHOBKll. B OIIl!CaHHh!X B ,1.111ccepTau,11H pa6oTax 11CIIOJib30-

BaJI11Cb co3,1.1attnhie KOJIJia6opau,11eii CDF tta6opb1 CIIMYJIHpoBaHHhIX co6hITHfi )],JI5I 

c11rHaJihHb!X 11 q>OHOBb!X rrpou,eccoa. IJ p11 l!X rroJiylfeH1111 IIOCJie reuepau,11II l!CXO)],

Hh!X rrpou,eccoB MO)],eJIIIpOBaJil!Ch OTKJI11KII ,1.1eTeKTOpoB ycTaHOBKll CDF. IlocJie

,ll,YIO!Il,aa: o6pa6oTKa 3TOH 11Hq>OpMau,m-i rrpoBO)],IIJiaCb ITO TeM )Ke aJiropttTMaM, lfTO 
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ll ,11,Jrn 3KCnepIIMeHTaJibHblX ,11,aHHblX. I1cnonh30BaJlllCb TaKIIe reHepaTOpbl co6bI

Tllll KaK HERWIG, Pythia II Alpgen. Mo,11,enIIpOBaHIIe ycTaHOBKII npoB0,11,Hnocb c 

noMOII.l,hIO nporpaMMHoro naKeTa GEANT. 

3aTeM BO BTOpofi rnaBe OnllCbIBaIOTC51 ,11,Ba pa3nWIHbIX MeT0,11,a OT6opa co6bITHi1, 

K0TOpb!e HCn0nh30BaJIHCb B pa6oTax no H3MepeHHIO MaCCbl TOn-KBapKa. TiepBblll 

II3 HHx, ,11,HnenTOHHhifi OT6op (DIL), MO)KH0 Ha3BaTh Tpa,11,HI.1,IIOHHhIM. Ero OT

nwmTenb11oi1 '-lepTOH 51Bn51eTC51 Tpe60Ba11He, '-IT06hJ o6a nenTOl!Hb!X KaH,11,ll,l],aTa 

6hinll 6bJ '-!eTKO ll,l],el!TllCpllI.1,llpOBal!bl KaK aneKTpOH HnH MIOOH. BTopofi MeT0,11,, 

nenTOH-TpeK OT6op (LTRK), Tpe6yeT npHCJTCTBH51 B co6bITllll TOnhKO 0,11,ttoro xo

porno ll,11,eHTllq:>llll,llpOBaHHOro nenTOl!a ( aneKTpOHa Hnll MlOOHa) ll TaK)Ke Hanll'-lll51 

ll30nllp0BaHHOro TpeKa C 6onhIIIllM nonepe'-!I!b!M llMnynhCOM, KOTOpblll npIIHIIMa

eTC51 3a BTOpofi nenTOH. TaKOH no,11,xo,11, yBenII'-lllBaeT '-lllCno CllrHanbllb!X co6hI

THH B 3KCnepIIMeHTanbH0i1 BhI60pKe 3a C'-!eT co6bITlli1, KOr,11,a nenTOH nona,11,aeT B 

111,enh Me)K,11,J KanopIIMeTpaMll ( HnH B MJOOHHOM ,11,eTeKTOpe). Ho C ,11,pyrofi CTOpo

Hbl 3TO o6opa'-!HBaeTC51 66nbIIIllM q:>OIIOM. ,lJ;HnenTOHHa51 ll nenTOH"TpeK BhI6opKH 

nepeKpbIBaJOTC51 TOnhKO '-!aCTll'-IHO. OKono 50% OT BCex co6bJTHi1 BXO,l],51T 0,11,HO

BpeMeHHO B o6e Bb16opKH. TaKHM o6pa3oM, pe3ynhTaThI, nony'-leHHbie Ha DIL- H 

LTRK-Bb16opKax, M0)KHO C'-IIITaTh B3aIIMHO ,11,ononH51IOII.l,IIMII ,11,pyr ,11,pyra. 

O6a MeTo,11,a OT6opa Tpe6yJOT 11aX0)K,1],eHH51 B co6b!Tllll ,11,BYX nenTOHOB C. npo

TllBOnonO)KHb!Mll 3ap51,1],aMll. O,11,HH H3 HllX ,11,on)KeH 6bITb 11 0CHOBHbIM 11 
) T.e. 6b!Tb 

H,l],eHTH<pllI.1,HpoBaHHblM no )KeCTKHM KpIITepH51M, B TO BpeM51 KaK BTOpofi nenTOH 

51Bn51eTC51 II ,11,onommTenbHb!M II ) T.e. ll,1],el!TH<pllll,HpyeTC51 no ocna6neHHb!M KpHTe

pll51M. Tpe6oBaHll51,l],n51 OCH0BHb!X nenTOHOB ll,l],eHTll'-!Hbl B o60IIX MeTo,11,ax, HO pa3-

nII'-!aJOTC51 ,l],n51 ,11,ononHIITenbHb!X nenTOH0B. OcttOBHOH nenT0H o6513aH llMeTb TpeK, 

onpe,11,ejJeHHhifi no ,11,ocTaTO'-IHOMY '-!Hcny TO'-!eK OT COT II KpeMHIIeBoro ,11,eTeKTopa. 

Ilpll onpe,11,eneHHH TpeKa J'-lllTbIBaeTC51 TaK)Ke nono)KeHHe peKOHCTpyIIpOBaHHOH 

BeprnHHhI B3aHMo,11,ei1cTBH51. ,lJ;n51 ocHOBHoro nenToHa Tpe6yeTC51 Er>20 raB. TaK

)Ke OCH0BHOH nenTOH ,11,0n)KeH 6b!Tb ll30nllp0BaHHhIM. cho Tpe6oBaHIIe no,11,pa3y

MeBaeT, '-ITO 06111,a51 nonepe'-!Ha51 3HeprH51 B KaJIOpHMeTpe, 3aKnJO'-leHHa51 B KOHyce 

~R=0.4 BOKpyr TpeKa neITToHa, He npeBhIIIIarra 6b1 6onee '-!eM tta 10% nonepe'-!-

11ym 3Heprmo nenTOHa. OcHOBHbJe aneKTpOHbl npOBep51IOTC51 Ha COBMeCTHMOCTb 

npo,11,onhHOro II nonepe'-!Horo npoq:>Hnefi aneKTpoMarHHTHoro nHBH51 c O)KH,11,aeMhI

Mll npoq:>Hn51MH ,11,n51 aneKTpOHOB. ,l1;n51 OCII0BHbIX MIOOIIOB ,11,0n)Kell 6b!Tb Hafi,11,eH 

COOTBeTCTBJIOII.l,Hll HM TpeKOBblll cerMeHT B MIOOHHbIX KaMepax, a TaK)Ke llX OT

KnHK B KaJIOpIIMeTpe ,11,0n)KeH CO0TBCTCTBOBaTb OTKnIIKY OT MllHHMaJlbHO HOHll-

3Hpy10111,ei1 '-laCTHI.1,bl. 
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,lJ;ononttHTenhHbie nenTOHhI B DIL-oT6ope TaK)Ke npe,11,cTaBn51JOT co6oi1 II,11,eHTII

q:>HI.1,HpoBaHHhie aneKTpOHbl Hnll MIOOHbl c Er>20 raB. B 11,enoM MO)KHO CKa3aTb, 

'-ITO K HllM npIIMeH51JOTC51 TaKIIe )Ke KpllTepHH ll,l],eHTH<pllKaI.1,HH '-ITO ll K OCHOBHb!M 

nenTOHaM, HO npH 3TOM Tpe6oBaHIIe ll30nHpOBaHHOCTll y6HpaeTC51. ,lJ;onommTenb

Hhie aneKTpOHbl onpe,11,en51IOTC51 TOnbKO ,11,n51 11,eHTpaJibl!Oll '-!aCTll KaJIOpHMeTpa. 

,l1;n51 ,11,ononHIITenbllbIX MJOOHOB ocna6nettbl Tpe6oBaJJll51 no •mcny T0'-leK B MIOOII

Hb!X KaMepax. ,lJ;onomrnTenhHbie nenTOHhI B LTRK-MeTo,11,e onpe,11,en51JOTC51 npocTo 

KaK xopoIIIo II3MepeHHhii1 II II30nIIpona1111b1i1 TpeK c 1771<1 II Pr>20 faB/c. TpeK 

C'-IIITaeTC51 II30nIIpOBaHHbIM, ecnII CJMMa nonepe'-!Hb!X IIMnynhCOB coce,11,HIIX Tpe

KOB (KOTOpb!e nona,11,aIOT B KOIIJC ~R=0.4 BOKpyr ,11,a1111oro TpeKa) He npeBbIIIIaeT 

10% OT Pr TpeKa. 

Tio Kpai111ei1 Mepe ,11,Be a,n,pOHl!hie CTpyII ,D,On)Kllbl npIICJTCTBOBaTb B co6bJ-
) 

THII. ,l1;n51 IIX onpe,11.eneHII51 III1J,YTC51 KnacTepbl 3HeproBbI,D,ene11IIi1 B KaJI0pIIMeT-

pe. l13Mepett11a51 nonepe'-!Ha51 attepm51 cTpyII KoppeKTIIpyeTC51 nonpaBKaMH ,11.n51 

3q:>q:>eKTOB HeO,l],HOpO,!].IIOCTII B OTKnIIKe KaJIOpIIMeTpa, ,11.n51 Ml!O)KeCTBCl!l!OCTII pp
B3aIIMO,D,ei1cTBIIi1 B co6h!THH, ,11.n51 a,11.po1111oi1 IIIKanbI 3HeprIIi1 KaJIOpIIMeTpa. I1pll

MeH51JOTC51 cne,11,JIOII.l,IIe KpIITepIIII ,11.n51 a,11,po1111oi1 cTpyH: 1771<2.5 II Er>l5 faB 

(DIL-OT6op) HnII 1771<2.0 II Er>20 raB (LTRK-OT6op). 

E111,e 0,11.IIII Kp11Tep11i1 OT6opa, o6ycnoBneHHblll CIIrHaTypofi ,11.11nenTOl!HblX co-

6b1T11i1, Tpe6yeT 11arr11'-!H51 cy111,ecTBe1111oi1 11e,11.ocTa10111,ei1 nonepe'-!Hofi aHepm11 ET 
B KanopIIMeTpe. ,lJ;ByMepHblll BeKTOp He,!].OCTaI0111,ei1 nonepe'-!HOH 3HeprHII onpe,11.e

n51eTC51 cne,11,JIOII.l,IIM o6pa30M: E~ = - L; E}ni, r,11.e ni - aTo e,11.11HII'-l1Ib1i1 BeKTop 

B a311MyTanbH0i1 nnOCKOCTII, HanpanneHHblll OT nepIIIllllbl B3aIIM0,1],ei1cTBH51 K 11,eH

TPY i-TOH 6aIIIHII KaJI0pIIMeTpa. I1cxo,11.Hoe 3Ha'-!eime He,!].OCTaJ0111,ei1 nonepe'-!HOH 

3HeprIIll C'-IIITaeTC51 Ha 3Tane npe,11.Bap11Tenbl!Oi1 o6pa60TKII C y'-!eTOM 3HeproBbl

,!].eneHIIH B KaJIOpIIMeTpe ( B o6nacTII 1771 <3.6) II C y'-leTOM nono)KeHII51 nepIIIIIHbl 

B3aIIMO,!].ei1cTBH51. Ha 3Tane OT6opa ,11.a1111a51 BeJ!ll'-IIIHa YTO'-IH51eTC51 C J'-leTOM IIM

nynhCOB Hafi,11.eHHhIX B co6hITIIII MIOOHOB. E111,e o,11.11a KoppeKI.1,H51 ,11.n51 ET IIcnonh3J

eTc51, '-IT06b1 y'-!eCTb HeO,!].HOp0,11.Hblll OTKnHK KanopIIMeTpa ,11.n51 a,11.pOHIIbIX CTpyfi. 

O6a OT6opa npIIMeH51JOT Tpe6oBaHIIe ET>25 raB. 

HeonpaB,11.aHno 6onhIIIOe ET MO)KeT B03HHKHJTh npII 1ie,11.0011,euKe ( 11m1 nepe-

011,enKe) aneprIIII a,11.pouuofi CTpy11 IInH nenTOHa. l.J:T06bi yMeHblllIITb q:>OH OT TaKIIX 

co6bITIIi1, o6a MeTO,!].a npIIMCH51JOT ycnOBH51 OT6opa, Tpe6yIOII.l,IIC pa3,!].eneHII51 no 

a3HMJTaJlbHOMY yrny Me)K,11.y nanpaBneHII51MII CTpyfi ( IInII nenTOHOB) II uanpaB

neuIIeM E~. B DIL-oT6ope npH ET<50 faB Tpe6yeTC51, '-IT06b1 ,11.n51 Bcex cTpyfi IInH 

nenTOHOB ~¢>20°, r,n,e ~¢- MIIHIIMaJibllbIH a3IIMJTaJibHblH yron Me)K,11,Y uanpaB-
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nemi:eM (lIJilI o6paTHhIM HaTipaBJieHHeM) ofrbeKTa H E-:. B LTRK-MeTO,n:e 6.¢>5° 

,n:JI51 neTITOHOB. TaK)Ke, ecJIH ET<50 f3B, ucTIOJih3yeTc51 ycnOBue 6.¢>25° ,n:JI51 

a,n:poHHblX CTpyfi. 

O,n:uH U3 OCHOBHhIX BKJia,n:oB B q>OH ,n:aIOT Tipou;eccb1 .I(penn-5IHa ( qij--+ Z f'y* --+ 

ee, µµ). TaKue co6bITli51 He UMeIOT HefiTp!iHO B KOHe'-IHOM COCT051Hlili, T.e. OH!i 

MoryT TipOfiTu OT6op TIO ET TOJihKO Tipu He,n:oou;eHKe ( unu Tiepeou;eHKe) 3Hepruu 

a,n:poHHOfi CTpyu liJlli JieTITOHa. Ilo3TOMY ,n:JI51 yMeHhIIIeHli51 TaKoro q>OHa TipUMe

H51JlliCb ,n:OTIOJIHUTeJihHbie ycJIOBli51 ,n:JI51 co6bITlifi, B KOTOpb!X 3Ha'-leHue liHBapu

aHTHOfi MaCCbi ,n:Byx JieTITOHOB 6JIU3KO K Macce Z-6o30Ha, a UMeHHO, OHO Haxo

,n:uTC51 BHyTpu uIITepBana [76, 106] f3B/c
2

• DIL-MeTO,n: Tpe6yeT, '-IT06hI 3Ha'-!eHue 

BeJIU'-llIHbl JetSign ,n:JI51 TaKUX co6bITlill 6bIJIO 6hI 6oJihIIIe 8 . .I(aHHa51 BeJili'-lliHa 

oTipe,n:eJI51eTC51 cne~IOIII;UM o6pa30M: 

ET 
JetSign ~ ✓ . Ej. !![, 

I:J r ~T 

(1) 

3,n:ecb cyMM!ipOBaHue TipOBO,n:UTC51 TIO CTPY51M, HaTipaBJieHHbIM B Tiepe,n:HIOIO TIOJIY

cqiepy OT E--:,. B ornu'-lue OT DIL-MeTO,n:a neTITOH-TpeK o-r6op TipocTO y)KeCTO'-!aeT 

Tpe60BaHue TIO ET ,n:JI51 TaKHX co6b1THfi: ET>40 f3B. 

DIL-MeTo,n: ,n:oTIOJIHHTeJihHO Tpe6yeT, '-IT06b1 BeJili'-IUHa Hr, paBHa51 cKaJI51pHofi 

cyMMe Pr neTITOHOB, Ei a,n:poHHhIX cTpyfi u ET, 6bIJia 6b1 6oJibIIIe 200 f3B. 

OcHOBHble q>OHOBbie Tipou;ecCbI, KOTOpbie Heo6xo,n:HMO Y'-lliTbIBaTh TIPli TIOJIY7 

'-!eHUli q>li31i'-leCKliX pe3yJibTaTOB Ha 3TliX BbI60pKaX, - 3TO rrpou;ecChl .I(peJIJI-5lHa 

(qij--+ Z/1* --+ ee, µµ, TT), 11 JIO)KHhie 11 co6b1TU51, a TaK)Ke ,n:u6030.HHOe po)K,n:eHue 

(WW, WZ, ZZ) . .I(anee B ,n:uccepTau;uu KpaTKO oxapaKTepu3oBaHhI 3Tli Tipou;ec

ChI. 

CpaBHeHIIe ,n:uJieTITOHHOfi Ii JieTITOH-TpeK BbI60pOK TIPli HaKOTIJieHHbIX ,n:aHHbIX, 

COOTBeTCTBYIOIII;liX liHTerpaJibHOfi CBeTUMOCTli ~350 TI6-
1

, Tipe,n:cTaBJieHO B Ta6-

JlliLI;e 1 [5]. DIL- H LTRK-Bb16opKu coBMeCTHO BKJIIO'-!aIOT B ce651 55 co6bJTufi, u3 

KOTOpb!X 24 co6b!TlI51 BXO,n:51T o,n:HOBpeMeHHO B o6e Bb16opK!i, '-ITO COOTBeTCTByeT 

TiepeKpbITUIO 44%. 
TpeTh.H rJiaBa co,n:ep)KlIT OTIHCaHue lICTIOJlh3yeMOH MeTO,n:UKli lI3MepeIIU51 lI 

,n:eTaJili lI3MepeHli51 MaCCbl TOTI-KBapKa, BblIIOJIHeHHOro Ha ,n:uJieTITOHHOfi BbI6opKe. 

3,n:ech OTiliCbIBaIOTC51 TIOJiy'-!eHHe q>yHKI.l;lill TIJIOTHOCT!i Bep051THOCTli ,n:JI51 curHaJib

HblX lI q>OHOBblX co6bITUfi, TeCTbl Tipou;e~pbl li3MepeHU51, OTipe,n:eJieHHOfi Ha oc

HOBe ,n:aHHblX q>yHKLI;lifi, pe3yJihTaThl q>UTa ,n:aHHblX Ii ou;eHKlI B03MO)KHblX CliCTe

MaTU'-leCKliX TIOrpeIIIHOCTeil. li3MepeHU51. TaK)Ke TIPHBO,n:51TC51 KpaTKUe OTIUCaHU51 
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DIL LTRK 

l1nTerpa.JJbHall CBeTIIM0CTb 340 116-1 360 n6-l 

tt 15.7±1.3 19.4±1.4 

qij-+ Zh* -+ 1+1- 5.5±1.2 8.7±3.3 

"JlO)KHble 11 co6b!Tllll 3.5±1.4 4.0±1.2 

,Il.116030Hbl 1.6±0.3 2.0±0.4 

CyMMapHhlii ¢011 10.5±1.9 14.7±3.6 

O,Kll,D;aeMoe 'IIICJI0 co6b!Tllii . 26.2±2.3 34.1±3.9 

Ha6mo.n;aeMoe 'IIICJI0 co6b1T11ii 33 46 

Ta6JI111.1,a 1: l1HTerpa.JJbHal! CBeTIIM0CTb, 0)1(1!,D;aeMoe co.n;ep,KaH11e CIIrlla.JlbHblX II qJOHOBbIX co-

6h1Tllii, Ha6mo.n;aeMoe 'IIICJI0 co6b!Tllii ,D;Jlll ,Ll;l!JiellTOHH0ii II JieIIT0H-TpeK Bb16opoK. O;,1rn.n;aeMOe 

'!IICJI0 CllrHa.JJbHbIX co6b!Tllll II0Jiy'!eHo B npe,n;n0JI0,KeHl!II ceqeHl!ll p0,K,D;eHllll tf-napbl paBI!blM 

6.1 n6 II MaCCbl T0II-KBapKa paBH0ii 178 f38/c2. 

,n:pyrux cyiu;ecTByIOIII;HX MeTo,n:uK, cpaBHeHue MeTo,n:oB Me)K~ co6ofi, ux pe3yJih

TaTbI Ii o6iu;a51 ou;eHKa MaCCbl TOTI-KBapKa, TIOJiy'-leHHa51 ofrhe,n:uHeHUeM ,n:aHHbIX 

pe3yJibTaTOB. B KOHLI;e rnaBbl 1Ip0BO,n:UTC51 o6cy)K',n:eHue pe3yJibTaTOB. 

CaMO li3MepeHue BblIIOJIH51eTC51 TIO MeTo~ IIIa6JIOHOB. Ilpu liCTIOJib30BaHlilI 

HeKOTOpblX ,n:OTIOJIHUTeJibHblX Tipe,n:TIOJIO)KeHufi TipOBO,n:UTC51 KUHeMaTU'-leCKa51 pe

KOHCTpyKLI;li51 co6b1Tufi c u;eJibIO TIOJiy'-leHU51 TiepeMennofi ( ou;enoqnofi TiepeMennofi 

liJlli 3CTUMaTOpa), l'.IMeIOiu;efi Hau6oJihIIIYIO KOppeJI51LI;li!O C li3Mep51eMOfi BeJIU'-lli

HOfi. Ha OCHOBe CliMYJI!ipOBaHHb!X co6b!Tlifi TIOJiy'-!aIOT q>yHKI.l;lili, OTiliCbIBaIOIII;He 

q>OpMy pacnpe,n:eJieHU51 liCTIOJib3YeMofi ou;eHO'-IHOfi uepeMeHHOfi TIPli pa3JIW!Hb!X 

3Ha'-!eHU51X li3Mep51eMofi BeJili'-lliHbl ,n:JI51 ClirHaJibHbIX co6b!Tlifi. TaK)Ke 0Tipe,n:eJI51-

eTC51 q>yHKI.l;li51, OTiliChIBaIOIII;a51 q>OpMy pacupe,n:eJieHU51 q>OHOBblX co6b!Tlifi. 3na

qenue li3MepeHHOH BeJIH'-lliHbl COOTBeTCTByeT MaKCliMYMY q>yHKI.l;lili TipaB,n:ouo,n:o-

6u51, O!Ipe,n:eJI51IOIII;efi Bep051THOCTb Ha6n10,n:eHli51 3KCTiepHMeHTaJibHOfi BhI6opK!i na 

OCHOBe IIOJIY'-!eHHhlX q>yHKI.l;lill. 

Ilpu peKOHCTpyKLI;lili co6b!Tlifi c ,n:uJieTITOHHOfi CHrnaTypofi Mb! upe,n:TioJiaraeM 

Tipou;ecc, B KOTOpOM t- Ii t-KBapKH UMeIOT TIOXO)Klie u;eTIO'-!Kli pacTia,n:oB: 

tt--+ w+b + w-b--+ t+vb + (-v'b. (2) 

3,n:ech cuMBOJI l cooTBeTcTByeT 3JieKTpony unu MIOony: l = e, µ. 

,I(JI51 aHaJIU3a ,n:oCTYTIHbl HanpaBJieHU51 Ii BeJili'-lliHbl 3Heprufi (uMTIYJibCOB) JieTI

TOHOB Ii CTpyfi. Bo3MO)KHO OTipe,n:eJIUTb ,n:ByxMepHblfi BeKTOp BHeKJiaCTepHofi 3Hep-
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nm (U Ex,u EY): 

U Ex= L Ei · sin(0i) • cos(¢;) 

i 

U EY = LE; • sin( 0;) • sin(¢;). 

(3) 

3,LJ,eCb cyMMIIpOBam,e ITpOBO,D,HTCB ITO cerMenTaM KaJiopIIMeTpa, :rneprOBbI,LJ,eJie1me 

B KOTOpb!X He CBB3aHO C II,LJ,eHTIIq>HIJ;HpoBaHHblMII B co6b!THII JieITTOHaMII II CTpyB

MII. 3aITmueM BeKTOp I-Ie,LJ,OCTmoui;efi ITOITepe'IHOfi :rnepmII (E/,E/) CJie,LJ,yIOIIJ;IIM 

o6pa3oM: 

tr= - I:Ef - I:EJ- uEx (4) 
l j 

$} = - I: Ef - L EJ - u EY. 
l j 

11H,LJ,eKC l COOTBeTCTByeT JieITTOHaM B co6b!TIIII, IIH,LJ,eKC j ,D,JIB CTpyfi. 

,[(orrOJIHIITeJibHO ITPII peKOHCTPYKIJ;IIII co6hITIIfi Mb! ITpe,LJ,ITOJiaraeM, 'ITO ,LJ,Be 

CTpyII C HaII60JiblllIIMII Er COOTBeTCTBYIOT b-KBapKaM OT. pacrra,LJ,OB t- II t-KBapKOB. 

ITpII 3TOM Mb! ,LJ,OJI)KHbl 6paTb B pac'!eT o6a BapIIaHTa COOTHeceHIIB b-KBapKOB II 

Ha6JII-O,D,aeMb!X CTpyfi. 

0ITIIIIIeM IICITOJib3yeMhifi HaMII ,D,JIB II3Mepemrn PHI-MeTO,LJ, (Neutrino ¢ Weigh

ting Method). KIIHeMaTII9ecKaB peKOHCTPYKIJ;IIB co6bITIIfi rrpoxo,D,IIT KaK rroIIcK 

MIIHIIMyMa X2-q>yHKIJ;IIII. B X2 
MO)KHO BbI,D,eJIIITb ,D,Be 9aCTII: 

2 2 2 
X = Xres + Xconstr· (5) 

ITepBblfi 'IJieH CBB3aH C 3KCITepIIMeHTaJibHOfi Hllq>OpMaIJ;IIefi: 

2 2 (P} - P})2 2 (Pf - Pf )2 (U Ei - U Ei)2 
Xres = L 1 2 + L j 2 + L i 2 

l=l IJ Pr j=l IJ Pr i=x,y IJ U E 

(6) 

3,LJ,eCb ITepBaB cyMMa ITO JieITTOHaM B co6hITHII, BTOpaB 110 ,LJ,BYM CTPYBM C HaI160Jib

IIIIIMII Er. TpeTbB cyMMa 03HaqaeT cyMMHpOBaI!He ITO XII y COCTaBJIBI-OIIJ;IIM. (J~r' 

rJir II rJb E 3a,LJ,aI-OT T09HOCTH II3MepeHIIfi. 3HaKOM THJib,D,a OTMeqeHbI I:13MepeHRbJe 

BeJIH9IIHbl. CBB3lI ITpIIHHMaIOTCB BO BHIIMaune B X~onstr: 

(m1JvJ - Mw) 2 + (m12v2 - Mw) 2 + (mjJIJvJ - mt)2 + (mht2v2 - mt)
2 

qv qv fF fF 
(7) 

2 -
Xconstr -

3,D,ech Mw paBHO Macce W-603011a. KoHcTaHTbI rw II ft Y'IHTbrnaI-OT urnpnHbI 

pacITa,D,OB w II TOIT-KBapKa. ITepeMeHHaB mt COOTHOCHTCB C Maccofi TOIT-KBapKa. 

IO 

l13-3a HaJIII'IIIB ,LJ,Byx HefiTpIIHO 9IICJIO rrepeMeHHb!X ITpeBbIIIIaeT Ha e,D,HHIIIJ;Y 

'IIICJIO CBB3efi. -C.fro6hI C,LJ,eJiaTb B03MO)l{Hb!M q>IIT, HaM Hy)KHO OITpe,D,eJIIITb eui;e 

KaK MIIHIIMYM ,D,Be rrepeMeHHbie. ,[(JIB 3TOro q>IIKCI:!pyIOTCB 3Ha'!eHIIB ¢VJ II ¢V2. 
TaKIIM o6pa30M' Mb! y)Ke He MO)KeM ,LJ,OBOJibCTBOBaTbCB O,Ll,HHM pe3yJibTaTOM MII

HIIMI:13aIJ;I:II:I. MHO)KeCTBO B03MO)l{Hb!X 3Ha9eHIIfi (¢VJ, ¢V2) OITpe,D,eJIBeT MHO)KeCTBO 

B03M0)KHblX MIIHIIMYMOB (KOI!q>Hrypaii;IIiJ:), KOTOpbie HY)KHO 6paTb B pacqeT. ,[(o

lIOJIHIITeJibHYI-0 IIHq>OpMaIJ;HIO ITpe,D,CTaB.irneT co6ofi 3HaqeHIIe x2 ,D,JIB KOH<pl:lrypa

IJ;III:1. cho 3Ha'leime OITpe,LJ,eJIBeT ee rrpaB,D,OITO,D,06HOCTb II I:ICITOJib3yeTCB ,l],JIB 3a,D,a

HIIB Beca. ITpn MIIHIIMI:13aIJ;IIII x2 
BapbnpyI-OTCB CJie,D,yI-OIIJ;IIe rrepeMeHHbie: mt, p~1, 

V2 plJ pl2 piJ pi2 UEX UEY K Pz ' r' r' r' r' ' . aK JierKO BI:l,LJ,eTb, TPII ITepBble rrepeMCHHbie 

BBJIBIOTCB CB060,LJ,Hb!MII rrapaMeTpaMH, B TO BpeMB KaK OCTaJibHbie orpaHII9eHbl 

CBB3BMII B x;es· HarrpaBJieHIIB BbIJieTa JieIITOHOB II b-KBapKOB ITpIIHIIMaI-OTCB paB-

Hb!MII H3MepeHHb!M II He BapbIIpyI-OTCB. J 

,[(ocTaTO'IHO orrpe,D,eJIIITb MHO)KeCTBO KOHq>IIrypaii;nfi ,D,JIB KBa,D,paI!Ta (0 < ¢VJ < 
7f' 0 < ¢v2 < 7f). ,[(JIB 3TOro KBa,LJ,paHT pa36HB~eTCB Ha 12 X 12 qacTefi. B Ka)K,D,Ofi 

qacTII OITpe,LJ,eJIBeTCB T09Ka, Ha KOTopofi II Bb!IIOJIHBeTCB MIIHIIMII3aIJ;IIB. TaKIIM 

o6pa30M, BCero Mb! ITOJiy'laeM 1152 KOHq>IIrypaIJ;IIII Cijk II COOTBeTCTBYIOIIJ;IIX IIM 

XTik (i = 1, 12; j = 1, 12; k = 1, 8). 3,D,ecb C orrpe,D,eJIBeTCB KaK 9-KoMrroueHTHbifi 

BeKTOp: 

C _ ( VJ V2 plJ pl2 piJ ph UEX UEY) = mt,Pz ,Pz, r, r, r, r, ' · (8) 

,[(JIB Ka)K,D,Ofi T09KII Mb! BbJ6IIpaeM C C HaIIMeHblllIIM x2• T.e. ,l],JIB ,D,aJibHefiIIIero 

aHaJIII3a 6epyTcB 144 KOHq>IIrypaii;IIII C;j II cooTBeTCTBYIOIIJ;IIX XTi (i = 1, 12; 
j = 1, 12). Ka)K,LJ,Ofi II3 144 KOHq>I:lrypaii;IIfi ITPIICBaHBaeTCB Bee corJiaCHO ee x2: 

w;i ~ exp(-x;i/2). (9) 

ITpn Bbl9lICJieHIIII BeCOB ,Ll,OITOJIHIITeJibHO Tpe6yeTCB, 9T06bI cyMMa BeCOB Bcex KOH

q>nrypaii;nfi 6b1Jia paBHa 1: I;ij w;1 = l. ,[(JIB BbI9I:ICJieHHB oii;eH09HOfi ITepeMeH

HOfi Mb! 6y,D,eM lICITOJib30BaTb MaCCbl m)1. Bo3MQ)KH0 ITepeoITpe,D,eJIIITb Bee ,l],JIB 

m;1, Y'IIITbIBaB HaCKOJibKO ,D,amrnB Macca COOTBCTCTByeT Han6oJiee BepOBTHOMY B 

co6bITI:IH 3Ha•1e11mo : 

w;i = {:ii 
W(m~i) < DL 

W(m!1) > DL. 
(10) 

3,D,ecb W(m!1) - cyMMapHhifi Bee B 6nHe, B KOTOpb1fi ITOITa,D,aeT mt YpoBeHb ,D,HC

Kp11M1rnaii;1rn DL paBeH 30% OT MaKCIIMaJibHoro 3Ha'!eHIIB W(mt). Haum TeCTbI 

Ha c11MyJI11poBaHHbIX co6bITHBX TIOKa3aJIII, 9TO TaKofi BbI6op ,D,JIB DL Ha1160Jiee 
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OIITHMaJieH ITO OTHOIIIeHHIO K 0)KH)].aeMOH: CTaTHCTW-IeCKOH: orrrn6Ke. Ou;eHO'IHa5I 

rrepeMetttta5I mrec orrpe)].eJrneTC5I KaK cpe)].ttee B3Bernettttoe rroJiy'IeHHhIX Mace: 

I ij 
Lijwii. mt 

mrec = Lij w;j 
(11) 

ITyCTb ls(mreclMt, o:) - q:>yHKLI;H5I IIJIOTHOCTH Bep05ITHOCTH )].JI5I rrepeMeHHOll: 

mrec B tl-co6bITH5IX rrpH Macce TOII-KBapKa Mt. BeKTop o: eCTb tta6op rrapaMeTpOB, 

KOTOpbie 3a)].aIOT ls. AuaJIOrH'IHO, lb ( mrec j,B) ecTb q:>yHKLI;H5I IIJIOTHOCTll Bepo5ITHO

CT11 mrec )].JI5I q:>OHOBbIX co6b1T11ll:, orrpe)].eJI5IeMa5I tta6opoM rrapaMeTpoB ,B. I1crroJib-

3Y5I ClIMYJillpOBaHIIbJe co6bJT115I, Mb! MO)KeM ou;ettHTb 3Ha'!eH115I HaIIIlIX rrapaMeTpOB 

O:o, ,Bo BMeCTe C HX KOBapttaHTHb!Mll MaTpttu;aMll u lI V. 3a)].aB 11x, B03M0)KH0 

orrpe)].eJIHTb q:>yHKLI;lIIO rrpaB)].OII0)].06115! £(Mt, n., nb, o:, ,B) CJie)].yIOILI;lIM o6pa30M: 

£ = £shape • Lbackgr • Lparam, (12) 

J.:, = e-(n,+nb) • (ns + nb)N . ITN ns · ls(m~eclMt, o:) + nb · lb(m~ecl,B) 
shape NI + , 

. n=l ns ,nb 
(13) 

Lbackgr = exp(-(nb - ng)2 
20-2 ), 

ng 
(14) 

Lparam = exp{-0.5[(o: - o:ofu-
1(0: - o:o) + (,B - ,BofV-1(,B - ,Bo)]}. (15), 

3)].eCb N - 'IHCJIO co6bJTlIH: B 3Kcrrep11MeHTaJibHOH: BbJ6opKe, ns lI nb 3a)].aIOT O)KH

)].aeMbJe KOJill'IeCTBa )].JI5I CllrHaJibHblX 11 q:>OHOBbIX co6bJTlIH:. l1p11 3TOM 0)1(11)].aCMOe 

'IlICJIO q:>OHOBbIX co6bITlIH: (ng) 113BeCTHO C TO'IHOCTb!O a-ng• 
TaKlIM o6pa3oM, 11a1160Jiee Bep05ITHa5I Macca TOII-KBapKa Mtop MO)KeT 6bITb 

Hall:)].eHa KaK MaKClIMYM q:>yHKLI;lIH rrpaB)].OII0)].06H5I (12). Orn116K11113MepeHml e+ lI 

e- ou;e1111Ba!OTC5I KaK BeJIH'IlIHbl lIHTepBaJIOB crrpaBa 11 CJieBa OT Mtop, Ha KOTOpbIX 

q:>yHKLI;H5I - In(£) yBeJill'IHBaeTC5I Ha 0.5. 3aMeTlIM, 'ITO KpOMe CTaTlICTll'-ICCKlfX 

rrorpeIIIHOCTefi orn116K11 e+ lI e- Y'IHTbJBaIOT Heorrpe)].eJieHHOCTll )].JI5I ns, nb, o:, ,B. 
,ll;aJiee rrp11B0)].5ITC5I )].eTaJill 113MepeHH5I Macchi TOII-KBapKa, Bbll10JIHettHoro PHI

MeTO)].OM Ha )].lIJieIITOHHOH: BbI60pKe [1,2,5, 7,8] 3,IJ,eCb OII11CbJBaIOTC5I IIOJIY'ICJJHe 

cpyHKLI;HH: IIJIOTHOCTll Bep05ITHOCT11 mrec )].JI5I CHrHaJibHb!X 11 q:>OHOBb!X co6bJTHll:, 

TeCTbl rrpou;e)].ypbl 113MepeHH5I, orrpe)].eJieHHOfi Ha OCHOBe )].aHHbIX q:>yHKLI;llfi, pe-

3YJibTaTbl q:>HTa )].aHHb!X )].JI5I BbI6opK11 rrp11 lIHTerpaJibHOfi CBeTlIMOCTll 340 rr6-
1 

11 ou;eHKll B03M0)Kllb!X ClICTeMaTll'IeCKlIX rrorpeIIIHOCTell: 113MepeH115I. 
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Pe3yJihTaTbl q:>11Ta )].aHHb!X rrp1me)].e1Ibl B Ta6JI11u;e 2. 9Kcrrep11MeHTaJibHOe pac

rrpe)].eJiett11e 0LI;eHO'-IHOH: rrepeMeHHOH: mrec II Bil)]. IIOJiy'IeHHOH: q:>yHKLI;HH rrpaB)].0-

IIO)].Oforn IIOKa3aHbl Ha p11cyuKe 2. 

C11cTeMaTH'IeCKa5I OIIIII6Ka rrp11 H3MepeHHH B03HHKaeT H3-3a 11eorrpe)].eJieHHO

CTell: q:>OpMbl CIIrHaJibHbIX II q:>OHOBbIX pacrrpe)].eJieHHH:. ,ll;aHHbie Heorrpe)].eJieHHO

CTII B CBOIO O'-!epe)].b 5IBJI5IIOTC5I CJIC)].CTBHCM rrorpeIIIHOCTell: rrapaMeTpOB, IICIIOJib-

3yeMb!X IIplI rettepau;mr Ha6opoB CIIMYJIIIpOBaHHblX co6bJTlIH:. ,ll;pyroll: rrpII'-IIIHOH: 

MoryT 6b!Tb HerrpaBIIJibllbJe rrpe)].IIOJIO)KCIIII5I 33.JIO)Ke!IllbJe rrpH MO)].CJIHpOBaHHH 

HCKOTOpbIX rrpou;eccoB H3-3a HC)].OCTaTO'IHOro IIX IIOHHMaHH5I. 

HaMH 6bJJia Bb!IIOJIHeHa ou;ettKa 'IYBCTBilTCJibHOCTH H3MepeHH5I K BJIH5IHHIO HMe

lOILI;HXC5I B MO)].CJIIlpOBaHHil Heorrpe)].eJieHHOCTell:. ,ll;JI5I 3TOro HCIIOJib30BaJiaCb CJie

)].y!OILI;a5I rrpou;e)].ypa. 11pu reuepau;HH Ha6opa CHMYJIHpOBaHHb!X co6b!TlIH H3Me

H5IJIC5I COOTBCTCTBYIOILI;Illl: rrapaMeTp Ha O)].HO CTaH)].apTHOe OTKJIOHeHHe B 60JibIIIYIO 

IlJIIl MCHbIIIYIO CTOpotty, IlJill BBO)].HJIOCb aJibTepttaTHBHOe rrpe)].IIOJIO)KeHHe. Ha oc

HOBe )].aHHOro ua6opa IIOJiyqaJIOCb pacrrpe)].eJieHHe mrec, COOTBeTCTBYIOILI;ee HOBOMY 

3Ha'IeHHIO rrapaMeTpa HJIIl HOBOI'i rHIIOTe3e. Otto· 6paJIOCb )].JI5I reuepau;mr co6bJ

TlIH: B rrceB)].03KCrrepHMCHTax, 113MepettHe MaCCbl B KOTOpblX rrpOBO)].IlJIOCb C Ha

IIIell: q:>yHKLI;Hell: rrpaB)].OII0)].06H5I ;:, . Pa3HHLI;a MC)K)].y MC)].HaHaMH pacrrpe,IJ,eJICHilH 

BOCCTaHOBJICHHbIX Mace )].JI5I CJiyqaeB Il3MCHCHHOro rrapaMeTpa ( aJibTepuaTHBHOH 

rHIIOTC3bl) lI ero rrpHH5ITOrO 3Ha'ICHil5I ( OCHOBHOH: rHIIOTe3bl) 6paJiaCb )].JI5I ou;eHKH 

BJIIl5IH115I Ha Il3Mepettue )].aHHOH rrorpeIIIHOCTII. Ou;eHKil B03M0)KHb!X ClICTeMaTH

'-ICCKHX rrorpeIIIHOCTeti rrpe)].CTaBJieHbl B Ta6JIHLI;e 3. HaIIIa ou;euKa )].JI5I 3Ha'-!eHII5I 

o6iu;ell: ClICTeMaTH'-ICCKOll: rrorpeIIIHOCTil 113MepeHH5I COCTaBHJia 4.0 rsB/c2 (KBa)].

paTH'-!Ha5I cyMMa 3Ha'IeHHH: B Ta6JI. 3). 

TaKHM o6pa3oM, rrpHMCH5I5I PHI-MeTO)]. K )].HJierrTottuoll: Bb16opKe sKcrrep11MeH

Ta CDF, 6b1Jia H3Mepetta Macca TOII-KBapKa. Pe3yJihTaT cocTaBHJI (ttttTerpaJihtta5I 

CBCTIIMOCTb 340 rr6-l ): 

Mtop = 169.7~i:~ (cTaT.) ±4.0 (cIICT.) rsB/c
2 = 169.7 ± 9.8 rsB/c2• 

HaJIIl'-!He HCCKOJibKilX 3q:>q:>eKTHBHbIX MCTO)].IlK Il3MepeHH5I OTKpbmaeT )].OIIOJI

HlITCJibllbie B03M0)KH0CTil rrepe)]. 3KCIICplIMCHTaTopaMH. 11pe)K)].C Bcero, rrpoBepKa 

11a COBMeCTIIMOCTb pe3yJihTaTOB, IIOJiy'IeHHb!X pa3Hb!MH MCTO)].aMII, o6ecrre'IHBa

eT 6oJihllIYIO )].OCTOBepHOCTb Il3MepeHH5I. KpoMe 3Toro, KOM6HHIIPY5I pe3yJibTaTbI, 

MO)KIIO IIOJIY'IlITb ropa3)].0 JIY'IIIIYIO ou;ettKy H3Mep5IeMoll: BCJIIl'IHHbI, 'ICM 3TO MO

)KCT C)].eJiaTb JI106oti OT)].CJibHO B35ITbill: MCTO)].. l13Mepetttta5I PHI-MeTO)].OM Macca 

TOII-KBapKa IlCIIOJib30BaJiaCb B o6'be)].HHCHHH co 3Ha'ICH115IMH, IIOJIY'ICHHb!MII )].By

M5I ,IJ,pyrttMH MeTO)].aMH [5]: NWA (Neutrino TJ Weighting Method) u KIN (Full 
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Bb16opKa 
T.Iuc,10 co6b!T11ii 33 
O)lrn,,'],ae~!Oe 'IHC,10 qJOHOBbIX co6b!TIIII, n:XP 10.5 ± 1.9 
Pe3yJihTaTbl <pHTa ,n;aHHblX 

T.IncJIO CllrHaJibHhIX co6bITIIII, n. 24.4 ± 5.9 
T.IucJIO qJOHOBhIX co6b!T11ll, nb 10.0 ± 1.9 
l\Iacca TOII-KBapKa, M1op 169.7:!Jg 

Ta6m11-1a 2: XapaKTepHCTIIKII 3KCIIepuMeHTaJihHOII BbI6opKH II pe3yJihTaTbl qJIITa ,n,aHHhIX. 

6 

N:' 5 
;.:: 
~ 4 
= 
~3 

= It 
la;l 2 

CDF ~unll Preliminary (340 pb-1) 

Constrained nt 

~ 
,:l, 
1 

c:::J Data (33 ev.) 
c:::J Si!Jlal+Backgr. 
c:::;;J Backg-. 

O 100 150 200 250 300 350 
Reconstructed mass (GeV/c2

) 

P11c. 2: <l>11T ;'.\aHHbIX. r11CTorpaMMa IIOKa3hIBaeT pacrrpe,n,eJie1111e Ol..\eHO'IHOII rrepeMeHHOli m,ec 

,n,m, 33-x co6b!TIIII ,'\IIJICIITOHHOII BbI60pKII. 3anITp11XOBaHHhie o6JiaCTII COOTBeTCTBYIOT uepe

HOpMllpOBaIIIILI~I na 'IIIC,10 co6LITIIII (cM. Ta6. 2) cpyHKI.\IIHM IIJIOTHOCTII aepOHTIIOCTII BeJill'III

Hhl m,ec ,D,JIH <pOHa II cyMMhl Cl!rHaJia 11 <pOHa. Bo BCTaBKe IIOKa3aHa 3aBIICIIMOCTh cpyHKl.\1111 

- ln(.C/ .Cmax) OT MaCCbl TOII-KBapKa. I13Mepc1rnaH Macca M,op COOTBeTCTByeT MIIHIIMYMY ,n,a11-

HOII cpyHKl.\1111. Ou1116K11 H3~!epeHIIH e+ 11 e- Ol..\eHHBalOTCH KaK BeJIH'IIIHhl llHTepBaJIOB crrpaaa 

ll CJieBa OT 1111op, 11a KOTOpbIX <pyHKI.\IIH - ln(.C/ .Cmax) yaeJill'IIIBaeTCH Ha 0.5. 
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ITapaMeTp (rrpol..\ecc) Ourn6Ka a pe3yJihTaTe (r3B/c2) 

illKaJia 3Hepruii ,D,JIH CTpyii 3.5 
illKana 311epruii ,D,JIH b-cTpyii 0.7 

re11epaTop co6b1Tnii 0.7 

CTpyKTYPHhie cpyHKl.\llll 0.6 
l13Jiy'le11ne B Ha'!aJihHOM COCTOHHIIII 0.6 
lfaJiy'leHl!e B KOHe'IHOM COCTOH!lllll 0.4 

cf>opMa rna6JI011a cpOHa 1.5 

Bcero 4.0 

Ta6JIHl.\a 3: T.IyBCTBHTeJihHOCTh pe3yJihTaTa 113MepeHHH K rrorpernHOCTHM IICIIOJib3YeMblX rrapa

MeTpOB ( rrpe,D,IIOJIO)KeHIIII). 

Kinematic Analysis). NWA-MeTO,[\ rrpttMemmcR Ha LTRK-Bhr6opKe co6brTHii (ttH

TerpaJihHaR cBeTttMOCTh 360 i:I6-1), B TO Bpe~R KaK KIN-MeTO,[\ ncrroJih3OBaJICR Ha 

DIL-Bhr6opKe (ttHTerpanbHaR CBeTHMOCTh 340 rr6-1). ,LI:anee B ,[\ttccepmu;nn rrpn

BO,[\RTCR KpaTKHe OIIHCaHH51 3THX MeTO,[\HK, cpaBHeHtte MeTO,[\OB Me)K,[ly co6oii, 

IIOJiy<IeHHhie C HX IIOMOILI;b!O pe3yJibTaTbl ll pe3yJibTaT 061>e,[\ttHeHH51. B pe3yJih

TaTe 061>e,[\ttHeHttR tt3MepeHttii, BhIIIOJIHeHHhIX NWA-, KIN- n PHI-MeTo,[\aMn Ha 

DIL- n LTRK-Bb16opKax (cM. Ta6. 4), rronyqeHa cJie,[\yIOtu;aR ou;eHKa ,[\JIR Macchi 

TOII-KBapKa: 

Mtop = 170.1 ± 6.0 (cmT.) ±4.1 (cttcT.) f3B/c2 = 170.1 ± 7.3 f3B/c2. 

MeTo,n; Pe3yJihTaT (r3B / c2) Koppem1q1rn Bee 
NWA KIN PHI 

NWA 170.7!t~ (cTaT.) ±4.6 (cncT.) 1.00 (1.00) 0.14 (0.32) 0.25 (0.40) 47% 
KIN 169.5!~:~ (cTaT.) ±4.0 (c11CT.) 1.00 (1.00) 0.35 (0.46) 38% 
PHI 169.7!i:g (cTaT.) ±4.0 (cl!CT.) 1.00 (1.00) 15% 

Ta6JIHl.\a 4: 311aqemrn MaCChI TOII-KBapKa, 110Jiyqe1mh1e NWA-, KIN- 11 PHI-MeTo,n,aM11, CTaT11-

CTI1'IeCK11e ( 061I.\HC) KOppeJIHl.\1111 Me)K,'ly HIIMII II aeca ,n,aHHhlX 3Ha'!e1111ii B KOM6111tal..\llll. 

,LI:aHHb!H pe3yJibTaT rrpeBOCXO,[\llT ITO TO°IIIOCTH rrpe,[\bl,[\ytu;He ou;eHKH, IIOJIY'feH

Hbie Ha ,[\HJieIITOHHhIX co6brTHRX B Run I: 167.4 ± 10.3 ( CTaT.) ±4.8 ( cncT.) f3B / c2 

(CDF, Phys. Rev. Lett. 82, 271 (1999)) tt 168.4± 12.3 (cmT.) ±3.6 (cttcT.) f3B/c2 

(D0, Phys. Rev. Lett. 80, 2063 (1998)). 

CpaBHHM Harn pe3yJibTaT C ou;eHKOH MaCCbl TOII-KBapKa OT Hatt6onee TO'-1-

Horo rrptt TOM )Ke ypOBHe HaKOIIJieHHb!X ,[\aHHbIX ll3MepeHH51, Bb!IIOJIHeHHOro B 

nerrTOH-CTpyn Kanane na CDF rrpn HHTerpanbHOii CBeTttMOCTH 318 rr6-1: Mtop = 
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173.5~t~ (cTaT.) ±1.3 (cncT.) raB/c2 (Phys. Rev. Lett. 96, 022004 (2006)). CoB

na,11,eH11e B npe,11,enax onrn6oK 011,eH0K MaCCbl T0n-KBapKa, nony'IeHHb!X B pa3Hb!X 

Kananax, no3B0JI5IeT c,11,enaTb Ba)KHbifi BbIB0,11, o cornac1rn co CTan,11,apTnofi Mo

,11,eJibIO C0CTaBa HCCJie,11,yeMb!X BbI6opoK II 06 0TCYTCTBHH npH3HaK0B H0B0H q>H3H

KH. BMeCTe C TeM Heo6xo,11,HMO 0TMeTHTb ,11,0B0JibH0 6oJibIIIIIe onrn6KH H3MepeHHfi, 

na1160JibIIIefi H3 K0T0pb!X 5IBJI5IeTC5I CTaTHCTH'IeCKa5I OIIIH6Ka pe3yJibTaTa B ,11,HJien

T0HH0M Kanane. ilpH HaK0nJieHHH 6oJibIIIero 'IHCJia ,11,aHHb!X B Run II B03M0)KH0 

npoBepHTb cornacne co CTaH,11,apTHOii: Mo,11,eJibIO Ha H0B0M ypoBHe T0'IH0CTH. 

B "<JeTBepToii rJiaBe 0nHCbIBaIOTC5I pe3yJibTaTbl HCCJie,1],0BaHHH BapHaHT0B 

pa3BHTH5I PHI-MeTo,11,a. Ha 0CH0Be 3THX 11ccne,11,0BaHHfi 6bma npe,11,JI0)KeHa M0,ll,H

q>HKall,H5I MeTo,11,a, n03B0JllIBIIIa5I yMeHbllIHTb Ha ~20% no cpaBHeHIIIO C npe,1],bI,11,y

Ill,efi MeT0,11,IIKOH Q)Kll,1],aeMyIO CTaTHCTH'IeCKYIO OIIIH6Ky H3MepeHHH. ,lJ;aHHOe yny'I

IIIeHIIe 6b!JIO ,11,0CTIIrHyTo nyTeM y'IeTa B x2-q>yHKll,HOHaJie, HCn0Jib3yeM0M npII Bbl

'IHCJieHIIH 011,eH0'IH0H nepeMeHH0fi, 3aBIICIIM0CTII IIIIIpIIHbl pacna,11,a T0n-KBapKa OT 

ero Maccb1. Mo,11,Hq>Hll,HpOBaHHbifi PHI-MeTo,11, 6b1JI ycneIIIH0 npHMeHeH ,ll,JI5I II3Me

peHH5I MaCCb! T0n-KBapKa Ha JienT0H-TpeK BbJ6opKe (IIHTerpaJibHa5I CBeTHM0CTb 

2.9 ¢6-
1
). ,lJ;aHHa5I rnaBa TaK)Ke co,11,ep)KIIT ,11,eTaJIII aToro II3MepeHII5I. B K0Hll,e 

rnaBbI npoB0,ll,HTC5I 06cy)K,11,eHHe nony'IeHHbIX pe3yJibTaToB. 

llIHpIIHa pacna,11,a T0n-KBapKa npIIHHMMaCb n0CT05IHHOH BeJIII'IHH0H B (7), II, 

TaKHM o6pa30M, ee 3aBHCHM0CTb OT MaCCbl He IICn0Jib30BaJiaCb npII Bbl'IlICJieHHII 

011,eH0'IH0H nepeMeHH0H. HaMII lICCJie,1],0BaJI0Cb, HaCK0JibK0 y'IeT ,11,aHH0H 3aBII

CIIM0CTII M0)KeT YJIY'IIIIHTb T0'IH0CTb ll3MepeHII5I. ,lJ;JI5I 0nHCaHII5I pacna,1],0B W~ 
6o30HOB II T0n-KBapK0B B X~onstr 6bIJIH B35ITbI pacnpe,11,eneHII5I BpefiTa-BHrttepa: 

X~onstr = -2-ln['.PBw(m11111IMw,fw)]-2·ln['.Pnw(m12112IMw,fw)] (16) 

- 2 • ln['.PBw(mj1!iv1lmt, ft)] - 2 • ln['.PBw(m1212,,2lmt, ft)]. 

3,11,ecb '.PBw - pen5ITIIBHCTCKoe pacnpe,11,eneHIIe Bpeii:Ta-BHrttepa: 

1 
'.PBw(minvlM, f) ~ (mrnv - Af2)2 + Af2f2 

IIpu 3T0M ft 5IBJI5IeTc5I q>yHK11,IIefi mt: 

GF 3( M¼ 2 Mfv ft(mt) = 1n mt 1 - - 2 ) (1 + 2-2 ), 
8v 21r mt mt 

(17) 

(18) 

r,11,e G F - K0HCTaHTa <l>epMII. IIocKOJibKY mt u ft nepeMeHHbie B X~onstr, Mb! He 

M0)KeM onycTHTb H0pMHp0B0'IHbIH 'IJieH ,1],J151 (17) npII Bbl'IlICJieHIIH 0TH0C5III~HXC5I 
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K pacna,11,aM T0n-KBapK0B 3-ero 11 4-oro CJiaraeMb!X B (16). YcJIOBHe H0pMHp0BKH 

3a,11,aeTC5I CJie,11,yIOIIl,HM o6pa30M: 

J '.PBw(minvJM, f) • dminv = Const. (19) 

OTCI0,1],a M0)KH0 noJiy'IHTb CJie,11,yIOIIl,ee Bb!pa)KeHHe ,1],J15I '.Pnw: 

'.PBw(minvlM, f) = (m? _ Af2)2 + M 2f 2 
mv 

M2f 
(20) 

TaKoe pacnpe,11,eneHue ,11,enaeT MeHbIIIHe mt 6onee npe,11,n0'ITHTeJibHbIMH npn ¢11-

Te. TaK)Ke paCCM0TpHM 3,1],eCb ,11,pyroe Bb!pa)KeHHe ,1],J15I '.Pnw, npH K0T0p0M TaKoe 

BJIH5IHHe Ha q>HT HCKJIIO'IaeTC5I! 

M2f2 

'.Pnw(minvlM, f) = (m? _ Af2)2 + Af2f2 ' 
mv 

(21) 

Onpe,11,eJIHB ,11,Ba Bbipa)KeHH5I ,ll,JI5I '.PBw, MbI nony'IHJIH ,11,Ba B03M0)KHbIX x2 
(5) 

c nepeonpe,11,eneHHbIM cornacHo (16) X~onstr· Hall! x2 
c '.PB\v KaK B (20) 6y,11,eM 

o603Ha'IaTb x;. ,l];JI5I x2 
C '.PBw KaK B (21) HCn0Jib3yeM CHMB0JI X~- O'IeBH,ll,I-10 

C00TH0IIIeHHe: 

x; = X~ + 4 • ln(ft) + 4 · ln(fw ). (22) 

3aMeTHM, 'ITO B cnyqae x; pe3yJibTaT q>HTa C00TBeTCTByeT Ha116onee Bep05IT

H0MY K0He'IH0MY C0CT05IHHIO 'IaCTHll,, K0T0poe M0)KeT 6b!Tb npe,11,cTaBJieH0 B BH,11,e 

T0'IKH 9-MepHoro q>a30BOro np0CTpaHCTBa BapbHpyeMb!X nepeMeHHb!X. Jly'IIIIefi 

011,eHKOH ,1],J15I MaCCbl T0n-KBapKa ,11,0JI)KHa 6b!Tb Ha116onee Bep05ITHa5I Macca, K0TO

pyIO M0)KH0 onpe,11,eJIHTb KaK MaKCHMYM cne,11,y10II1,efi q>yHKll,lfll: 

'.P(mt) = J exp[-0.5. x;] . dp~1dp~2dP~dP~dP?1dPj,2dU Exdu EY. (23) 

M11HHMH3HPY5I X~, Mb! nonyqaeM KOHq>11rypa11,HH c Maccofi mt 6JIH3KOfi K HaH-

6onee Bep05ITH0H Macce. cho np0HCX0,1],HT H3-3a HMH'IH5I ,11,onoJIHHTeJibH0ro no 

cpaBHeHHIO c x; CJiaraeMoro -4 · ln(ft)- B TO )Ke BpeMH CT0HJI0 6b! Q)KH,1],aTb, 

'ITO x; 0Ka)KeTC5I 6onee 3q>q>eKTHBI-lb!M npII OT6ope H B3BeIIIIIBaHHH KOHq>Hry

pa11,ufi, T.K. 3,1],eCb Mb! ,11,0JI)KHbl Y'IHTb!BaTb Bep05ITH0CTH noJiy'IeHHb!X K0He'IHb!X 

COCT05IHHH. 

Mb! cpaBHHJIH 'IeTb!pe CTpaTerHH noJiy'IeHH5I, OT6opa If B3BeIIIHBaHII5I KOHq>H

rypall,HH. O,11,Ha H3 HUX B T0'IH0CTH n0BT0p5IeT HCX0,11,HYIO MeT0,11,HKY, TPH 0CTaJib

Hb!e npe,11,cTaBJIHIOT co6oii: BapuaHTbl C M0,11,Hq>Hll,HpOBaHHb!M x2 
( CM. Ta6JI. 5). 

[o6•i,e,[(HHei7ca11H m1eTHT)'":' 

!iAeDHLlX HCCTTCAOB6Hll~ 
I • ' ~.,.. r-.--. T-1 f ,i .---..rn·r;, f /' /\ 



O)lrn,n;aeMaR CTaTHCTil'IecKaR onm6Ka, nony'ICHHaR lf3 6onhll10ro 'IIICna ncen,n;o-

3Kcnep1IMeHTon, 1Icnonh3onanach ,n;nR onpe,n;eJieHIIR ny'III1efi CTpaTer1I1I. IlonyqeH

Hhie 3Ha'Iemrn nplI pa3nlI'IHhIX IICXO,il;Hh!X Maccax TOn-KnapKa ,n;nR nccne,n;yeMhIX 

CTpaTernfi qrnrn, OT6opa II B3BeII11IBamrn KOHqrnrypa~IIH nOKa3aHhl Ha p1IC. 3. KaK 

3TO BII,il;HO II3 pncyHKa, Han6onee OnTHManhHaR CTpaTCrHR COOTBeTCTByeT napnaH

TY, o6o3Ha'IeHHOMY KaK "Case C" B Ta6n. 5. B 3TOM cnyqae MhI MO)KeM O)KH)];aTh 

ynyqII1eHne OKOno 20% ,n;nR CTaTHCTH'IeCKOH OII11I6K1I Il3MepeHIIR no cpaBHeHHIO 

c ncnonh3yeMbIM paHee no,n;xo,n;oM ("Case O" B Ta6n. 5). Hcxo,n;R lf3 3Toro, HaMn 

6hrn B3RT napnaHT "Case C" ,n;nR nplinO)KeHHR K 3KcnepnMeHTanhHhIM ,n;aHHhIM 

B Il3MepCHilll MaCChl TOn-KnapKa. 

Bap11a11T lfcrroJJb3YeMhiii x2 

')fl O60311aqe1111e rrpn qmTe rrpn oT6ope 11 

B3B ernnBaHl!II 

1 Case 0 KaK B rJJaBe 3 
2 Case A x~ x~ 
3 Case B x; x~ 
4 Case C x~ x; 

Ta6J111u,a 5: PaccMaTpl!BaeMbie BapnaHTbl II0JJy'!eHirn, OT6opa II B3BernnBaHl!H KOHqmrypau,nii. 
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Puc. 3: O)Kl!,11,aeMaH CTaTl!CTll'leCKaH Olll1!6Ka npn pa3JJll'!Hb1X IICX0,!1,IlblX Maccax T0II-KBapKa 

,11,JlH 4-x CTpaTernii q>IITa, OT6opa II B3Bellll!Balll!H KOllq>lll'ypau,nii (cM. Ta6JJ. 5). 

OT,n;enhHhIH pa3,n;en 'IeTnepTofi rnaBhI nocnm~eH nccne,n;onaHHIO B03MO)KHO

CTH yny'IillllTh pa3peII1eHIIe MeTo,n;a nyTeM BBe,n;eHIIR ,n;nR b--KnapKOB cne~nanhHhIX 
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Tpa11ccpep-cpyHK~lfH, n03BOnR!Otu;IIX ,il;CTaJihHO on1ICaTh CBR3h Ha6n10,n;aeMhIX Il ne

peMeHHhIX Ha napTOHHOM ypoBHe. IloKa3aHO, ncnonh30BaHne TpaHccpep-<pyHK~IlH 

He npHBO,il;IlT K Otu;yTlfMOMY yny'IilleHHIO B pa3peII1eHilll MeTo,n;a. Ha6n10,n;aJIOCh 

TOnhKO He6onhll10e ( ~ 1 % ) yMeHbilleHHe nenH'IllHhl Q)Klf)l;aeMOH CTaTIICTlf'IeCKOH 

OII11I6Klf. 

,Il;anee nplIBO,il;RTCR ,n;eTaJilf II3MepeHIIR MaCChl TOn-KnapKa, BhIIIOJIHeimoro MO

,il;II<plI~IIponaHHhIM PHl-MeTO,il;OM Ha nenTOH-TpeK BhI6opKe (mITerpanhHaR CBeTlf

MOCTh 2.9 ¢6-1) [3,4,10,11,12]. 3,n;ecb OnlIChIBaIOTCR nony'IeHIIe <PYHK~IIH nnoT

HOCTII BepORTHOCTlf ,n;nR ClfrHaJihHhIX II <pOHOBhIX co6bITIIH, TeCTbl npo~e,n;yphl lf3-

MepeHHR, onpe,n;eneHHOH Ha OCHOBe ,n;aHHhlX <PYHK~IIH, pe3ynhTaThl q_JlfTa ,n;aHHhlX 

II o~eHKil B03M0)KHhIX CIICTeMaTII'IeCKlfX norpeillHOCTeH II3MepeHIIR. Pe3ynhTaThl 

H3MepeHIIR npline,n;eHhI B Ta6n1I~e 6. 8Kcncp1IMeHTaJihHOe pacnpe,n;eneH1Ie o~e

HO'IHOH nepeMeHHOH mrec II BII,il; nony'IeHHOfil<pyHK~IIII npan,n;ono,n;o61IR nOKa3aHhl 

Ha pHCYHKe 4. O~eHKlf B03MO)KHhlX CIICTeMaTII'IeCKIIX norpeillHOCTeH npe,n;cTaB

neHhI n rn6n1I~e 7. TaKIIM o6pa3oM, nplIMemrn MO,il;lf<plf~IIponaHHhIH PHl-MeTO,n; K 

nenToH-TpeK Bh16opKe sKcnep1IMeHTa CD F, 6b1Jra 1I3MepeHHa Macca TOn-KnapKa. 

Pe3ynhTaT COCTaBIIn (liHTerpaJibHaR CBeTlfMOCTh 2.9 ¢6-1 ): 

Mtop = 165.5::J~ (cTaT.) ±3.1 (clICT.) rsB/c2 = 165.5~!:~ raB/c2. 

Ilo cpanHeHIIIO C npe,n;hI,il;ytu;IIM II3MepemrnM Ha ncnTOH-TpeK BhI60pKe ( Mtop 

170.7~~:~ (cTaT.) ±4.6 (clICT.) rsB/c2, CM. Ta6. 4)' ,n;aHHhIH pe3ynhTaT nony'IeH Ha 

3Ha'IIITenhHO 6onhll1efi CTaTIICTIIKe If cyru;ecTneHHO npeBOCXO,il;lfT ero no TO'IHOCTII. 

IlonyqeHHOe 3Ha'IeHIIe MaCChl TOn-KnapKa cornacyeTCR C pe3yJihTaTaMII ,n;pyrlIX 

1Iccne,n;onaH1IH ,n;HnenTOHHhIX co6b1T1IH B aKcnep1IMeI1Tax CDF II D0. CpanHeHIIe 

II3MepeHHOH nenlI'IIIHhl C o~eHKaMH, nony'ICHHhIMII B ,n;pyrlIX KaHanax, He noKa-

3i,rnaeT KaKoro-n1I60 CTaTIICTII'ICCKII 3Ha'IIIMOro OTKnOHCHIIR, 'ITO n03BOnReT c,n;e

naTh 3aKnIO'ICHHe o cornaclIH ,n;aHHhIX co CTaH,n;apTHOH Mo,n;enhIO II 06 oTcyTCTBlflf 

npli3HaKOB HOBOH q>II31IKII. 

3aKmoqe1rn:e co,n;ep)KIIT OCHOBHhie pe3ynhTaThl ,il;IICCCpTa~IIOHHOH pa60Thl: 

1. Co3,n;aHO nporpaMMHOe 06ecne'IeH1Ie, no3non1IBII1ee nplIMCHIITh B Run II PHI

MCTO,n; ,n;nR II3MepeHIIR MaCChl TOn-KnapKa Ha ,n;nnenTOHHOH BhI60pKe 3Kcne

p1IMCHTa CDF. A IIMCHHO, no,n;roTonneH KOMnneKc nporpaMM, ocyru;ecTnnR-

10ru;1Ix OT6op, KIIHCMaTII'ICCKlfH q_JIIT co6b!TIIH If Bhl'llfCJIR!Otu;IIX o~eHO'IHYIO 

nepCMCHIIYIO mrec· Ilpone,n;eH pR,n; lfCCne,n;oBaHIIH, n03BOnlIDII11IH onTIIMII31I

ponaTh MeTO,il;IIKY II3MepeHHR: Hai1,n;eH BII,il; Ha1I60Jiee 3qJ<pCKTlfBHOH <PYHK~IIII 

npan,n;ono,n;o61IR II onpe,n;eneH Ha11ny'III11Ii1 cnoco6 nony'IeHIIR o~eHO'IHOH ne

peMCHHOH lf3 pe3ynhTaTOB KIIHCMaTII'ICCKOro q>IITa. 
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Bb16opKa 
1-lttCJIO co6b(Tllii 

9;1rn,11,aeMoe quCJio q>oHOBhIX co6b1Tuii, n:xp 

Pe3yJihTaTbl qnITa ,n;aHHhlX 

1-lttCJIO CllrllaJihllhlX co6b1Tllii, n, 
lfttCJIO q>OHOBhlX COfihlTllll, nb 
Macca Torr-KaapKa, Mtop_ 

328 
145.0 ± 17.3 

181.4!~g 
146.l!~tJ 
165.5!i:i 

Ta6JIHl.\a 6: lfaMepeH11e Macchi T0II-KBapKa Mo,11,11cf>111.\11poaaH11h1M PHI-MeTo,11,oM Ha JieIITOH-TpeK 

BhlOOpKe. XapaKTepllCTIIKII 3KC11ep11Mel!TaJihH0ii Bhl60pKII II pe3yJihTaThl q>11Ta ,D;aHHhlX. 
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80 .. ~ 
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Constrained flt ,u-7 ;:, 
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I .,,I 160~,. ·165 ' ' ' .. 
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c= Qata (328 ev.) 
~ tt+background 
- Background 
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Reconstructed mass (GeV/c2) 

P11c. 4: I13MepeH11e MaCChl T0II-KBapKa MO,!l;llq>Hl.\llpOBaHHh!M PHI-MeT0,11,0M Ha JieIIT0H-TpCK Bhl-

6opKe. <l>11T ,D;aHHhIX. f11cTorpaMMa H0Ka3hJBaeT pacrrpe,11,eJieH11e Ol.\eHoqttoii rrepeMeHHoii m,ec 
Ml! co6b1Tllii JieIIT0H-TpeK Bb16opK11. 3aKparneHHble o6JiaCTII CO0TBeTCTBYJOT 11epeH0pM11poBaH

llhlM Ha q11CJI0 co6b1Tllii ( CM. Ta6. 6) <PYHKl.\lll!M IIJI0TH0CTII BepOl!Tl!0CTII BeJillqllHhl m,ec ,!];Jill 

q>OHa II cyMMhl CllrHaJia II <f>ona. Bo BCTaBKe 110Ka3ana 3aBIICIIMOCTh <PYHKl.\1111 - ln(..C/ ..Cmax) 

OT MaCChl T0II-KBapKa. I13MepeHHal! Macca J.,ftop C0OTBeTCTByeT MIIHIIMYMY ,D;aIIH0ii <PYIIKl.(IIII. 

Orn116K11 113MepeHllll e+ II e- Ol.\eH11BaJOTCl! KaK BeJI11q11Hhl IIHTepBaJI0B cnpaBa II CJiesa OT Aftop, 

Ha K0T0phlX q>yHKl.\llll - ln{..C/ ..Cmax) YBeJI11q11saeTCl! Ha 0.5. 
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IlapaMeTp (npol.\ecc) Orn116Ka B pe3yJihTaTe {f3B/c2) 

IIIKaJia 3Heprnii Mll cTpyii 2.9 
IIIKaJia 3Heprnii Ml! b-cTpyfi 0.4 

IIIKaJia 3Heprnii Ml! JieIITOHOB. 0.3 
feHepaTOp C06hITIIIl 0.2 

I13Jiyqemie B HaqaJihH0M 11 _KOHeqHQM C0CTOl!Hlll!X 0.2 
CTpyKTYPHhie <f>y11Kl.(1111 0:3 
Ilpoq>HJih CBeTUM0CTII 0.2 

CTpyKTypa q>oHa 0.5 
<l>opMa rna6JI011a 11JI0)KHhlX 11 co6b1Tllii 0.4 

<l>opMa rna6JioHa npol.\eccoa ,LJ:peJIJI-5IHa 0.3 
Bcero 3.1 

Ta6JI111.\a 7: I13Mepem1e Macchl-TOII-KBapKa MO,!l;Hq>lll.\llposa11HhIM PHI-Mero,11,oM Ha JieIIT0H-TpeK 

Bh16opKe. 1-lyBCTBIITeJibHOCTh pc3yJihTaTa 113MepeHllll K rrorpeIIIIIOCTl!M IICII0J!h3yeMhlX rrapaMeT

poB ( npe,D;IIOJIO)KeH11ii). 

2. BrrepBhJe B Run II Ha CDF COBMeCTHO c Ko.irneraMJI II3MepeHa Ha ,[\JIJierrTOH

HhIX co6h!TII.HX Macca TOIT-KBapKa. Pe3yJihTaT rrp11 IIHTerpaJihHOit CBeTJIMOCTII 

340 rr6-l COCTaBJIJI: 

Mtop = 170.1 ± 6.0 (cTaT.) ±4.1. (c11cT.) f3B/c2 = 170.1 ± 7.3 f3B/c2, 

3. IIpoBe,[\eHO HCCJie,[\OBaHHe pa3JIJiqHhIX BapHaHTOB MO,[\JiqmKau,1111 OCHOBaHHOit 

Ha KHHeMaT11qecKoM q>JITe rrpou,e,[lyphI orrpe,[1eJiett11.H ou,ettoqttoit rrepeMeHHoit. 

I1oKa3aHO,· qTO yqeT 3aBHCHMOCTH rrmpHHhl pacrra,[\a TOIT-KBapKa oT·ero Mac

Chi I103BOJI.HeT yMeHhIIIHTh rrpHMeptto Ha 20% 0)KH,[laeMyIO CTaTHCTHqecKyIO 

OIIIH6Ky H3MepeHH.H. Ha OCHOBe rrpoBe,[\eHHhIX HCCJJe,[\OBaHHit rrpe,[\JIO)Ketta 

MO,[IHq>HKau,11.H PHI-MeTo,[la. 

4. BrrepBhie rrpn COBpeMeHHOM ypoBHe ttaKOITJieHHhIX ,[\aHHhIX H3MepeHa Macca 

TOIT-KBapKa Ha nerrTOH-TpeK Bh16opKe 3Kcrrep11MeHTa CDF. Pe3yJihTaT, rrony

qetttthiit c · rroMO!Il,hIO MO,[\Hq>11u,11poBaHHoro PHI-MeTO,[\a rrp11 HHTerpanhHOit 

CBeTHMOCTH 2.9 ¢6-1, COCTaBHJI 

Mtop = 165.s~t~ (cTaT.) ±3.1 (cHCT.) f3B/c2 = 165.5:'.:Jg f3B/c2. 
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