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ApTUKOB A. H 1p. P1-2017-76
Vu crue OUAU B sxcnepumente CDF

I HH g p OOT oOCBeIll €T pe3ylabT Thl, HOJMyYeHHbIe TpyMIoi coTpyanukos OSSN
B MpPOTp MMe HccienoB Hu H T9B TpoHe B Fermilab. Ilpu p Gore H MomepHU3M-
poB HHOM gerekTope CDF (Run II) i Bueiii  kuent rpymmnsl OUSM Geut cnen H
H ¢usuke Ton-kB pK . [pynmn w3 OUAU npuauM 71 KTHBHOE y4 CTHE B H JlM3e
1 HHbIX aKkcniepuMeHT CDF, B 4 CTHOCTH B U3MEPEHUSAX M CCHI TOI-KB PK B JHJIe-
NTOHHOU M JIENTOH-CTPYHHOW MO X, M3MEPEHUH 3 DSl TON-KB PK , IIOMCKe 0030H
Xwurre . I'pynm  OUSIM BHecn pemn 1omwmid BKJ 1 B p OOTY MOACHUCTEMBI CLIMHTHII-
JSIUMOHHBIX CYETYNKOB MI0OHHOTO Tpurrep CDF, Tpurrep H OCHOBE KpEMHHEBOIO
BEPIINHHOTO JETEKTOP JUIsl OTOOp COOBITHI CO BTOPHYHBIMH BEPIIMH MU U NPEKOH-
BEPTOp 3JIEKTPOM THUTHOIO K JIOPUMETp . I'pynm y4 CTBOB J1 B CO31 HUHU, MOZEp-
HU3 IIMU U 3KCIUTy T UM CHUCTEMbl CUMHTWIIILMOHHBIX CYETYMKOB, CO3 J1 on-line
cUcTeMy KOHTPOJISl 3 HMX I p MeTp MM mid obecriedeHus: a(hpeKTUBHOI p OOTH H
a1 e Run II. P 6ot corpyaankoB OMAU BBICOKO OIlEHEH MEXAyH POIHOM KO -
6op mmeit CDF.

P 6or Bemonnen B JI Gop Topum spepHbIx mpobiem um. B.II. Ixxeneros
OHusN.

IMpenpunt O6GbeIUHEHHOTO UHCTUTYT SAEPHBIX HcciefnoB Huil. Jy6H , 2017

Artikov A. et al. P1-2017-76
Participation of JINR in the CDF Experiment

Participation of the JINR group in the research at the Tevatron, Fermilab, is
described. In their work on the upgraded CDF Run II detector, the emphasis was
placed on top-quark physics. The JINR group took an active part in the analysis of
the CDF data, specifically in measuring the top quark in the dilepton and lepton—
jet modes, measuring the top-quark charge, and searching for the Higgs boson.
The JINR group made a decisive contribution to the operation of the scintillation
counter subsystem of the CDF muon trigger and a solid contribution to the trigger
based on the vertex silicon detector for selection of events with secondary vertices
and to the electromagnetic calorimeter preconverter. The group participated in the
construction, upgrading, and operation of the system of scintillation counters and
developed a system for the on-line monitoring of their parameters to ensure their
effective operation in Run II. The work of the JINR scientists was highly appreciated
by the international CDF collaboration.

The investigation has been performed at the Dzhelepov Laboratory of Nuclear
Problems, JINR.

Preprint of the Joint Institute for Nuclear Research. Dubna, 2017
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BBEAEHHUE

Y4 cTHe B McclieoB TeNbCKOW MPOrp MME T®B TPOH 1 JIO OECLEHHBIH OIBIT
corpynauk M OMSIH Bo Bcex CHEKT X MCCenoB HHA (PU3UKU BBICOKUX DHEPIHA,
T KUX K K: KOHCTPYKIMSI M AW3 WH JIETeKTOp ; OOCIYXHB HHE CHCTEM W YIp -
BJIeHHE COOPOM JI HHBIX B YCJIOBHSIX BBICOKOW CBETHMOCTH; K JIMOPOBK ~CJIOXHbBIX
CHCTEM JIETEKTOPOB, BKJIIOY $I K JIOPUMETPHI; IMOJIydeHHe W oO0p OOTK BBICOKO-
CKOPOCTHBIX [TOTOKOB IEPBUYHBIX J| HHBIX; MHOTOUYMCIIEHHBIE MOIEIIUPOB HUS Me-
togoM MoHTe-K pro U KOHEYHBI H JM3 J HHBIX Ul HOIYYEHUS XeJ eMbIX
(hu3nveckux pe3ynpT TOB.

JI HHBIE C MPOTOH- HTUIIPOTOHHOIO YCKOPUTENd T3B TPOH C OHEpPruei
1,96 ToB 4BnAI0TCA UCTOUHMKOM IPUHLMIIN JIBHO B XHBIX (DU3UYECKHUX PE3YyiIbT -
toB. [Iporp MM Fermilab oxB ThIB 1 00JbIIOE KOTHIECTBO (PU3MIECKHUX 3 I U,
BKJIIOY § IOMCK U U3YYE€HHE CBOMCTB TOI-KB PK (f-KB pK ), IOMCK HOBBIX U CTHII
U SIBJIEHUH C y4 CTHEM TSXeNbIX c-, b-, t-kB pkoB. [Ipu p Gore H MoAepHU3M-
pos HHOM zerektope CDF (Run II) rn BHbI  Kuent rpynmel OUSIU 611 cen H
H ¢usuke ¢-kB pk . I'pynn u3 OUAM npunuM 1 KTHBHOE y4 CTHE B H -
mu3e (pusndeckux A HHbIX aKcnepuMeHToB H CDF, B U CTHOCTH B M3MEpeHUIX
M CChl t-KB PK B JWIEHTOHHOM U JIENTOH-CTPYHHOU MOJ X, U3MEPEHUU 3 Pl
t-xB pK . OTnenpHBIE COTPYOHUKH NPHHUM JIM Y4 CTHE B H JIM3€ JI HHBIX IpU
noucke 6030H Xwurre .

X p KTepHOI uyepToil OOJIBIIMHCTB HCCIENOB TEIBCKUX IPYII, p 60T [omux
H CDF, 6110 obecnieuenne 3(heKTUBHON P OOTbI, BKJIIOY 51 IPOTP MMHbIII KOH-
TPOJIb T KHMX MOJCHUCTEM, [Jie€ MHTEIJIEKTY JIbHBIA W/WIM M TEpU JIbHBIA BKJ 1 KO-
M HJIBI SBJISIETCS JOMUHHPYIOLIMM WM oueHb B XHbIM. [pynnn OUAU BHecn pe-
Il FOIMH BKJI A B p OOTYy T KMX IOICHCTEM IETEKTOpP , K K CHMHTHUISILNOHHbIE
cueryuky MioooHHoro tpurrep CDF; Tpurrep H OCHOBE KpPEMHUEBOIO BEPIIMH-
Horo getekrop (SVT-tpurrep) mwis oT60p COOBITHIA CO BTOPUYHBIMU BEPILMH MU
U NIPEKOHBEPTOP 2JIEeKTpoM THHUTHOrO K jopumerp (CPR2). I'pynmm y4 cTBOB 11
B MOIEPHM3 LIUM U 3KCIUTY T LUHM CHUCTEMbI CLUHTHUIILUOHHBIX CUYETYUKOB, CO-
31 J1 CHCTeMy KOHTpPOJISl 3 HUX II p MeTp MU mid obecniedenus OecriepeboitHoi
p 6oter H a1 me Run II. B roo ps sddextuBHOil p 60Te MIOOHHOTO TpPHUITEP
u TpUITep Ui OTOOp COOBITHI CO BTOPMYHOM BEPIIMHOM BBIOJHEHO OOJbIIOe
KOJIMYECTBO (PM3MYECKUX MCCIENOB HUI U MOJTy4eHbI B XKHbIE (PU3NYECKHE Pe3yib-
T Thl. AKTUBHBIM OBUIO Y4 CTHE B CO3I HUH U nomiaepxke p 6otel SVT-tpurrep ,
C TIOMOIIBI0 KOTOPOTO CENI H psifi OTKPHITHIA B 0011 cTH hu3uku B-me30HoB. Koi-



1 6op uueit CDF ormeuen Gompimoii Bk a rpymiist OMAN B 06HOBIEHHE TTIPEKOH-
BEpTOp 3JEeKTpPOM THUTHOro K jopumerp . C momeHT BBOx jgerektop CDF B
DKCIUTY T LU0, H psity ¢ p 6oroit ¢uzukos OMSU B K yecTBe 9KCrepToB 10 00-
CIIy’XMB HHIO BBIIIEH 3B HHBIX JETEKTHPYIOLINX CHCTEM, CTOHT OTMETUTh y4 CTHE
COTPYOHUKOB TPYIIIBI B K YeCTBE IT BHBIX oriep TopoB (Ace shifter) mo xoHTpoOIIO
H I BCell YCT HOBKOM, YTO MPEAIOI T JIO OTPOMHYIO OTBETCTBEHHOCTDb U JIET JIbHOE
3H HHE BCEU COBOKYIIHOCTHU AETEKTUPYIOIIUX U BcrioMor TenbHbIX cucteM CDEF.

I HHBIN 0030p — cBoero pox uror no Bki Ay rpynmnsl OMSIN B uccneno-
B TEIbCKYIO IIPOrp MMy H T3B TpoHe. Kp Tkoe omuc Hue T3B TPOH U JAETEK-
top CDF npuBeneHo B nepsoM p 31esie. BTopoil p 30en MOCBAIIEH ONUC HUIO
CBOWCTB {-KB PK , B HCCJIE€IOB HUSAX KoTopsix rpynn u3 OUAU mpunum 1 y9 -
ctue. B TpeTseM p 3mene Kp TKO MpeAcT BIEHBI MOIy4eHHBIE Pe3YyJabT ThI IO MO-
UcKy 6030H Xurrc H T®B TpoHe. B yerBeproM omuc H BKJI A rpymist OWSIA
B CO3l HUE, MOIEPHU3 LHUIO U moauepxX Hue p 6otsl moacucreMm gerektop CDF.
3 KJIIOYEHHE U CHHCOK JIUTEP TYPHI MIPEICT BIIEHBI, COOTBETCTBEHHO, B KOHLIE P -
6otel. Heobxomumo ot™eTnth, uTo ponb rpymmsl OMSN O6buT  BRICOKO OliCHEH
MeXIyH pouHoil kot 6op uueit CDF.

1. T9BATPOH U JETEKTOP CDF

CTpoHTENBCTBO MPOTOH- HTUIPOTOHHOTO YCKOPUTENS (KOJUT HIep ) T®B TPOH
(Tevatron) 6bu10 3 BepiieHo B 1983 r. [lepBbie CTOJIKHOBEHHUS MTPOTOHOB C HTH-
OPOTOH MU TpousBeaeHbl B 1985 r. M3H 4 JbHO ®HEprus H JET IOMUX 4 CTHIL
B CHCTEME LEHTP M CC cOCT BI1 /s = 1,8 TeB. ]I jiee B XOfle MOIEPHU3 -
LUK ®TO 3H 4YeHHe GbUTO HOBemeHO mO /s = 1,96 TsB. IIMKOB 51 CBETHMOCTS
B4-10%2 cm=2-¢c7! 6p1 mocturnyr B 2010 1.

YckoputenbHblii Komiuieke Fermilab npeact Brsin co60ii COBOKYITHOCTh BOCh-
Mu yckoputened (puc. 1). Ilporecc momydeHus MPOTOHOB H YMH JICS C YCKOpH-
tenss Kokpodt —Yonron . IlepBoH 4 jabHO yckopeHHble UM 10 750 xoB moHbI
BOJOPOX IOCTYI JIU H JIMHEHHbI ycKOpUTess HHOU 150 M, KOTOpBIii, B CBOIO
odeperpb, JOBOAWI SHEPIUI0 YCKOPEHHOro 001 K HMOHU3MPOB HHOTO BOLOPOA 10
400 M»B. [l OYMCTKH OT 3JIEKTPOHOB YCKOPEHHBIH Iy4OK H BBIXOfIE M3 JIH-
HEMHOro YCKOpPHUTENS MPOIMYCK JIM 4Yepe3 TOHKYI YIONbHYIO IUT CTHHY ((hoJIbry).
OuniieHHbIH T KUM 00p 30M IYYOK IPOTOHOB BXOAWI B CHHXPOTpPOH (6yctep)
a1 MetpoM 150 M, rge npoTOHBI yCKOpsUTUCH 1O 3Hepruu 8 3B u oqHOBpeMeHHO
IPOU3BOJMIICS OTOOP 110 DHEPTHHU UL MOJy4eHHUs OAHOPOIHOIO COCT B , T KXe
Iy4oK p 3mensicd H 36 CrycTKOB.

JluneitHblil ycKopuTenb U O6yctep BMecTe ObUIH CITIOCOOHBI OOECIIEUHThH HM-
1mynbent 10 5,0+ 1012 npoToHOB /1Sl MPOM3BOACTE  HTUIIPOTOHOB K 3kjble 1,5 ¢ wiu
cepuio 3 5—7 cryctkos 10 6,0 - 10'° mpoTOHOB B K KIOM CIyCTKE ¢ 36-Kp THBIM
HIOBTOPOM K kJple 4 c. U1 BHbII MHXEKTOp IMpPEJICT BJISUT COO0M TPEXKHIOMETPO-
BBl KOJIBIIEBOM YCKOPUTENb, KOTODPBIH yBEJIMYMB JI SHEPIHIO IIPOTOHOB U HTH-
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Puc. 1. Cxem yckopurenbHOro Komiiekc Fermilab

poToHoB ¢ § go 150 [®B. M kcuM JIbHOE KOJIMYECTBO IPOTOHOB/ HTUIIPOTOHOB
B myuke cocT Bisno 3,0 - 1013 u cruu, p 3menennsix B 504 cryctk 1o 6,0 - 1019
IIPOTOHOB/ HTUIPOTOHOB B K KIOM.

I monydeHHs HTHIIPOTOHOB NMpOTOHBI ¢ 3Hepruei 120 I'»B BriBomgmmuch
U3 IV BHOTO MHXEKTOP W H Ip BJSUIUCh H HUKEJIEBYI0 MHUIIEHb. PoxmeHHble
OT CTOJIKHOBEHMH C oHepruei, 6iu3koii Kk 8 [9B, HTUIPOTOHBI COOUP JIUCH JIM-
TUEBBIMU JIMH3 MM C LIMPOKUM KPYIOBBIM KCENT HCOM B H IIp BJIEHUU yCKOpe-
Hud 4 crtul. [lomyueHHble IMydkd 3 TeM OXJ X[ JIUCh CTOX CTHYECKUM METO-
JOM JUI CO3JI HHSI CTYCTKOB HTHIIPOTOHOB C M JIbIM ¢ 30BbIM OOBEMOM M Iie-
PEBOAMIINCH B T K H 3bIB eMbld H Konuteab. C M T®B TPOH HpeNcT B coboii
6-KIJIOMETPOBBIN KOJIBLIEBOM YCKOPHTENb, B KOTOPOM IPOTOHBI U HTHIIPOTOHBI,
Bp I 4Cb B [IPOTUBOIOJIOXHBIX H P BleHUAX, yckopsaauch ot 150 I'B go 1 TeB.
23 mnpens 2007 1. (run 240033, store 5370) H T®B TpOHE OBUIO JOCTUTHYTO 3H -
yeHHe MIHOBeHHOi ceTumocTd L = 2,6 - 1032 em— 2. ¢~ 1.

B mponecce cTOIKHOBEHHMI H KOIUIEHHBIX HPOTOH- HTUIPOTOHHBIX ITy4KOB
MTHOBEHH $ CBETHMMOCTh MEIJICHHO YMEHbIN J1 ¢b. H H 4 JIbHOH CT ouM ompexne-
JAIoUM ¢ KTOPOM YMEHBILIEHHS CBETHMOCTH SIBJISUIOCHh P CCEJHHE BHYTPH IMyukK ,
yepe3 HECKOJIBKO Y COB OT H Y JI Ce HC YyMEHbIIEHHE KOJIWYECTB  HTHUIIPO-
TOHOB M0 TPUYMHE CTOJKHOBEHMH C MPOTOH MU CT HOBWIOCH OoJiee 3H UHMMBIM.
CBeTUMOCTh YMEHBII JI Cb B OB P 3 TPHOMU3UTENIBHO 3 ceMb 4 coB. [locie
BOCBMHUY COBOTIO C€ HC OKOJIO 75 % HTUIPOTOHOB OT H Y JIBHOTO KOJIUYECTB
OCT B JHCh B Imyuke. OHHM 3 MEUIJINCh B T3B TPOHE, 3 TEM B IN BHOM HHXKEK-
TOpE U NEPEeBOAWINCH VIl XP HEHHS B PEUUPKYIAIPHOE KOJBLO, P CIOIOXEHHOE



B TOM K€ TOHHEJIe, YTO U IJ1 BHBIH WHXeKTOp. OCHOBHBIC I P METpPBI TOB TPOH
npuBomdTcs B T Oi1. 1.

T omun 1. OcHOBHBIE T P MeTpbI T3B TPoH BecHoi 2007 r. (Run IT)

IT p metp 3H yeHue
KonuyecTBo NpoTOHOB B CrycTKe 8,9 - 102
KonuyecTBo HTUIIPOTOHOB B CTYCTKE 2,710
DHeprus 4 crun, [5B 980
MTrHOBEHH $1 CBETUMOCTbD, em2.¢7t 20...28-10%
HuTerp 1bH 9 CBETUMOCTD, 6~ /uen. 30...40
CpenHee YHCIO CTOMKHOBEHHMA 1,2

Herexrop CDF (puc.2) H T3B TpOHE ObLI CIIPOEKTUPOB H JUIS U3ydeHUs (u-
3UKH{ NPOTOH- HTHIPOTOHHBIX CTOJIKHOBeHWH [1]. Ilo H jorum ¢ GonpIIMHCTBOM
JETEeKTOpPOB, HCIOIb3yeMbIX B (DU3UKE BBICOKMX oHepruil H kot iuep x, CDF
uMell [WINHAPUYIECKY T€OMETPUI0 C OCEBOM U MPOOJIbHO-IIONEPEYHONH CUMMe-
Tpueil. Co BpeMeHU CBOero BBOA B aKcIuly T wuuio gerekrop CDF mperepren psn

IlenTpasnbHas MIOOHHAs
MOJICPHU3UPOBAHHAS YacTh

CrasbHble IUThI

gy Mioonnsie
npeiidoBbie KaMepbl

MiooHHbIE

CHUHTHJUIIUMOHHBIC
CYCTYHUKHU

]_[CHTpaJ'[BHafI MIOOHHas CUCTEMa
@ =" AJpOHHBI KAIOPUMETP
LN Lt P DIeKTPOMarHUTHbII

KajopumeTep

L[eHTpanLHa;{ raszoBas
iyl TPEKOBas CUCTEMA

ITpomexyTounbIit
_ " KPEMHHEBbIIi JICTEKTOP

- Kpemuuesblii
MPIKpOBep].HHHHLIﬁ JACTEKTOp

O061acTh CTOJIKHOBEHHI

Tlepennss
MIOOHHast
cucremMa

Conenonn

\ TIpexonseprop
3JIEKTPOMAarHuTHOI'O

\ KaJopuMeTpa
JpeiidoBbie kKamepsl

JUIST OTIPEACTICHUS

CTBOJIA JIMBHS

B DJIEKTPOMAarHUTHOM
KaJopuMeTpe

513 m

i

Puc. 2. lerextop CDF Bo (poHT 7pHOM P 3pese
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CYILIECTBEHHBIX U3MEHEHHMI U YCOBEpIIEHCTBOB HUil. T K, H IpuUMep, yBelIHYeHUE
yuca cryctkoB B mydke ¢ 6 (Run I) mo 36 (Run II) ¢ ogHOBpeMeHHBIM yMEHb-
meHueM BpeMmeHH Mexny HUMH ¢ 3500 He (Run I) mo 396 nc (Run II) BI3B 510
HEoOXOOMMOCTD B Psijie yCOBEPILEHCTBOB HHM, T KMX K K IpUMeHeHue Golee Obl-
CTpOW TMII p Typhl i cOOp [ HHBIX, YAy4YIIEHHE I P METPOB JETEKTHUPYIOIINX
CHCTEM MIIM MCIOJIb30B HUE HOBBIX Oosiee OBICTPBIX M 3()(PEKTUBHBIX JETEKTOPOB.
Kpome Toro, nerexTop ObLT JIONONHEH PSAOM CHUCTEM JAETEKTUPOB HMS IS yBe-
JIM4eHUs KcenT He . Bee aTu ycoBepuieHCTBOB Hus H 3T ne Run II nozsonwiu
YBEJTUYUTH KOIMYECTBO PETUCTPHPYEMBIX COOBITHI OTHOCHTEIbHO Run I.

B coct B gerekrop CDF Bxoauiu: BBICOKOTOYH 1 CUCTEM PETUCTP LU Tpe-
KOB 3 PSIXKEHHBIX Y CTHUI[, K JIOPUMETPUUYECK S CUCTEM U CHUCTEM PpEerucTp LUU
U WAeHTU(UK MU MIOOHOB. I ompenesieHus MeKTPUYECKHX 3 PSIIOB U U3Me-
PEHUS UMITYJIbCOB 3 PSKEHHBIX U CTHIL ObLIO CO3Jl HO M THUTHOE MOJIe C M KCH-
M JpHOU mHAyKmmed B = 1,4 Tn. BHyrpu coneHoun , HEMOCPEOCTBEHHO BOKPYT
B KyyMHOH K MEpBHI, I1€ IPOUCXOAIT CTOJIKHOBEHUS! IPOTOH- HTUIIPOTOHHBIX ITy4-
KOB, ObUT p 3MellleH KpeMHUeBbli BepruuHHblA gerekrop (SVX II, ISL). 3 Hum
P CIIOJIOXEH IIeHTP JIbH 4 T 30B 5 TpekoB s K Mep (COT), kotop g BMecTe C
KPEMHHEBBIM BEPIIMHHBIM JIETEKTOPOM COCT BIIST EAWHYI0 TPEKOBYIO CHCTEMY.
3 coseHouzoM OBUT P CIIOJOXKEH K JIOPUMETPHYECK s CHCTEM JUIsl omlperese-
HUS ®HEPTUM ¥ KOOPIUH T 2JIEKTPOHOB, (POTOHOB, JAPOHOB M CTPYi, KOTOp £, B
CBOIO OYepellb, p 3eJIeH H 2 4 CTH — 3JIEKTPOM THHUTHYIO U [poHHyl0. [l see
o nepuMeTpy ObUT p cromoxeH MiooHH s cucteM paerekrop CDF II, koro-
P 4 COCTOSTT M3 CUMHTWIULILMOHHBIX CUETYHMKOB U KOOPAUH THBIX HIETEKTOPOB,
BBIIIOJTHEHHBIX H OCHOBE JIpeioBbIX K Mep.

2. A3YUYEHUE CBOMCTB t-KBAPKA

Vu crue rpynnst u3 OUSM B ekcnepumente CDF p crnpoctp Hanoch He
TOJNBKO H KOHCTPYKLHIO U M3 HH JIEeTeKTOp , OOCIyXMB HHME CHUCTEM M YIIp Bile-
HHE cOOpPOM I HHBIX B YCJIOBHSX BBICOKOM CBETUMOCTH, K JIMOPOBKY CHCTEM Jie-
TEKTOp , IPOrp MMHOe obecrieueHue U p 60Ty ¢ 060PYIOB HUEM, HO U H Y4 CTHE
B (pu3ndeckoi mporp MMe, H Ju3e I HHbIX B MoHTe-K pro-mMonenupoB HUM 11
nony4deHus! (PU3MUECKUX Pe3ysIbT TOB. T KXe C MOMOIIBI0 CHCTEM H IMOACHUCTEM,
co31 HHBIX ¢ OompiuM BKiI goM OUSIH, Gbuti OTKPHITHI 6 PHOHBI, COOEpX IIHe
b-xB pK, — X, X}, Zp, BIEPBbIe NPOBEJEHB H OMIONEHHS, U U3MEPEHbI OCLIULIA-
win B;—B,, T KXe H HOo/Iee TOUHO usmMepeH M cc W-6030H . Ho ocHOBHOI
BKJI JI TPYIII BHECJ B H JIM3 I HHBIX Wi pusuku t-kB pk . Kpome Toro, rpyni
u3 OUSIU yu cTBOB 11 B moucke 6030H XHUITC H T9B TPOHE.

2.1. OtkpsoiTue t-KB pK . Kp mk a2 x p kmepucmuk . C MOMEHT OTKPBITHS
B akcriepumedT X CDF u DO H xomn #inepe @B TpoH B 1995 1. [2,3] ¢-kB pK
OCT €TCs OfIHMM M3 H uboJiee HHTEPECHBIX 0ObEKTOB UCCIISI0B HUS CPEIH DJIEMEH-
T pHBIX 4 cTul. B cT HA prHOU Momenu (CM) {-KB pK MMeEeT Te ke KB HTOBbIE



YHCT | B3 MMOIEHCTBYET, K K U BCE OCT JIbHbIC Up-KB pKu. OO0 1 s crimHoM 1/2
M BIEKTPUYECKUM 3 psioM +2/3, OH sBIAeTCS I PTHEPOM b-KB PK 1O Cll GoMy
U30CIIMHOBOMY ayOsiery. C TOYKM 3peHHs] TEOpUM t-KB PK HEOOXOOUM Uil TOTrO,
4TOOBI M30€X Th KMp JIbHOH HOM jiuk B CM 1 5TuM 00ecreyuTh ee COrT COB H-
HOCTh K K KB HTOBOW TEOPHH IOJI.

3H 4eHue M CChl {-KB PK He INpPEACK 3bIB €TCd TeOpHeH (3TO OAMH M3 1 P -
meTpoB CM), oH u3MepeH B a3KkcnepuMeHT X H ToB TpoHe 1 LHC u B H cTosee
BpeMsi orpejeneH H ubojiee TOUYHO CpPeid BCeX KB PKOB. DTOT KB PK IPEACT -
BJISIET COOO0I ¢ MYIO TSKEJIyI0 9JIeMEHT PHYIO 4 CTHIY, €ro M CC JIMIIb HEMHOTO
MEHbIIIe M CCHI siip 30i10T . HecMoTpst H ©oJIbloe 3H YeHHE M CChI, 10 CHX IIOp
He ObLIO MOJy4eHO HUK KOW MH(OPM IIMH O BHYTPEHHEH CTPYKType {-KB pK , BO
BCEX MCCJIEOB HHSX OH BeleT cebs K K TOYeYH g 4 CTUI (H 3KCIEPUMEHT Jlb-
HOM YpOBHE CTPYKTYp ¢-KB PK , €CIIH OH €CTb, HE MPOSBISIETC 10 P CCTOSHUS
10719 m).

IMupur  p cn x  t-xB px , BbhuuciaeHH 1 B CM, COCT BIeT OKOJIO
1,33 I'»B [4-6], 9yTO TOp 300 MEHBINE, YeM €ro M CC , HO 3H YUTEJbHO OOJbIIe
THIIUYHOTO M ciiT 6 KB HTOBOM xpomoauH Mmuku (KXI) A =~ 200 MsaB. Bpewms
KM3HH t-KB pK 7y ~ 5 - 1072° ¢ OK 3bIB €TC H MHOTO MeHbIle, YeM THITHY-
HOe BpeMs TQcp, HeoOxommumoe Ui oOp 30B HMS CBS3 HHBIX COCTOSHHH JpoO-
HoB B KXII: 7qcp &~ 1/Aqep ~ 3 - 1072* ¢. Tlosromy ¢-KB pK p CIl A -
eTcs JI0 JIPOHM3 LIMM M BEPOSTHOCTh OOp 30B HUS JIPOHOB, COAEPXK MIUX €ro,
oueHb M 11 [7,8]. U3-3 sroro ¢u3uk ¢-KB pK IpoOLLE, YeM, H MpUMep, (PU3UK
B- npoHOB, B KOTOPOii MMeeTcs OOJBbIIOe YHUCIIO CBSI3 HHBIX COCTOSHHMIN b-KB pK
C IPYTMMH KB PK MM U HTHKB PK MU C P 3JIHYHBIMU KB HTOBBIMH YHCJI MH, M C-
C MU, MO MM p CI A H T..1. IIpu 3TOM CBOICTB {-KB pK HE€ CKPBITHI appex-
T MH JAPOHM3 IIMH, T.€. OHU Iepes I0TCS HEMOCPEICTBEHHO MPOAYKT M €ro p C-
n g . T xum o6p 30M, {-KB PK SBISETCS YUCTBIM UCTOYHHUKOM (PYHII MEHT JIBHOU
nngopm nuu. H npumep, 61 rog ps V-A-cTpyKType 3 psiXeHHbIX TOKOB B CM,
JONKH CYHIECTBOB Th CWIbH S KOPpPEJALHMsS CIIMHOB {- W -KB PKOB, 00p 3yIo-
IIUXCA B CWIBHBIX B3 MMOIEUCTBUSIX, YTO MPEIOCT BISET BO3MOXHOCTH dKCIIEPHU-
MEHT JIBHOH MpoBepKH Mpeack 3 Huil CM B KB PKOBOM CEKTOpE.

Hcemopus nouck . TlogpoOHoe ommc HUE HCTOPUM IIOMCKOB M OTKPBITH
t-KB pK MOXHO H HTH, H mpumep, B p 60t x [9,10]. Cp 3y xe mocne oT-
KpbITHS b-KB pK B 1977 I. BO3HUKIM THIIOTE3bl CYIIECTBOB HHS €ro I pTHEp
no ¢ 6oMy M30CHMHOBOMY JyOrery — ¢-kB pkK . C Mble HepBbie MPEICK 3 HUs
M ccbl t-KB pK Oblmu B 061 ctu 20 IsB/c? [11-13]. TlepBble BO3MOXHOCTH HC-
CIIEIOB HHMS B ®TOi OOJ CTH M cC HOABWIMCh H el e~ -komn iimepe PETRA ¢
sHeprueil 46,8 I'sB [14-18], cp 3y B HECKOJIBKUX 3KCIEPUMEHT X B 1984 r. 6pin
YCT HOBIIEH HWKHMIA Tpesienn i M cchl t-kB px 23 T'sB/c?. B 1986 r. B KEK
6eu1 moctpoen ete”-komn mep TRISTAN c sueprueii 61,4 I'sB, ¢ moMompio
kotoporo K 1990 r. MCKJIIOYEH BO3MOXHOCTb CYIIECTBOB HHUS t-KB PK M CCOH
menee 30,2 I'sB/c? [19,20]. HemHoro no3xe H 4 u p 60T Th aBe e e - Gpuku



Z-6030H08, SLC u LEP, yn 50ch yCT HOBHUTbH HOBBI HIDKHUH ITpeNiesT 11t M CChI
t-xB pk — 45,8 TeB/c? [21-24]. T xxe B H u ne 1980-x rr. B LIEPH 1 4 n
p 6oty Ko inep SppS ¢ sHeprueir ot 540 mo 630 I'sB, B pe3yabT Te HUXHUI
TpejeN Al M CChl t-KB pK  Obln yBeruueH 1o 69 IsB/c? [25].

B 1988 r. H 4 nuch noucku t-kB pk H ycr HoBke CDF H  jpoHHOM KoOJ-
1 iigepe ToB TpoH c¢ aHeprueil B c.u.M. 1,8 TaB. Ilocne onpeneneHns HUXHETO
npenes CedeHus POXAEHUs Li-1 pbl ObUT TOACYMT H HWXKHHUI TIPENEN M CChI i-
KB PK , OH OK 3 JICS BbIlIIE CyMM PHOH M ccbhl W-6030H U b-KB pK U COCT BHII
91 I'sB/c? [26,27], 4TO MCKITIOYIIIO BOBMOXHOCTD pcnag W — th. B1992 . 1 -
psny ¢ nerekropoM CDF H umH er p 60t 16 ierektop DO, ¢ mMOMOIIBI0 KOTOPOro
YCT H BIMB €TCS HOBbII HIDKHHMNA mpenen [28].

Cuen myp . CMmemuB Hue KB pKoB B CM OIUCHIB €TC4 JIEMEHT MU M TPHLBI
K 6u660-Ko6 smm-M ck Bl (CKM) [29,30]. M TpuuHbiid a1eMeHT V3, OIH30K
K eauHule, aieMeHThl Vig u Viq 3H 4uTeNbHO MeHblle eauHulpl. Crenos -
TeNbHO, B p MK X CM ¢-kB pK p ci g erca H W-0030H U b-KB pK C BEpOSITHO-
cTpio, 6mm3koit K 100 %. Ilupun >TOro K H 1 p cil A ¢-KB PK HMeEeT BUJ

I'(t— Wb) =

3 2\ 2 2\ 2 2
20 (2
=|th|2 Grmg 1_mv2v 1+2mv2v 1 « s _§ ’
872 m; mj 3 3 2

rae my — M cc W-6030H ; G — noctosHH g @epmu; m; — M cc t-KB PK ;
(vs — TIOCTOSIHH $I CWJIBHOTO B3 mMopaeicTBusa. T kuMm oOp 30M, CUTH Typ p c-
n 1 obp 3yloIeiics B pP-CTOJKHOBEHUSX L{-Il Pbl B 3H UMTENBHOW Mepe Orpe-
aensieTcst p i g Mu aByX W-6030HOB, KOTOpbIE MOTYT P CH J ThCd K K IO JIell-
ToHHOMY K H 1y (W — [v), uTo cooTBeTcTBYyeT nmpumepHo 33 % Bcex p CII [OB,
T K 4 o aponHomy K H iy (W — ¢q’), orBeu tomemy 3 67 % Bcex p ci 10B
W-6030H . Mo p ci 1, B Kotopoii oquH W-6030H p cml Jics 1O JIENITOHHOMY
K H Iy, JApyroii — mo aponHomy tt — bbW W™ — bb(ITv)(jj), 1 3b1B -
€TCsl JIENTOH-CTPYHHOU (puc.3, ). O coct Bnser 43,5 % ot BCex p CI OB ti-
n p. Okono 46,2 % Bcex tt-m p p ci 1 €Tcd 1O MyJIbTHCTPYHHOMY K H J1y tt —
bbW W = — bb(55)(j7), korn 06 W-6030H 1 10T KB PK- HTHKB PKOBYIO I Py
(puc. 3, 6). Oct nbuble 10,3 % npuxoxITcs H AWIENTOHHBINA K H J, Korn o6 W-
6030H P CIl JI 10TCS MO NENTOHHOMY K H Ny tf — bbW W™ — bb(ITv) (17 D)
(puc. 3, 6).

Omxpoumue . maé mpore. B 1994 r. B akciepumente CDF H T THCTUHKE,
COOTBETCTBYIOLIE MHTErp JIbHOH cBeTMMOCTH 19 16!, GBIIO 3 PErMCTPHPOB HO
Gosbliie tT-10MOGHBIX COOBITHIA, YEM OXMI JIOCh, OT U3BECTHBIX (DOHOBBIX IIPOLEC-
coB. Komn 60p 1w cooOmmt , 4To MOMYYEHO YK 3 HHE H 00p 30B HHUE t-KB PK
B 12 JUIENITOHHBIX U JIENITOH-CTPYIHBIX COOBITHSX, IPUYEM IO Kp HHEl Mepe OfH
CTpYy$ B JIENITOH-CTPYHHOM COOBITUM OBbUT CBSI3 H C D-KB PKOM, O YeM CBUJIETEIIb-
CTBOB JIU JI HHbIE KPEMHUEBOIO JIETEKTOpP (IIPUCYTCTBUE B CTPYE MIOOH C M JIBIM
MOTIEPEYHbIM MMITyIbcoM) [31].




Puc. 3. K H 1l p ¢t 1 -1 pBl: ) JIENTOH-CTPYHHBIN; 6) MyIbTHCTPYMHHBII; 6) JHIIEN-
TOHHBIN

AH 113 COOBITHI MO3BOJIMII OLIEHUTh M CCy t-KB pK 1y = 174 & 16 TaB/c2.
Komn 60op mun CDF u DO o6HOBWIN KpuUTepuUd OTOOp WIS ONTUMH3 LUHM UYB-
CTBUTEJILHOCTH K MOUCKY t-KB PK M ccoii 150-200 I'sB/c2. B m pre 1995 r. o6e
KOJU1 GOp UMM MpPEeJICT BWIM CT ThH 00 OTKpbiTUM t-KB pK B «Physical Review
Letters» [32, 3]. B skcnepumente CDF 6pi1 momyuen my; = 176 & 13 TaB/c?,
B aKkcnepumente DO — m; = 190 4 30 IsB/c2. B K XI0M M3 3KCIEPUMEH-
TOB H Omio jics M30BITOK COOBITHI, JOCTOBEPHOCTh OTIMYMS KOTOPBIX OT (hoH
coCT BT HeMHOro MeHee Ho. COBMECTHBIN Pe3ylbT T UMeEJl YPOBEHb JIOCTOBEp-
HOCTH Gosiee Ho, TeM C MbIM ObLT 3 1 H COBPEMEHHBIH CT HJ PT UL NPU3H HUS
K KOro-mubo pe3ylbT T OTKPHITHEM.

2.2. Ceuenne poxiaeHus t-KkB pk H T13B TpoHe. [lo 2009 r. ¢{-KB pK Mor
POXJ ThCS TOJIBKO B 3KCIEPUMEHT X H ToB TpoHe. B 2001-2011 rr. B 3THX
9KCHEPUMEHT X IIPH ®HEPIHHU CT JIKMB fomuxcs mydkoB 1,96 TeB 6p1 H Op H
CT THCTUK , COOTBETCTBYIOLI $i HHTETp JIbHOM cBeTMMOcTH oKojio 10 ¢6~ !, koro-
p 4 npumepro B 500 p 3 mpeBbI J1 HHTErp JBbHYI CBETUMOCTH MPU OTKPBITUH
t-xB px B 1995 r. H n#poHHBIX KOJUT #ep X {-KB PKM B OCHOBHOM 0Op 3y-
I0TCSl T P MM B IIpPOLIECC X, CBI3 HHBIX C CHJIBHBIM B3 MMogeiicTBueM. PoxneHue
t{-11 pbl IPOMCXOMMT MO0 TP HHUTWISALMK KB PK U HTHKB PK , JWOO TpH
B3 MMOJEWCTBUM IJIIOOHOB B CT JIKMB IOIIMXCA 4 CTUIl X. H T®B TpoHe momd
[IPOIIECCOB HHUTWISLUHM KB PK— HTUKB PK COCT Bl OKOJO 85 %.

B p mx x KX]II B NNLO-npubmmxennn (Next-to-Next-to-Leading Order)
OBUIO P CCYUMT HO MHKIIIO3MBHOE cedeHue poxnenusa tt-m p [33]. B stom xe
npuOIMXeHUH ObUTH BBIYKMCIIEHBI HEKOTOpble auddepeHiy JibHble ceueHus [34].
T kuM 0Op 30M, TOUHbIE U3MEPEHHs] UHKIIIO3UBHBIX U AU EepeHIr JIbHBIX ceye-
HHMI MOTYT OBITh UCIIOJIb30B HbI [T poBepku npenck 3 Huit CM. H mpumep, T k
K K {-KB PK p CH I eTcsl 1O JpPOHW3 LUH, NPH M3y4EHHH MPOLIECCOB POXACHMS
t{-1 p MOXHO MOJNYY4UTh UH(OPM LU0 O KOPPEJSALMU CIIUHOB W TOJSPU3 LUM {-
u {-KB PKOB.

2.2.1. Poxoenue tt-n pot 6 cobvumuax ¢ 06yma nenmon mu u b-cmpysamu.
W3MmepeHus cevyeHHs] POXIEHHUs ti-1I Pbl HPOBOJMIMCH B P 3HBIX K H JI X P C-
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I 1 : JIENTOH-CTPYWHOM, AWJIENTOHHOM, MOJHOCTBIO APOHHOM. Il jiee OnmcC HI
PE3YNbT THI, TOJyYeHHbIE B JTWJICNITOHHOM K H Jie p ci A (puc.3,6). Jna usme-
peHumii cedeHus poxieHus ti-m pwl 6bUT BHIOP H p cn A tt — (WHb)(W™b) —
(ITvb)(I"7;b), B K 4ecTBe JIENTOHOB P CCM TPHUB JIMCh TOJBKO 3IEKTPOHBI U MIO-
OHBI, [POHHBIE P CII bl T-IENTOH HE YYUTHIB JIUCh. AH JIM3 MPOBOAWICS H
monHoi cr Trctuke 3T 1 Run II, H 6p HHO#M ¢ M pr 2002 r. MO ceHTIOpPD
2011 r., KOTOp 5 COOTBETCTBOB JI HMHTErp NbHOH cBeTuMocTH 8,8 61 (mocme
npuMeHeHHs: TpeOOB HUi K K 4eCTBY JI HHbIX) [35].

Kpumepuu om6op coboimuii. Ins H i3  OTOUD JIUCh COOBITUS C OJIHUM
QIIEKTPOHOM (MIOOHOM) C IIONEpevyHOM »Hepruell (ummyiascom) Er > 18 I'aB
(pr > 18 T'»B/c). Ins coObITHIi C 2IEKTPOH MM HEOOXOIMMO OBUIO BBECTH KpHUTE-
puii 060cOOIEHHOCTH: TIOTIEpeYH 51 BHEPIUs, U3MepeHH 5 B KoHyce R = 0,4, o0p -
30B HHOM BOKPYT JICTITOH , JOJKH ObITh MeHee 10 %, 4yeM aHeprus OT dJIeKTPOH -
K Haua T . Dg off-line- H nu3  orOup JMck cOOBITHS, COAEPX INUE MO Kp HHeil
Mepe OIVH W30JMPOB HHBINA jentoH ¢ Fpr > 20 I9B (pr > 20 I'sB/c), nomos-
HUTENBHO TPeOOB JIOCh H JIMUKE BTOPOIO JIENTOH , OTOOp HHOTO HO T KUM Xe
KpUTEpUSIM 10 DHEPruu (MMITyIIbCy), HO Oe3 ycioBusi obocobiaenHocTr. CoObITHS
¢ Oosiee yeM JByMsl PEKOHCTPYMPOB HHBIMH JIITOH MH OTOp ChIB Jjuch. Ilpucyr-
CTBME HEUTPUHO B JUIIENITOHHONM MOJIE P CII A ti-Il Pbl I €T OOoJbIIoi auch -
J HC B MNOJIHYIO HOIEPEYHYI0 DHEPruio Fp, M09TOMY, YTOOBI UCKIIIOYHUTH BIUSHUE
MIPOLIECCOB, HE COJIEPXK IINX HEHTPHHO OT BEKTOPHO-OO30HHBIX P CII 0B, Tpebo-
B JIOCh BBecTH Kpurtepuil K > 25 I»B. B coObITHIX, B KOTOPBIX AUCO JI HC
®HEPruu NPHUCYTCTBYET M3-3 HHCTPYMEHT JIbHBIX 3(pIeKTOB, Yol MEXIy H Ip -
BJICHHEM JICIITOH WU CTPYM U H IIp BieHueM K, o6brdHo M 1. Ecnu yromn 6bui
meHblie 20°, To BBOAUIIOCH JIONIOJHUTENbHOE TPeOOB HHE Ul YMEHbILIeHUs (PoH :
F > 50 TsB. YroObl HCKIIOYUTH COOBITHS OT poXieHus Z/~*, ObUIO BBEAEHO
TpeGOB HHE H BBICOKYIO //-3H 4MMOCTb [36] B COOBITHSIX, B KOTOPBIX HACHTH(HU-
LMPOB HHBIE JIEIITOHBI IMETI POM ThI M 9(PPEeKTUBHYIO M CCY, COOTBETCTBYIOIINE
Z-pe3oH Hcy. T Kxke juis UCKIIOYEHUs COOBITHIA OT AMMIOOHHBIX PE30H HCOB C
M JIOi M ccoii ObIIIO BBEIeHO TPeOOB HHUe, YTOOBI CyMM PH s 9(P(PEeKTUBH 51 M CC
IBYX J1enToHoB Ol Gosee 5 I'sB/c?. OTo6p HHble MO BBIMIEYK 3 HHBIM KpH-
TepusaM coObITHSI 0Op 30B Jin H OOp, yIOBIETBOPSIOMINIT TpeOOB HUSIM IHJICTITOH-
HOTO OTOOD .

B coObITHSIX, MPOLIENIINX AWIEHTOHHBIA OTOOp, TPeOOB JIOCH H JHMYHE MO
Kp #Heil Mepe IByX cTpyii ¢ ®Heprueid Ep > 15 9B B uHTEpB Jjie IceBroObI-
crpotsl |n| < 2,5. PeKOHCTPYKUMs CTPYil HPOBOAMI Cb C MOMOIIBIO CIIEUH Jib-
Horo ymioporo Jroput™ [37]. Ilpu aToM CymMM pH s HONEPEYH S DHEPrUs OT
BeeX 4 ctull (Hr = priep + Erjet + 1) NOMXH OB yIOBIETBODATH Tpe-
60B o Hp > 200 I'sB, 7enToHBl HOMXHBI OBUTH HMETh IMPOTHBOIIOIIOX-
Hble BJIEKTPUYECKUE 3 Psibl. DTH COOBITHS BOLLIM B T K H 3bIB €Mblil «IIpei-
MEUEHHBI» H OOp, OH HCIIOJIB30B JICS VISl MPOBEPKH CUTH JIbHBIX U (POHOBBIX
Mogienieid. it M3MEpeHHsl CeYeHUs POXIEHHS tI-I Pl UCIIONB30B JICI «Meye-
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HbIf» H GOp, COmEepX Uil COOBITHSI U3 «IIPEIAMEYEHHOro» H OOp C JOMOJIHH-
TeNbHBIM TPeOOB HHEM b-MeYeHHus 10 Kp HHell Mepe OJHOW CTPyd JITOPUTMOM
SECVTX [38]. Co0biTHsi, MpOLICANIHE TUICITOHHBIA OTOOp, HO COmEpX IIue
OJIHY WJIM BOOOILIE HEe COAEpX ILIUe JIPOHHBIX CTPYii, BOILLIM B KOHTPOJBHBIA H -
60p s oleHKH (POH .

Bpemst xu3Hu B- OpoHOB cocT BiseT HpUOIM3UTENbHO 1,5 TIC, YTO COOT-
BETCTBYET P CCTOSHUIO OT NEPBUYHON 10 BTOpUYHOH BepmnH 450 mxwm. Ing pe-
KOHCTPYKLIMU TEPBUYHBIX M BTOPUYHBIX BEPIUMH MCIOJIB30B JIUCh TPEKU 3 PA-
JKeHHBIX Y CTHIL, ObUIO P CCUUT HO P CCTOSIHUE MEXIy IEPBUYHONH U BTOpPHUY-
HOW BEpIIMH MU M MX OTHOCHUTEIBHOE P CIIOJIOXKEHHE B IUIOCKOCTH, HOIEepPEeYHOM
nyuky (L2p). Ctpys p ccMm TpuB 1 cb K K b-meueHH 51 SECVTX- nropurmowm,
ecmi Lop W ee CT HA PTHOE OTKJIOHEHHE O YIOBJIETBOPSIOT —YCIIOBHUIO
Lop/o > 7,5. Crpyu ¢ Lap/o < —7,5 TONOJOTMYECKH HE COOTBETCTBYIOT P C-
I M B- 1poHOB, HO ObUIM UCIIOJIB30B HBI VIS OIIpeieSIeHns] OIMOOK OT Il P -
TypsI [38].

Dppexmusnocms ombop  tt-cobvumuii ¢ ounenmonHom kK H ae. DPhHeKTHB-
HOCTh OTOOP COOBITHII POXJAEHUs ti-I Pbl OHPENENSl Cb C TIOMOIIBI0 [EHEp -
top Mounte-K pino PYTHIA [39] B KoMOMH MM C €T JIbHOW MOJEJbIO JeTeK-
top CDF [40]. Y4uthiB jucCh COOBITHS, B KOTOPbIXx 06 W -6030H , pOXIeH-
HBIX B PE3YIbT T€ P CI I 1f-I1 Pbl, P CII 1 JIMCh H 3 PSUKEHHBIE JIENTOHBI M
HEHUTPUHO, M cC {-KB PK Obll TpuHAT P BHOU 1725 I'sB/c?. B p ccmotpe-
HHUE TIPUHUM JIUCh CMOJIEJTUPOB HHBIE COOBITHS C HEPBUYHON BEPIIMHOH, P CIIO-
JoXeHHO H p ccrogauun £60 cMm ot mentp pnerekrop CDF mo ocu Z, ad-
(bekTHBHOCTH 3TOr0 TpeOOB Hus cocT BT 97,47 + 0,02 %. IMosHbIA KCenT HC
11 b-MedeHbIX (IpeAMEeYeHHbIX) JUICNTOHHBIX CHUTH JIbHBIX COOBITHI COCT BIIST
(0,461 £ 0,003) (cr T.) %, (0,756 £ 0,004) (cT T.) %, BKIIIOY $ JIENTOHHYIO BETBb
p co n . IlomydeHHOE 3H YeHHE KCENT HC KOPPEKTHPOB JIOCh H 3(heKTns-
HOCTb JIEITOHHOTO TPUITEP , KOTOp 4 cocT Bl 85—95 %.

[Ipu MomenupoB HUM T KX€ yYUTHIB JHCh d(PHEeKTUBHOCTU MACHTHU(HK MU
JIENITOHOB, ISl U3MEPEHHs] KOTOPBIX UCIOJIB30B JIcs P ¢l 1 Z/v* — I, npu Koto-
POM OJIMH JIETITOH ObLT MAEHTU(DULIUPOB H IOJIHOCTBIO, APYrOil UCIIOJB30B H IS
n3Mepenus apcexTuBHOCTH UaeHTUUK nun. C noMombsio 3Tux a¢hheKTuBHOCTEN
ObUTH p ccuuT HbI nonp BouHble Koaddunuents! (0,8—1,0), KOTOpbIe UCTIONB30-
B JIUCh B MOAENUPOB HUHU. P 3HUIl B ompexpeneHnu 3((PeKTHBHOCTH B JITOPUTME
b-MedeHus MeXJy 1 HHbIMH M3MEpPEHUS U CMOJEUPOB HHBIMU JI HHBIMH ObLI
HOAKOPPEKTUPOB H C IOMOIIBI0 MONP BOYHOro Koagpuiment S, = 0,96 +
0,05, KOTOpBIil YUUTHIB JI P 3HUI MEXIY CBONCTB MU CTPYH OT p €Il A -1l pbl
U b-MEUYeHHBIX CTpyH B K THOPOBOYHOM H Oope.

@onosvie coboimua. OCHOBHBIMU (DOHOBBIMH MPOLECC MU ISl POXIEHUS Li-
I pbl, p CII J IOlIeics B JMJICNTOHHOM K H Jie, SIBJISIOTCS TMOO30HHBIE COOBITHS
i poxaenue Z/v*. T KXe IPUHHM JIMCh BO BHUM HHE IIPOLIECCHI, B KOTOPBIX
¢oTOH MM OpOHH S (pp IMEHT LU OMMOOYHO MACHTH(HUIMPOB JI Cb K K JIel-
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TOH, H TIpUMep, npoueccsl poxaenus Wy- nimu W-06030H BMecTe ¢ HECKOJIbKUMH
CTPYSIMH.

MopgenupoB HHME HpoIecC PpOXIeHUS AUOO030HOB MPOBOAMIOCH C IOMOIIBIO
redep Top PYTHIA c yuetoMm p cueroB momepeuHbix cedeHuil B NNLO-mpu-
ONMMXEHUH, C WCIONB30B HUeM (yHKIMUA p crupenenerus n proHoB MCFM u
MSTW2008 [41,42]: oww = 11,34 0,68 16, oz = 3,47 £ 0,21 16, 07z =
3,62 +0,22 6. [lna monenupos Hust mpouecce Z/v* — It~ ucnonb3os nuck re-
nep topsl ALPGEN + PYTHIA [43]. Tlpouecc Z/v* — 777~ ¢ Gonbumm 30 ye-
HUEeM Fp p ccM TpuB Jics oTaenbHO ¢ yderomM NLO-npubmikenus [36], Monemnu-
pos Hue p cu poB Wy nposommiock ¢ nomoupio BAUR-renep top [44] c yue-
TOM 3(pheKTOB BBHICOKOIrO MOPANK M 3H YEHMsS CeueHMs oy~ = 32 £ 3 no [45].
[Mocnenuuii mporecc y4uTHIB JICS B KOHTPOJIBHBIX H OOp X ¢ HU3KOW MHOXECTBEH-
HOCTBIO CTPYH U HE YYMTBHIB JICSl B CUTH JILHOM H Oope.

BrIOOpK  cOOBITHIT U3 MpeAMeYeHHOro H 60p ¢ 3heKTUBHON M CCOU Jiel-
TOHOB, COOTBETCTBYIOIIIEH Z-pe30H HCY, IPUHUM JI Cb 3 H 0OOp C (DOHOBBHIMHU P C-
o amu Z/y* — ee(pp) ¢ nOTepsiHHON dHepruedl [ u3-3 OMWHUOOK I P TYPHL
BKJT 1pl ipyrux NpoOLEcCOB BBIYUT JIMNCh, 3 TE€M IPOW3BOLMI Chb ®KCTp HOJIS-
1usi H OJII0/1 eMOM BEPOSITHOCTH P CI [ BHE PE30H HC C HOMOIIBIO CMOJIETUPO-
B HHOro H 6Op He3 BUCHUMO JUIsl K XJIOTO BHJ JIENTOHOB M KOJIMYECTB CTPYil.
OwubKM OT BKJI [ (POHOBBIX IPOLECCOB MPE0Os 1 JIM H J| OTp HUYEHHBIM KOJIH-
YeCTBOM JI HHBIX Z/~v* ¢ BBICOKHUM 3H venueM K. HopMmupoBk misi coObITHIA
Z/v* 4+u,d, s, g, comepX IIUXCSI B MEYEHOM H GOpe, ONpenessil Ch IIPU OMOIIH
Koa(hpHUIMEHT , MOydeHHOro B mpeamedeHHoM H 6ope [38]. IMocie BeimeneHus
BJIMSIHUS BCeX (POHOBBIX sIBJIEHMI OBbUT H ilJieH MOInp BOYHBINA KO3((UIMEHT, P B-
Heiid 1,8 £+ 0,1.

T xxe ObUT OLlEHEH BKJ 1 B H OOp OT Ipolecc C OJHUM MIOOHOM M Of-
HHUM 9JIEKTPOHOM IpH p ci ne Z/v* — pji, B KOTOPOM TOPMO3HOE HU3JIyde-
HHUE TMPHUBOAWIO K TOMY, YTO MIOOH OIIMOOYHO INPHUHHM JICI 3 ®JIEKTPOH. DTH
COOBITUSI ONMKCHIB JIUCh C IIOMOLIBIO CMOJIEJTUPOB HHOrO H OOp I Ipolecc
Z/y* — pp. ©OH OT COOBITHI, B KOTOPBIX JPOHH s CTPYS OLIKOGOYHO IpH-
HHUM JI Cb 3 JICNTOHBI, OLEHUB JICS C HCIOJIb30B HUEM BBIOOPKH COOBITHIi, CO-
AepX LIMX OOWH TOYHO MACHTH(UIMPOB HHBIHA JIENTOH U JIENTOHHbIE K HIUI ThI,
MpOLIeANINe MeHee CTporue Kpurepuu orbop . BepodrHocTe TOro, 4to K HIu-
A T Oyner peKOHCTPYHPOB H K K JICIITOH, ONPEAENsul Chb Ul P 3HBIX UHTEPB JIOB
HOIEePEeYHOM DHEPTUM M W3OJSLMU M U3MepsUl Cb U3 H OOpOB COOBITHIA, B KOTO-
PBIX ZOMUHHPOB JIM JIBE CTPYU, IPUYEM ONH U3 HUX MMeJl MOINEPEYHYI SHEPIHI0
Er > 50 T'eB [36]. DTu BepoATHOCTH NPUMEHSUIUCh B K YECTBE BECOB IIPU
MOJIEJTMPOB HUHM OMIMOOYHO MAEHTU(UIMPOB HHBIX JIENITOHOB B T K H 3bIB €MBIX
H 6op x W+ crpyn, KOora TOYHO PEKOHCTPYHPOB JICS TOJIBKO OAMH JIENTOH C
GOJIBIIUM 3H YEHUEM MOIEePEeYHOil DHEPriuK, BTOPOU SIBJISUICS MOXOXHUM H MIOOH
WIH JIEKTPOH K HIMA TOM. YTOOBI UCKIIIOUUTD U3 TOTO H GOp COOBITHS C ABYMS
TOYHO MACHTH(UIMPOB HHBIMHU JIENITOH MH, OBUIO BBEAEHO IOMOIHHUTEIIBHOE Tpe-
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60B HHe VISl JIENITOH -K HOWA T : OH JIOJDKeH ObUT He YHOBIETBOPATDH IO Kp HHEH
Mepe OIHOMY JIENTOHHOMY Kpurteputo ot6op . IlorpemHocTu mMonenu (pOHOBBIX
SIBJIEHUH C OIIMOOYHO MACHTH(HUUUPOB HHBIMHU JIENITOH MU Ipeodn Ji i B H 6o-
P X c monepedHoi aHeprueil ctpyii 6onee uem 20, 50, 70 u 100 I'sB.

Cucmem muueckue noepewrnocmy. OCHOBHBIMM MUCTOYHUK MU CHCTEM THYe-
CKMX TOTPEIIHOCTEH, BAMAIOMMX H 3((EKTUBHOCTh CUTH JI , NIPU HU3MEPEHHU
ceueHus: poxeHus tt-1 pol GbUTH 3DHEKTH OT OMUOOYHO UAEHTU(PUIMPOB HHBIX
JIENITOHOB, OT WK JIbI aHepruu cTpyi (JES), OT ucnosp308 HUS p 37IMYHBIX TEHEp -
TOPOB COOBITHI, OT [JIIDOHHOTO U3JIyYeHUS! B H 4 JIbHOM M KOHEYHOM COCTOSIHUSIX,
oT ¢pyakmmu p copenenenns n proHo (PDF, Parton Distribution Function) u ot
LIBETOBOTO MOBTOPHOTO B3 MMOJEWUCTBUS.

[Momp BOYHBII KOD(PHUIMEHT H BIUIHUAE OIMIMOOYHOH MASHTU(HUK MW JIeT-
TOHOB CcOCT BUNT 2,2 %, MOTPEIIHOCTh OT MIK JIbI ®HEPIHU CTPYyH BO BCEX CMO-
JeNUpOB HHBIX H OOp X OmpeleNs Chb Yepe3 U3MEeHEHHe DHEPruu CTPyi B Ipe-
aen1 X =10 OT HOMUH JIBHOTO 3H Y€HHd C TOCJEeOyIOIIUM H3MEpeHHEM CABUT B

KCenT Hce curdH 1 U oH . ITonydeHH 4 MOrpemHocTs oK 3 J1 ¢b p BHOH 3,3 %.
Pewr rommit BKJI I B NOJIHYI0 CUCTEM THYECKYIO ITOTPELIHOCTH I 0T Mojenu ¢o-
HOBBIX COOBITHII M b-MedyeHue, BCe OCT JIbHbIe MOTPEIIHOCTU COCT BIISUTU OKOJIO
2% (t 6n.2). ITonH g cucreM THYECK s HOTPEIIHOCTD ONpPENessyl Cb K K KB AP -
THUYH ST CyMM OT BCeX BKJI JIOB M COCT Bull 8,0 % mist H 6op 6e3 b-MeueHus: u
7,2% 1 H 6OpOB ¢ b-MeyeHHEM.

T 6muy 2. CucteM THYecKHe IOTPELIHOCTH A/l H OOPOB ¢ b-MeueHHeM U Ge3 Hero

3H yeHue 3H yeHue
HcTOYHHK MOrpemHocTu 11 H GopoB 11 H GopoB
0e3 b-meuennsd, % | ¢ b-meueHueMm, %

DdexTHBHOCTh NAEHTUDUK LUH JIETITOHOB 2,2 2,2
Ik n enepruu crpyii (JES) 3,3 3,3
I'enep TOpbI U1 MOAENUPOB HUA 1,9 1,9
I'mooHHOe W3nmydeHne B H 4 JIbHOM U KOHEY-

HOM COCTOSHUSX 1,3 1,3
LIBeTOBOE MOBTOPHOE COEMHEHHE 1,2 1,2
PDF 0,6 0,6
b-mMedenue — 5,0
Mopesnu ¢OHOBBIX COOBITHI 7,1 2,1
ITonH 4 cucteM THYecK S NOrPELIHOCTD 8,6 7,2

Pe3ynom molL U3MEPEHUA CeHeHUA POKOeHUA tt-n pol 6 OUNENMOHHOM K H Jie.
B Kk uyecTBe KOHTPOJIBHOTO [UIsi (POHOBBIX COOBITHIA MCIIONB30B Jicd H 6Op ¢ OHOM
crpyeit u b-meuenueM. [I HHbIE [JIsi OKOHY TEJIbHOM BHIOOPKH COOBITHI C OHOM U
Gonee CTpysSMHU, MPOIMISAIINX BCe KPUTEPHU OTOOpP , MpUBENeHbl B T O1.3. Oxu-
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T omun 3. Oxup emMoe Koau4yecTBO ()OHOBBIX M CHIH JIbHBIX COOBITHII B BBIOOpPKE
¢ b-MeueHHEeM

LI 6moH ¢ oxgHOIA LI Gnow ¢ neyms
. u Oosee CTpysaMu
Hcrounuk cTpyen (Hr + OS
(TeCTOBBIIA) .
CHUTH JIbHBI)
Ww 0,8+0,2 0,6 £0,2
Wz 0,2+0,0 0,1+0,0
Z7 0,1+0,0 0,3£0,1
Z/y" +u,d,s, g 2,1+0,2 2,8 +0,3
Z/y" +b,c 1,8 4+0,2 2,5+0,2
Hpyrue 1,9+0,7 16 £5
[omnueiii don 6,9 +0,9 22+5
tt (o = 7,09 n6) 20,2+1,4 224 + 15
Oxupn emoe B p MK x CM 27,1+ 2,2 246 + 20
H 6o emoe 29 246

I eMOe KOJIMYECTBO (POHOBBIX M CHTH JIbHBIX COOBITHII B BBIOOpPKE ¢ h-MedeHneM
COOTBETCTBOB JIO MHTETP JIbHOI cBeTHMOCTH 8,8 (b6 !, MOrpemHocTn p cCUMTHI-
B JIMCh K K KB JIp THYH S CYMM M3 CHCTEM THUYECKMX M CT TUCTHUYECKHX IIO-
IpelIHocTel it K kaoro mnpouecc . «Hp + OS» B mocieanem cTonbdie 03H 4 €T,
4TO COOBITHSI COAEPXK T JICHTOHBI C MPOTHUBOIOJIOXHBIM DJIEKTPHYECKUM 3 PSIOM
u ynoieTBopsioT Tpebos Huio Hp > 200 I'sB. Yucror cura i1 B BeIOOpKE C
b-meuenueMm coct Bun 91 %, 6e3 meuenns — 73 %.

H3MEpEHHOE MONEPEYHOE CEYEHHE POXKIECHUS ti-Il PHI P CCUMTHIB JIOCH IO

OpMYJIE
(bpy O.,fNObS_kag
tt —
DAL
%
rae Nobs U Npkg — KOJIMYECTBO JUIENTOHHBIX COOBITUI-K HAWI TOB U KOJIU-

YECTBO OXHJ eMbIX (DOHOBBIX COOBITHII COOTBETCTBEHHO, 3H MEH Tellb HPECT -
BJII€T COOO0M B3BELIEHHYI0 CyMMY HCIIP BIIEHHBIX KCENT HCOB U1 K XJIOTrO KJI CC
coObITHil. BpUIM HCTIONB30B HBI P 37IMYHBIE 3H YEHUS MHTErp JIbHOW CBETUMOCTH
L;, T X K K ugeHTu(uK M COOBITHH M1 K XAOr0 KJI CC JIENTOHOB Tpebo-
B J TOJHON (PYHKIMOH JBHOCTH p 3NMUYHBIX moxacucteM jaetektop CDF. na
coObITHi1 ¢ bD-MeYeHHeM 3H MeH Tejlb B BbILICIIPUBEAEHHOW (hopMylie ObLT p BeH
31,60 40,19 n6—1.

Jlns punentoHHON BBIOOPKM ¢ b-MeYeHHMEM H3MEpeHHOe IOoIepedHoe cede-
HUE POXeHUs (t-n1 ppl cocT BuIO oy = 7,09 + 0,49 (cr 1.) + 0,52 (cuer.) +
0,43 (cr.) = 7,09 &+ 0,84 16. DTOT pe3yabT T COOTBETCTBYET MPEACK 3 HHIO
KX 8 NLO-npuGmmxeHud ¥ H XOAUTCS B XOPOLIEM COINT CUM ¢ KOMOMHHUPO-
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B HHBIM pe3ynbT ToM Kot 6op muit CDF u DO mo Bcem H Omiom eMbIM H  Te-
B TPOHE K H JI M p ¢ o té-1 pol (o = 7,68 + 0,20 (et 1.) £ 0,36 (cucr.) =
7,09 £+ 0,84 16 [46]).

2.2.2. Omkpoimue 00unHo4H020 poskdeHusa t-xeé px . Brepsble mpearnoso-
KEHHE O TOM, YTO {-KB PKH MOTYT POXI ThCSl IOOIMHOYKE B BJIEKTPOCI OBIX
MIPOLIECC X B CTOJKHOBEHMSIX, MPOUCXOIINX IPU BBICOKOH ®HEPIUH, ObUIO BbI-
IBUHYTO B p Oote [47]. PoxaeHue OMMHOYHOTO ¢-KB PK TPOUCXOIOWUT WU Yepes
t-K H JIbHBIH IpOLIECC, MAYLIMH yepe3 oOMeH BUPTY JIbHbIM W -6030HOM B HpoO-
CTP HCTBEHHOMNOMOOHOMW 00J1 CTH MEXIy JIETKUM KB PKOM (u, d, S, ¢) U b-KB PKOM,
WM 4epe3 T K H 3bIB eMblil W i-niponece ( ccolMUpoOB HHOE POXIECHHUE {-KB PK H
W-6030H ), 1160 4Yepe3 S-K H JIbHBIN MPOLECC, KOTOPBIH MPOUCXOOUT O rox pst
oOMeHy BHPTY JIbHBIM 11/-6030HOM BO BPEMEHHUIIOZOOHON 00 CTH C TOCIEemylo-
muM o0p 30B HHeM t- U b-kB pkoB (puc.4). H TeB TpoHe HJOMUHHUPYIOIIUM ObLT
t-K H JIpHBINA Tporecc, Wi-niporiece Ob1 B 4 p 3 ¢ Oee, YeM S-K H JIbHBI.

ud @ b L t

b W w+

b t g d b

a 6 6

Puc. 4. Jlu rp MMBI TpeX MEX HHU3MOB OJMHOYHOIO POXAEHMS t-KB DK : ) ¢-K H JIbHBIiA;
6) Wt- ccounupoB HHOE POXJIEHHE; ) S-K H JIbHBII Iporecc

Ipenck 3 Hug CM @i cedeHHd pOXAEHHS OAWHOYHOTO {-KB PK IPU KOM-
OMH UM S- U {-K H JIBHBIX IPOLIECCOB COCT BIISIET O’E;M = 3,15+ 0,36 n6 B npu-
omuxennn NNLO [48,49]. Cnenyer y4ecTh, 4TO Ce4eHHE POXIACHUS OTUHOYHOTO
t-KB DK HpPONOPLMOH JILHO KB Ap Ty aieMeHT Vip-M Tpuubl CKM, urto i er
BO3MOXHOCTh C YYETOM IIOTPEIIHOCTEN TEOPEeTHUECKUX MpeAcK 3 HHUH HEemocpen-
CTBEHHO ONPENeINTh 3H ueHue Vy, 6e3 MpearonoxeHuil 0 KOJINYecTBe MOKOJICHHI
KB PKOB WM YHUT pHOCTH M Tpuisl CKM.

O H OuiofeHUU POXAEHHS] OOMHOYHOTO t-KB pK Kol 6op uuu CDF u DO
coobmmwtu B 2009 1. [50,51] mocme obp OOTKH I HHBIX, COOTBETCTBYIOIIUX HH-
Terp JbHOI cBetuMocTH 3 6~ 1. OCHOBHYIO MPOGIEMy MPEICT BT BBICOKHIL
toH oT cobpiTHii 06p 30B HUS W-6030H COBMECTHO C HECKOJIBKUMHU JIPOHHBIMHU
cTpysmu. [I HHBII npoliecc uMmeeT OOJbLIOE CEYeHHE M CXOXYI C CHUTH JIOM TO-
nosioruto. Ilocie H 4 jbHOro OTGOP COOBITUI JOJS CUTH JIBHBIX COOBITHII CO-
CT BJISUT TONBKO 5 %, 4TO TOp 310 MEHbIE HEONPENENEeHHOCTH B IPEAcK 3 H-
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HOM ypoBHe (poH . ENMHCTBEHH S BO3MOXHOCTb YCT HOBUTb H JEXHO H JIMYHE
COOBITHIT C OJIMHOYHBIM {-KB PKOM 3 KJIIOY JI Cb B HMCIIOJIb30B HUM METOIOB MHO-
rOMEpHOro H Ju3 [52], KOTOpbIe MO3BOJISIOT OOBEAMHUTH HECKOIIBKO JECSITKOB
I p METPOB COOBITUSI B OJMH JUCKPUMHUH HT, OOECIieYrB IOLIMH XOpolliee p 31e-
nenue curd 1 u o . B 2016 r. kot 6op must CDF ony6iukos 1 p 6oty [53],
B KOTOPOU IpHBENT MOCJEAHUEe YTOYHEHHbIE JI HHbIE [0 U3MEPEHUSIM CEUYCHHUS PO-
XIEHUS. OTUHOYHOTO t-KB PK H 0OCHOBe NoyiHbIX J HHbIX CDF, cooTBeTCTBYyIOLIMX
MHTETp JBHOIH cBeTHMocTH 9,5 6~ L.

Kpumepuu om6op  coboumuii. OCHOBHBIM KpuTepueMm oT60p coObITHIi ObLIO
H JIMYHe B HMX [BYX CTPyil C IomepedHoil sHeprueil B mpemen x 25 < EJ! <
200 I'eB u 20 < E]T2 < 120 T'sB coorsercrBeHHO. OgHOBpEMEHHO TPeOOB -
JI0Ch, 4TOOBI 00€ ®TH CTPyU ObUIM MAESHTU(DULIMPOB HbI KPEMHHUEBBIM JETEKTOPOM
B M I 30HE MHCEBIOOBICTPOTHI || < 2, ONH U3 HUX JOJIKH YHOBJETBOPSTH
fonoHATeNbHOMY yenosuio |1 < 0,9. CoGHITHS ¢ TpeMs CTPYSIMH NPUHUM JINCh
B H Jm3 npu yenosun 15 < EJ? < 100 ToB u |n] < 2,4. CoGbITHS ¢ Y4eTHIPbMsI
n Gornee CTPYSIMH P CCM TpPUB JIMCh TOJBKO HPH YCIOBHUH, YTO K XK S JOHOJIHH-
TENbH I CTPys ymoBierBopsier TpeGoB Husm Ep > 15 TeB u |n| < 24. s
yMeHblIeHHs (OH OT cuibHbIX B3 uMmopeicTBuil (KX MynbTUCTPYHHBIX COOBI-
THIi) BBOIWJIOCH TPeOOB HHME H yrojl MeXJ]y JByMs BENYLIMMH [0 SHEPTHU CTPY-
avu: AR > 0,8. CoGbITHs, YIOBIETBOPSIOIINE 9THM KPUTEPHSIM, COCT BISUTH T K
H 3bIB EMYIO0 «IIPEMEYEHHYI0» BBIOOPKY.

T xxe ans ymeHbiieHUs oH , cBsi3 HHoro ¢ KX]I-B3 UMOaEHCTBUIMHU, BBO-
AWIoCch TpeGOB HHUE, YTO 10 Kp iHeil Mepe OfH M3 JABYX BEIYLIMX II0 dHEPruH
ctpyii 6su1  b-meuennoit HOBIT- nroputmom [54], KOTOpBIi IPpUCB UB J1 K XIOi
crpye 3H yeHue oT 0 1o 1 (0 — HEeTOYHO MeYeHH 4 CTpysl, | — CUJIBHO MEYEHH $
ctpys). CoObiTHs ¢ nByMsS b-KB PK MM B KOHEYHOM COCTOSHMU P 3HEISUINCh H
3 k Teropuu: 1T — cOOBITHS C OMHON CHJIBHO MEUYEHHOU CTpyeil U HeMe4eHHOH,
TT — coObiTus ¢ JABYMSI CHJIBHO MEUYEHHbIMH CTpysIMH, TL — coObiTus ¢ oaHOu
CUJIBHO MEUEHHOU CTPYEH U OJHOW HETOUHO MEUYEHHOMU. Il jiee 3TU K Teropuu Moj-
p 3mensunch H 6 MOIK TErOpHil COINT CHO ITOJTHOMY KOJIMYECTBY CTPYH, K XI 4
13 NMOABBIOOPOK H JIM3UPOB JI Ch OTAENIBHO JUISl YBETMYEHHUS YyBCTBUTEIIBHOCTH H
1S p 30€1eHNs S- M t-K H JIbHBIX IporueccoB. DdeKTUBHOCTh OTOOP COCT B
25% mat-k a1 u 1,7% gngd s-K H 1 .

Bce coObiTus, npolleanive BbIIIEYK 3 HHbIE KUHEM THYECKHe KPUTepUU U
TpeOOB HUs 1O b-MeueHHIO, ObUIM IojeNieHbl H 2 BBIOOPKH: B OJHOI He ObUIO
UIEHTU(DULIMPOB HHBIX JIENTOHOB («IPeNOTOOPOYH s» BBIOOPK ), IPYr S comep-
XK 1 coOBITHS TO Kp iHEeH Mepe C OfHMM HIEHTU(UIMPOB HHBIM JIEITOHOM
(«amexTpocn 6 s» BBIOOPK ). IlepB s MCIOB30B J1 Cb UII H JIM3 CHIH JIBHBIX
COObITHIi, BTOp S — UIsl IPOBEPKHU Mojiesieid (DOHOBBIX COOBITHIA.

Mooenupoé Hue cueH JvHHIX U POHOBbIX cOObimull. BONBIIUHCTBO hU3NUe-
CKHX TIPOLIECCOB MOJETHPOB JIOCh ¢ momoinbio Monte-K prio-renep topos. s
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MOJIEIUPOB HHS POXIEHUS OJUHOYHOIO t-KB pK Hcnoib3oB Jjici POWHEG-rene-
p Top [55], doHosbie npoueccst W, Z+ ctpyn u W + ¢ ObUIM CMOIEIMPOB HBI C
nomoipio renep Top ALPGEN [43]. ITporp mm PYTHIA ucnons3oB 1 cb aiad
MOJENTMPOB HUs IUOO030HHBIX COOBITHIA, COOBITUI POXAECHHUS t1-11 PHI U POKICHUS
60300 Xurrc Bmecte ¢ W- un Z-6030n mu. T xxe PYTHIA Bmecte ¢ p crpe-
aenenueM 11 proHHbIX yHKuuil CTEQSL [56] ucnons3oB J1 ¢b BO BCEX CIyd X
MOJIEJTMPOB HUS 11 PTOHHBIX JIMBHEH. [l MOIETUpPOB HUS B3 UMOAEHCTBHS U CTHII
¢ nerekropoM CDF wucnons3oB jics GEANT [57].

K K yXe ynoMuH J10Ch, U1l OTHEIeHUs (DOHOBBIX U CUTH JIBHBIX COOBITHI UC-
[OJIb30B JIUCh METOIbl MHOTOMEPHOTO H JHU3 . B MHOrOMEpHBIX JUCKPUMHH HT X
UCIIONIB30B JIMCh HE TOJIBKO P 37MYHS B P CIPEAETICHUSIX CUTH 1 | (POH JUId K -
KIOTO I p METp , HO M KOPPEJSIMK MeXIy HUMHU. B mpenor6opouHoil BEIGOpKE
ocHOBHBIM (poHOM Obutn KXJI MympTHCTpYiiHBIE COOBITHS, JUIS OTAENEHHs KOTO-
PBIX OT CUTH JIbHBIX ObUI p 3p 60T H N NQcp MHOTOMEPHBII JUCKPUMUH HT, K K
IUIS TIOUCK  OJMHOYHOTO ¢-KB pK B s-K H Jjie [58]. CoObITus, yIOBICTBOPSIOIINE
MHHHM ITbHBIM TpeboB HUsIM N NQcp-AUCKPUMHH HT , TION ] IA B CHIH JIBHYIO
00J1 CTh, OCT JIBHBIE WCIIOIB30B JIMCH JUISl IIPOBEPKM NpPeAcK 3 HUH ()OH W3 A H-
ueiX. [locie nmposepku mnd K xknoit u3 1T-, TL-, TT- MJ-x Teropwuii cOOBITHIA BbI-
BOJIWJICSI MHOTOMEPHBIH KoppekTupyomuii MHoxuTenb (ot 0,7 1o 0,9) T K, 4TOOH
IPe/CK 3 HUS IS MOJHOrO (POH COOTBETCTBOB JIM M3MEPEHHBIM 1 HHBIM.

Jlyist Bcex COOBITHIA, IOI BIIMX B CHIH JIBHYIO OOJ1 CTh, ObUIM P 3p OOT HbI 1B
JOIOTHUTEBHBIX TUCKPUMUH HT , C IOMOIIBI0 KOTOPBIX P 3AENSJINCh CUTH JIbHbIE
coObITHS OT (POHOBBIX COOBITHIT V + cTpyH (/N Ny/jet-IUCKDUMHH HT), T KXe (o-
HOBbIE COOBITHS OT COOBITHI poxkaeHus ti-11 pol (N Ny -nuckpumud HT). N Nvjet-
AUCKPUMMH HT OBbUI IIPOBEPEH H CMOJEJIMPOB HHBIX COOBITHSX POXHEHHS OfIH-
HOYHOTO {-KB PK [UISl CUTH JIBHOTO II OJIOH M H cMonenupoB HHbIX KX]I Myrb-
TUCTPYHHBIX COOBITHSX ISt (poHOBOro 1 6s0H . st npoBepku N Ny -IUCKpH-
MUH HT T KX€ UCIIOJIb30B JICSl YK 3 HHBIH BbILLE CUIH JIbHBIA 11 OJIOH, B K -
yecTBe (POHOBOTO ObLT B3AT I OJIOH M3 CMOAEIUPOB HHBIX COOBITHH DPOXICHUS
tt-n per. DT B W Gnon  GbUIM OGbeNMHEHb B MOMHBIN JucKpumuH HT Nf,
corn cHo [58]. [lna s-k H 1 ucnonw3oB Jics N N, u3 [58], BMecte ¢ Nstig-
IUCKPUMUH HTOM OH MCIIOJIB30B JICS IS Nsti?—)mcxpnMMH HT TP OJHOBPEMEH-
HOM H JIU3€ S- U t-K H JIOB.

Cucmem muueckue noepeutnocmu. OCHOBHOH BKJI ]| B CUCTEM THUYECKHE IIO-
IPELIHOCTH BHOCHIU (poHOBbIE coObITUS V + KB pKH Tsixenoro pom T (V +HF),
norpettHocts Obu1  omeHeH (30 %) u BoILT B OKOHY TenbHBIN ¢put. I[lorpem-
HocTH OT acekTuBHOCTH b-Medenus muameHsimuch ot 20 1o 30 % st p 37MIHBIX
BbIOOpPOK [54]. OcT JibHBIE TOTPEIHOCTH OBUTM OIpeieNieHbl WM U3 HU3Mepe-
Huit (W + ¢ — 23 % [59]), i U3 TeopeTHUecKHX Mpeack 3 Huil (poxkjieHue
tt-n pot — 3,5 %, VV — 6 %, VH — 5 % [60, 41, 61]).

[orpeuinocts ot HOpMUPOBKH (hoH oT KXJI MynbTHCTPYHHBIX COOBITHI CO-
cr Bun 3-7%, or ceerumoctu — 6% [62]. Kpome TOro, morpemHocts adg-
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thexTuBHOCTH OTOOpP VIS JIENTOHOB COCT B 2%, T KXe B 2% ObUT OLIEHEeH
norpemwrHocTs PDF 1 morpemHocts B p 3HUIE 3(h(PEeKTUBHOCTH TPUITEP U IPU
MOJIenupoB HUU. [IOrpenIHocTs OT IIK JIbl 3HEPTHU CTPYH coCT BT 1-6 % mna
Bcex BoiOOpoK kpome KXJI oHOBBIX coObITHI. Bee crucTeM THYECKHE MOrPeriHo-
CTH BOLIUIM B OKOHY TeJIbHBINA (UT ¢ Mcnonb30B HUeM N N-IUCKPUMHH HT .
Pe3zynom mol uzmepeHua ceueHua poxoeHus oOuHouHoe2o t-ké pk . C yde-
TOM CHUCTEM THYECKMX MOrpPEIIHOCTEH VI H JIM3 UCIOoNb30B Jcd Meton b ilec ,
B KOTOPOM K XJIOMY He3 BUCHUMOMY UCTOYHHKY HOTPEIIHOCTEH CT BHUTCH B COOT-
BETCTBHE (DOHOBBIN I P METP C T YCCOBBIM P CIIPEAEICHHUEM IUIOTHOCTH BEPOITHO-
cti. KonmuuecTBo CUrd JibHbIX ¥ (POHOBBIX COOBITHIA ISl BLIOOPOK C ABYMSI M TpeMs
crpysamut st 1T-, TL-, TT-noaBeiO0pOK NpuBeaeHsl B T 0.4 1 5 COOTBETCTBEHHO.

T oman 4. KoanmvecTBo ¢OHOBBIX W CHTH JIBHBIX COOBITHI U1 BBIDOPOK C JABYMS CTPY-
avu 11 1T-, TL- u TT-noaBs160pok

K teropus 1T TL TT
tt-coObITus 242,9 £+ 24,3 84,8 +9,3 92,4+ 84
VH 12,6 £1,4 6,6 £0,8 7,6 +0,8
JIn6030HHbBIE COOBITHS 284,9 + 25,6 51,3 £4,6 37,2+34
V+ crpyn 6527,7 £ 1319,2 694,2 £ 113,3 220,2 £ 36,1
KX mynbTHCTpYiiHBIE CO-

GBITHS 8328,5 + 180,6 885,2 & 56,7 296,8 £ 31,8
S-K H JI POXJEHHS OMHOY-

HOTO -KB PK 86,2 47,2 41,8 + 23,0 45,9 £ 25,0
t-K H ]I pOXIEHUA OIUHOY-

HOTO £-KB PK 160,5 £ 253,2 10,8 +£ 10,3 9,2+8,8
Bcero 15643,4 + 1341,6 | 1774,8 + 129,6 | 709,3 + 55,7
H 6mon emoe 15312 1743 686

H3MepeHHOE MOIEpevYHOe CEeYeHUE POXKICHUS OTUHOYHOIO t-KB PK COCT -
BUWIO Og4t¢ = 3,531‘}:?2 n6 mpu npenck 3 Hunm CM 3,15 4+ 0,36 16 [48]. Abco-

JIOTHOE 3H YeHHe aneMeHT Vi, M Tpuisl CKM GbUTO MONYYIeHO U3 COOTHOLICHHS
s+t
2 _ 2 Oobs

WVinlone = [Vivlsm st e HHIeKCH «obs» U «SM» COOTBETCTBYIOT H OJIIO -
SM

€MOMY M TEOPETHYECKOMY 3H YEHHSIM COOTBETCTBEHHO. B MPEANIONOKEHUH, YTO

|th|§M = 1, u ¢ yyerom mpeack 3 Huil CM misd s- U t-K H JIOB U TEOPETH-
YecKHMX HOrpelHocTell mid nonepeyHoro ceyenust (5,8 % mngd s-k Ha1 u 6,2%
wist t-X °H 1) ¢ 95%-i BeposiTHOCTBIO HiKHsiss rp Hun st |Vip| p BE  0,63.
T kXe ObIIM MOJydeHb! 3H YEHHUS CeYeHUs IS OJMHOYHOIO POXAEHMS t-KB PK

0,93
C MOMOIIBI0 (PUTHUPOB HUA MO S- U t-K H J1 M OTHETBHO: 0y = 1,19*_‘0197 n6 npu

npezck 3 v CM 2,10 + 0,12 16; o, = 1,12f8:g; n6 npu npeack 3 Huu CM
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T omun 5. KonndectBo ¢OHOBBIX H CHTH JIbHBIX COOBITHI A/ BBIDOPOK C TpeMs CTpy-
avu 11 1T-, TL- u TT-noaBs160pok

K reropus 1T TL TT
tt-coObITHS 596,5 4+ 59,6 117,5 £ 12,8 109,5+£9,9
VH 6,0 +0,7 1,9+£0,2 2,2+0,2
JIn6030HHBIE COOBITUS 107,7 £ 9,7 15,7+ 1,5 8,8 +£0,8
V4 crpyn 1609,5 £ 325,5 164,5 4+ 26,9 50,4 £ 8,4
KX mynbTucTpyiiHbie co-

1818,2 £ 48,7 187,56 £ 14,7 55,9+ 7,7

ObITHS

S-K H JI pOXAEHHUs OOUHOY-

HOTO £-KB PK 45,7 £ 25,0 15,4 + 8,4 16,2+ 8,9
t-K H JI POXJIEHUS OJUHOY-

HOTO {-KB PK 82,2+ 78,5 7,571 6,8 +6,5
Beero 4265,7 + 344,6 | 510,0 + 35,1 | 249,8 + 18,7
H o6mox emoe 4198 490 237

1,06£0,06 16 [48] cooTBEeTCTBEHHO. DTH pe3y/bT Thl OBUTH OOBEIMHEHBI C ITOCIIE/I-
HUMH HU3MEPEHMSIMH CEYeHHUS! POXIECHUS OAMHOYHOIO {-KB PK , MOJYYEHHBIMH U3
lVbB—Bbl6opK1/1 [64], Bkmiou g Wt-K H J1, B IPEANONIOXEHNH, YTO M cC t-KB PK
coct Biger 172,5 I'sB/c?. B pe3ynsT Te 3H YeHHE MONEPEYHOro CEYeHHs COCT -
BUIIO Ogit4 Wt = 3,02f8ﬁg 16, npu 3ToM ¢ 95%-M ypOoBHEM JOCTOBEPHOCTH ObLI
noiydeH HikHui npegen mst |Vi,| > 0,84. Tlpu a10M ceveHne poXaeHus TOIBKO
W1 t-K H J COCT BWJIO 0y = 1,65f8’§2 6. D10 H uboJiee TOYHBIE PE3YJIBT Thl,
nonydenssie H CDF s nosiHoro H éop I HHbIX. IT0 s-K H 11y COBMECTHBIII pe-
3yibT T Kot 6op uuit CDF u DO coct Bun o = 1,291‘8:32 CO CT THUCTHUYECKOU

3H YUMOCTEBIO 50, YTO YK 3bIB €T H o0H pPyxeHue npouecc .

2.3. U3mepenne M ccol t-kB pKk H CDF. M cc ¢-KB pK SBIIETCS OTHUM
u3 m p MerpoB CM U Wrp €T UCKIIIOUUTENbHYIO B XHOCTh B MPOBEPKE HENPOTHU-
BopeunBocTd CM (TOYHbIe M3MEpeHHs M cC t-KB pK W W-0030H MO3BOJISIOT
ompeeanuTh M cCcy 0030H XHUITC M Cp BHUTh €€ 3H Y€HHE C J HHBIMU IMPSIMOro
u3MepeHns 9Toi M cchl). Kpome Toro, B COOTBETCTBUH ¢ KocMomoruei [65] M cc
t-KB pPK BMecTe C M ccoil 6030H XWITC OIpeNeNsioT CT OWIBHOCTD BIIEKTPO-
¢ 6oro B KyyM : mo CM B KyyM MeT CT OWIEH, U ero BO3MOXHBII p CH 1 OYeHb
CUJIBHO 3 BUCHUT OT M CChl t-KB pK . M3MepeHHs M cChl {-KB PK MOXHO P 3-
JIEeTUTh H TIpsIMble W HENpsMbie; B CBOIO OYepe/b, MpsSMble U3MEPEHUsS MOXKHO
CTPYIIITUPOB Th B TPH K TETOPUHU: METON I OJOHOB, METOI M TPUYHOTO DIEMEHT
U METOJ UIEeOrp MMBI (CM., H mpumep, B [9]).

B Metoze 11 6JI0HOB HCIIOJIB3YIOTCS P CIPEe/IeH s IVIOTHOCTH BEPOSITHOCTH,
CBSI3 HHBIE C M CCOMi {-KB DK KHHEM THYECKHX H OJIIO[l eMbIX, KOTOPbIC H 3bIB -
10Tcs 1 OsoH Mu. [[J1d momydeHus m OGJIOHOB HCHIONB3YIOTCS pe3ylbT Thl MoOHTe-
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K pro-monenupos Hus, IPHYEM 1T P METP MU CUTH JIBHBIX I OJIOHOB KPOME M C-
CBI {-KB PK M, ABIAIOTCA U Jpyrue BeJTMYUHBI, H MpuMep KoahpHIUEHTH Koppe-
JIILUU HEepruu crpyi. YyBCTBUTENIBHOCT METOL K M cC€ {-KB PK 177+ OIIpENes-
€TCsl U3 Cp BHEHMSI 9KCIIEPUMEHT JIbHBIX P CIpeleneHuid U1 BhIOp HHBIX H OJiio-
I eMbIX C II OJOH MM, H IpUMep, HOCPEeICTBOM (DUTHPOB HHS P CIIpEAeSeHUI
METOIOM M KCHM JIBHOTO IIp BIOHOOOMSI.

B Merose M TPUYHOIO 3JIEMEHT BBIYHCIISETCS IUIOTHOCTh BEPOSITHOCTH Feyt
Jl HHOTO IIPOLIECC B MPEIIONOKEHHH POXAeHus tt-11 pbl Pyjg 1M (POHOBOIO MpO-
necc Pikg K K pyHKIMA ™My W, BO3MOXHO, APYrMX I p MeTpoB. OUeBUIHO, YTO
Pyt = fPag+ (1 — f)Pokg, Iie f — HONS CUTH JIBHBIX COOBITHIL, OIIpeseiseM s
u3 1 HHbIX. IT p merpnl Psig U Poig BBHIP X I0TCA Yepe3 COOTBETCTBYIOILME M -
TPUYHbIE 71EMEHTBI Mig U Mpye C YIETOM 9KCIIEPHUMEHT JIbHBIX P 3pEIeHHI st
cTpyit u nenToHoB. K K mp BWIIO, B BBIYMCIICHUSX YYHUTBHIB IOTCS BCE BO3MOXKHBIE
KOMOMH IIMU CTpPYSi—II PTOH, B3BEIIEHHbIE B 3 BUCHMMOCTH OT UX COINl COB HUH
¢ uHGOPM LHMel OT CHCTEeMBbl MeueHHd b-KB PKOB. UyBCTBUTENBHOCTh METOH K
H XOXIEHHMIO M CChl {-KB PK OIpelessIeTcss M KCUMH3 LiMell KOMOMHUPOB HHOU
(yHKIIMM M KCHM JIBHOTO IIp BIOMOAOOMS IS BCEX COOBITHI.

Merox upeorp MMbl MOXHO P CCM TPHB Th K K NPHOJIMIKEHHbIH METOI M -
TPUYHOTO 3JEMEHT , T K K K B HEM 3H YEHHUS IUIOTHOCTU BEPOSTHOCTH T KXe
BBIUMCIIAIOTCS JUIS K XJIOTO COOBITHSL B NPEATIONOXEHUA POXIACHUS (i-TI Pbl WIK
conosoro npouecc . I1 p merp Fijg, B OTINYME OT METOX M TPUYHOI'O BJIEMEHT |,
BBIUMCIISIETCS Yepe3 (PUTUPOB HME KWHEM THYECKMX X P KTEPHCTHK IpPOIYKTOB
pcoa t-KB PK OT OpeiT-BUTHEPOBCKMX PE30H HCOB C y4E€TOM COOTBETCTBYIO-
IIMX DKCHEPUMEHT JIbHBIX P 3pelleHuil. Bce BO3MOXHbIE KOMOMH LIUM CTpPYS—
I PTOH OOBIYHO B3BEIIMB IOTCS C YYETOM HX COIJI COB HHOCTH C MH(OPM Huei
0 MeuYeHHH COOBITHI ¢ b-KB PK MHU U B 3 BUCUMOCTH OT 3H yenus (—lg x?), momy-
YEHHOT'O B Pe3yNIbT Te (PUTUPOB HMSl KUHEM THYECKHX X P KTEPUCTHK MPOLYKTOB
pecoa, 3 TeM cyMMupylOTCsS. UyBCTBHTENBHOCTh METOHN K H XOXHEHHIO 1t
ornpezensdercsd, K K 1 B METOIeé M TPUYHOTO 3JIEMEHT .

[IpeumymiectBo MeTox 1 OJIOH COCTOMT B TOM, YTO OH He TpeOyeT HHK -
KOH JIONOJIHUTENBHOM K JIMOPOBKM B mHpoliecce H JIM3 JI HHBIX, T K K K II -
OJIOHBI P CCUMTHIB IOTCSI HEMOCPEICTBEHHO U3 COOBITHIH, CMOJETUPOB HHBIX Me-
togoM Monte-K prno. [Ipu # nuse n HHpix CDF u DO 1995 r. ucnons3os ncs
UMEHHO 3TOT MeTol. IIpenMyInecTBOM METOL M TPHYHOIO JIEMEHT SBISeTcs TO,
410, cort cHO jemMme Heiim H —Ilupcon [66], oH oOecrieudB €T H MMEHBIIIYIO
BO3MOXHYIO CT TUCTMYECKYIO MOTIPEIIHOCTh, MOTOMY YTO B HEM H JIU3UPYIOTCH
MOJTHBIE 4-BEKTOPhI OOBEKTOB B KOHEYHOM COCTOSHHUH. DTOT METO 0OECIeuuB €T
T KXe Oojiee TOUHYI0 OLIEHKY CHCTEM THYECKHMX IOTPEIIHOCTEeH, T K K K B HEM
OLICHUB €TCS MX BO3AEHCTBHE H KOHEYHBIH Pe3ylbT T B P MK X KOHKPETHOW MO-
JeJIH, OTMCBIB MO C MOMOIIBI0 KB AP TOB MOAYIEH M TPHYHBIX BJIEMEHTOB VIS
CHrH 1 H ¢OH , |Msig|2, |Mbkg|2, C Y4ETOM BKCIIEPUMEHT JIbHBIX P 3pEIICHHIA.
Henoct TKOM MeTOx M TPHUYHOTO 3JIEMEHT SIBIISIIOTCS BHICOKHE TPEOOB HHS K BbI-
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YUCIIUTEJIbHBIM PECYpPC M. Meron HUAEOrp MMbL Tpe6yeT 3H YUTECJIbHO MECHBIICTO
BpPEMEHU JIA BBIYMUCIICHUSA, YTO ABIACTCA €ro IMPEUMYIIECTBOM.

IIpu npsAMBIX H3MEPEHUSIX M CChl {-KB PK 1M; HCIOJB3YIOTCS T€HEP TOPbI
coObITHiT poxieHus t-kB pk MmertonoM MonTte-K pio, B KOTOpble BXOAMT II -
p Metp M ccol mMC, mosTOMY CyIleCTByeT 3 BUCHMOCTh M3MEDEHHOH M CCHI OT
TEOPETHYECKOi MOJIeIU, OIKCHIB I0leil 0Op 30B HUE JIMBHEH KB PKOB M INIIOOHOB
B KOHEYHOM COCTOSHUM, T KX€ MOCIEeAyIIIUe IPOLUECChl IPOHU3 UUH. DT 3 -
BHCHUMOCTh — HCTOYHUK CHUCTEM THYECKHX IorpemmHocteil nopank Aqcp [67],
KOTOp § YYHUTBIB €TCS B PE3ylbT T X U3MepeHHil. UHcIeHHOe 3H YeHHe M CChl
3 BHCHUT OT ee omnpezeneHus (H npumep, B npubnmxenud NNLO CM-p 3nuuue
mexay mP® u mMS cocr Bser okono 10 TaB/c?). Onpenenenne mMS B rene-
P TOp X He BKJIIOY eT B cebsi Monp BKH, CBSI3 HHbIE C MPOLECC MU 00p 30B HUM
Il PTOHHBIX JIUBHEH WM JAPOHU3 LMH, MOTOMY HPUOIM3UTENFHO COOTBETCTBYET

3H YEHUIO mf"le ¢ HeomnpeneaeHHocTeio 1 [eB [68, 67].

[lepBble HempsAMbIe U3MEPEHUSI M CCHI t-KB PK 1My, B KOTOPBIX YA JIOCh U3-
6ex Thb HeompeseneHHocTH Mexay mMC u mp °l¢  GbUIM BHIOIHEHB B YKCIIe-
pumente CDF B 2008 1. 1 cr tuctuke 1,2 61 [69]. M cc onpenensin cb
U3 COIOCT BJICHHS! DKCIIEPUMEHT JIbHBIX I HHBIX I10 CEUEHHUSIM I PHOTO 00p 30B -
HH4 t-KB PKOB 07 C p CH I MH IO JIENTOHHOMY K H JIy ¢ mpeack 3 Husmu CM,
IPU BTOM UCIOJIB30B Jjoch NLO-nipubnuxenune [70]. 3H yeHHe M CChl COCT BHJIO
mP°'® = 178+11 B,

2.3.1. H3mepenua m ccol t-k6 pK 6 JlenmoH-CIMPYUHOU MOde P Cn O .
K K yXe ymnomMuH JOCh, IpHU JIENTOH-CTPYWHOH MoOje p CI A OAMH U3 JABYX
W -6030HOB p cIl 1 €Tcsl H II py KB PK— HTUKB pK, JIpyrod — H 3JIEKTPOH
WK MIOOH IUTIOC HEUTPUHO (CM. puc. 3, ). TpurrepHoii CUrH Typou CIyX T 0OJIb-
I S HEJIOCT 0L § IOIEPEeYH s DHEPrusi B COOBITUU M JIENTOH C OOJIBIIUM HOIe-
PEYHBIM HMITYJIbCOM. DTOT K H JI CUUT €Tcd H WIyYIIMM 11 U3y4eHHUsS CBOMCTB
t-KB PK H3-3 XOpOIIEro Komrnpomucc Mexnay opsHunaroM (30 %) u 4MCTOTOM
BeIOOpKH. COOTHOLIEHHE CUTH JI-IIYyM COCT BisdeT mopsiak 1/1, HO MOXeT ObITh
nosezieHo 70 20/1 mpu WCMONb30B HUM b-MEUYESHMUS.

CWrH Typ [JIsi JIENTOH-CTPYHHON MOJIBI P CIT 1 £1-T1 PbI LIEHTP JILHOM OO -
cti CDF cocTouT u3 cieaylomux KOMIIOHEHTOB: BBICOKO®HEPTETUYECKOIo 3JIeK-
TPOH , OOH PYXEHHOro B LIEHTD JIbHOM 3JIEKTPOM THUTHOM K JIOPUMETpE, WM
MIOOH € OOJIBIINM HMMITYJIbCOM, OOH PYXXEHHOTO B MIOOHHBIX K MEp X LEHTP JIb-
HOHW 30HBI; HE MEHee YeThIpeX APOHHBIX CTPYH; OOJBILION HEemoCT IomIel Iore-
peuHoii sHepruu. Kpome Toro, 4 cTpyu JOJKHBI OBITH CBSI3 HBI C YETBHIPHMS H -
Y JIbHBIMU I PTOH MHU. [[Be U3 HUX COOTBETCTBYIOT JAPOHM3 IMU ABYX H-KB DKOB,

JIBe JpyrHe HPOUCXOMIT OT ABYX JIETKUX KB PKOB (u, d WIH ¢, S) OT JPOHHOTO
p cu n W-60o30H .

Kpumepuu ombop cobuimuii. Ing H 113 HeoOXomumo ObUI0 0TOOp Th CO-

ObITHS P CII A ti-II Pbl, YIOBJIETBOPSIOUIME CIEAYIOUIUM OOGLIIUM TPeGOB HUSIM.
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CoObITHE JTOJKHO COfiepX Th K K MUHUMYM 4 ctpyu ¢ B > 15 I'sB. Ecnu B Hem
H OJIIOJ JIUCh JIB JICTITOHHBIX TPEK , COOTBETCTBYIOIIMX IPOUCXOXIECHUIO OT P C-
n g Z°-6030H , To cobpTHE 0TGP CbIB Joch. T KXe OTOp ChIB JUCh COOBITHS,
K11 ccuunupoB HHbIe K K KXI-cOOBITHS ClIEH JIbHBIM JITOPUTMOM, [IPOBEPSIIO-
LM H TP BJIEHHE BEKTOP HEAOCT IOIIEei ®HEepruy IO OTHOIICHUIO K BeLyIleH
(r.e. o6 x romell M KcuM JIbHOH ®Heprueid) crtpye. [locne Toro x K cobbiTHe
PEKOHCTPYMPOB HO, OHO JIOJUKHO YIOBJIETBOPATH YCIOBUIO X2 < 9 1 Nydinero
COOTHECEHHMsI 11 PTOHOB U cTpyil. KpoMe TOro, nepBuYH sl BEPLIMH JOKH OBITH
B mipezienn X 60 CM OT TOYKH IepecedeHus MmyykoB.

I coOBITUI ¢ DIEKTPOH MH HEOOXOAMMO OBUTO BBECTH KpUTEpHil 000c00-
JICHHOCTH (H TIOMHHM, YTO TIOTIEPEYH s BHEPIrusi, M3MEpeHH g1 B KOoHyce R =
0,4, 06p 30B HHOM BOKPYT JIENTOH , TOJMKH ObITh MeHee 10 %, ueM sHeprust or
ANEKTPOH -K HAWI T ). T KXe 2J1eKTPOH JIOKeH ObITh OOH PYXeH B LIEHTDP JIbHOM
DIIEKTPOM THUTHOM K JIOPHUMETpE, T. €. YIOBJIETBOPTh TpeboB Husim Ep > 20 ['sB
B MHTEpB Jie mceBaobbicTpoThl | < |1,0. OTHOLIEHHE ®HEPrHH B K JIOPUMETPE
K UMIYJIbCYy TpeK Ep/pr momxHO Gbith He Gojiee 2 UIS ®JIEKTPOHOB C pr <
50 T'eB/c [71]. BolgenuBmuecs B JPOHHOM U 9JIEKTPOM THUTHOM K JIODUMETP X
SHEPIrUH JIOJIKHBI YHAOBIETBOPSTh YCIOBUK: Ehad/Fom < 0,055 + 0,00045 - Fop,.
CoObITHE OTOP CBIB JIOCH, €CIIH DJIEKTPOH-TIO3UTPOHH s 11 P PEKOHCTPYHPOB J Ch
K K 00Op 30B BII $ICS B Pe3yJbT T€ KOHBEPCHHU (POTOH .

IIpu orbope cOOBITHII C MIOOH MH HEOOXOIUMO ObLIO, YTOOBI MIOOH OO -
11 pr > 20 TeB/c B unreps se nceBmnoObicTpoTHL || < 1,0, ero Tpek mmen
TPEKOBbIE CEIMEHTHI (stubs) B MIOOHHBIX OpeiloBBIX K MEp X — LEHTP JIbHOM
MIOOHHOH U B ee MomepHu3npoB HHoW 4 ctu (CMU u CMP) unu B p crumpeH-
HOU IIEHTp JIbHOW MIOOHHOM jpeiipoBoii K Mepe (CMX). AH JIOTHYHO COOBITHIM
C ®JEKTPOH MH BBOIWICS KPHUTEpUil 000COOJIEHHOCTH: TOJH s ®HEPIUs B K JIO-
puMmeTpe BOJIM3M MIOOHHOTO TPeK , 3 HCKJIIOUeHHeM O IIHU, KOTOPYIO TOT TpeK
nepecek €T, 1oJKH ObiTh MeHee 10 % oT momnepeyHoro UMmysbc Tpek . Kpome
TOT0, MIOOH HE JIOJXKeH OBbITh MAEHTU(UIMPOB H K K KOCMHYECKHH.

H mnpucyrcTBie HEUTPUHO YK 3bIB JI UCO J1 HC DHEPIHU B IONEPEUHOM III0C-
Koctd. HemocT rom 5 momepeyH g »HEPrys ONpeneisai Cb MpOoeKUuell dHepreTu-
YecKMX BKJI JIOB BCeX O IIEH K JIOPUMETPOB H TIONEPEYHYI0 IIIOCKocTh. Tpebye-
MO€ 3H YeHHE HEeNOCT IOIIel NOoNepeyHoi ®Heprun JOIKHO ObTh G6ombiie 20 5B
[ocsie MOMNp BOK IPU BOCCT HOBJIEHHM HMITYJIbC MIOOHOB M YTOUYHEHMS SHEPIUU
CTpYH B K JIOpUMETpE.

Pexoncmpykyua m ccol t-k6 pk  memooom w 6ao0Ho6. Tloctyn i 4 ¢ je-
TEKTOp MH(OPM 1M MO  OBITH WCIIONB30B H JUIl PEKOHCTPYKLMH U OTOOP
COOBITHII JINIIb TIOCIIE CIIOKHBIX BBIYMCIIEHHUH, MMO3BOJIIIOIIMX TOMYYUTh I P Me-
Tphl (hpu3n4YecKux OOBEKTOB. B 0co00ii cremeHM 3TO OTHOCWIOCH K JIPOHHBIM
CTPYSM, LIS PEKOHCTPYKLIMHU KOTOPBIX HCIIOJIB30B JIMCh CIIOXHBIE UTE€P LIMOHHBIE

JITOPUTMBI KJI CTEPH3 LMK M MPUMEHSIOCh HECKOJIBKO YpPOBHEH MOIp BOK, KOp-
PEKTHUPYIOIIMX P 3JIMYHBIE JETEKTOPHbIE U (pruznueckue 3(PpeKThl, UCK XK IOIIHe
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4-umIynbC I PTOH MpH INEepexofe K K JIOpUMeTpudecKoMmy ypoBHO. Oxup e-
MBIH BKJI I OT ®THX MCK KEHHWH B CUCTEM THYECKYI0 OIIMOKY siBisuics H ubosee
3H YUTEJIbHbIM.

[Ipu peKOHCTPYKIMHU COOBITHIA MPEAIION T JIOCh, YTO H Omiof embie 4 nepBbie
1o yObIB HHMIO ®HEPIUM CTPYH MPOUCXOAIT OT 4 KB PKOB CHUCTEMBI OT P CII [
tt-1 ppi. Ho cymiecTByer BepOSITHOCTb, UTO ~ 40 % STUX COOBITHII COHEPXKUT
CTpyH, MPOUCXOAAIINE OT INIIOOHHOIO U3JIy4eHUs, BBI3B HHOIO CT JIKUB IOIIUMHCH
I PTOH MU WJIM KB PK MU KOHEYHOTO COCTOSIHMS, YTO NMPHUBOIUT K HEBEPHBIM CO-
OTHECeHUSIM B KUHEM THKe coObiTUs. V3-3 Herlp BHJIBHOIO COOTHECEHHs PEKOH-
CTPYUPOB HHBIX CTPYH C KB PK MU KOHEYHOIO COCTOSHUS PEKOHCTPYMPOB HH f
M cc t-KB PK JOILKH P CCM TPUB ThCd HE K K U3MEPEHHE M CChl B KOHKPET-
HOM COOBITUH, K K BEJIMYMH , CHJIBHO 3 BUCSLI 5 OT M CChI {-KB PK .

B nenTon-cTpyiiHOI Moje M cc  t-KB pK OINpeAessil Cb IPU MOMOLIU Me-
TOX I GJIOHOB, COCTOSILErO B CONOCT BJIEHMH DKCIIEPUMEHT JIBHOTO P CIIpefie-
JIEHUS OLIEHOYHOH MepeMeHHOH C p CIpelereHUsIMU, TIOTY4YeHHBIMHA B PE3YJIbT Te
MOJIEIUPOB HHSl IPU P 3IMYHBIX 3H YEHUSAX U3MepseMoil BenuuuHsl [72]. Oue-
HOYH 4 INEepeMEeHH f (WIM 3CTUM TOp) JOIXH CHJIBHO KOPpENIUpOB Thb C U3Me-
pseMOM BEIMUMHOW. B K yecTBe 3CTHM TOpP HCIOJIB30B JI Cb BOCCT HOBJIEHH
M cc t-KB pK ( {g;o), IIOJIy4EHH 5 B PE3YJIBT TE KMHEM THYECKON PEKOHCTPYK-
LMK COOBITUI-K HIMJ TOB B IIPEIIIONIOKEHUH, YTO COOBITHE TPEACT BisieT coOoi
p ci I tE-1l pbl B JIENTOH-CTPYiiHOI Moze. TIOCKOJIBKY UCCIIEfyeM s BBIGOPK CO-
JepX 1 H 6Op u3 (POHOBBIX M CHIH JIBHBIX COOBITHH, criekTp M{55° BKIIOY JI
BKJI Il OT OOOMX THUIOB COOBITHH, YTO HEOOXOAUMO OBUIO YUUTBHIB Th NPHU MOLIE-
JUPOB HUM. DT BEJIMYHMH HE MO CYUT ThCSI U3MEPEHHOM M cCOil {-KB pK B
K KIOM OTJEJIbHOM COOBITUH, T K K K B OOJIBIIONW Y CTH CHIH JIbHBIX COOBITHIA
(~ 40 %) npu peKOHCTPYKLMU MPOUCXOAWIO OIIMOOYHOE NPUCBOEGHHE IPOHHBIX
CTPYH [IpU BOCCT HOBIIEHUH ti-11 pbl 1 W-GO30H .

3u yenne MS5® Uit K KAOrO COOBITHS BBIYMCIISUIOCH MUHUMU3 LIMEH (DyHK-
LHOH J1 X2 B KOTOPOM B K 4E€CTBE BXOIHBIX HEPEMEHHBIX HCIOJIb30B JIUCh M3Me-
PEHHBIE BEJIMYHMHBI U UX MOTPEIIHOCTH:

i,fit i,datay2 ( UE, fit UE,data 2
i — D2 D —p.; )
V2= Z (Pr UZQ’T ) + Z J 02] +
i=l,4jet @ j=m,y J
2 2
L M5 — Mw)® | (M — Mw)®  (Myj; — Mi5s°) N (Myr, — MSe°)
Yy Iy I? 7

IlepBbiil uieH (yHKIMOH J1 onpenesseT GuIyKTy LUI0 MONEPEYHbIX UMITYJIb-
COB JIENTOH U CTPYH B MpefeN X OMHUOOK W3MepeHHs. BTOpOi BBHIOHIET Ty Xe
(pyHKLMIO A1 MONEPEYHbIX KOMIIOHEHT BHEKJI CTEPHOIl 3Hepruu (T.e. dHEepruu
BHE IJ1 BHOTO I PTOHHOIO B3 UMOJEHCTBUS). [IB TMOCIeqylImuX 4WieH OTBeY 10T
3 PEKOHCTPYKLIMIO MHB PU HTHBIX M cc W-6030H0B My = 80,42 TsB/c?. JIna
My npuHEM etcd p crupeneiienne [ ycc ¢ OImMOKO#, p BHOW IIMpUHE p CIT 1
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I'w = 2,12 T'sB/c?. Tlocnennve AB 4ieH OTBeY 10T 3 PEKOHCTPYKIIMIO MH-
B PH HTHBIX M CC {-KB PKOB, s M55 npunum ercst p cnpepenenue I' yce
¢ omubKoi, p BHOI mmpuHe p cn 1 1,32 I'sB/c2.

ITockonbKy B 1 HHOM H Ju3e b-MeueHHe He MPOU3BOAMIOCH, YUCIO BO3MOX-
HBIX NPUCBOEGHUII YETHIpEX CTPYH ABYM t-KB pK M ObUIO p BHO 12, KpoMme ®TOro
CYILECTBYET HEOIPEAETICHHOCTh 3H K IPOJOIbHOM KOMIIOHEHTBHI MMITYJIbC HEMi-
tpuHo. T xum 06p 30M, 6bITO HEOOXOAMMO BOCCT H BIMB Thb M CCy {-KB pK 24
P 3 B OOHOM COOBITHH, COOTBETCTBEHHO, IOJIyY JIUCh 24 3H 4YeHHs tr(‘fgo. K -
KJIOMY 3H YEHHIO COOTBETCTBOB JIO OIIpeje/ieHHOe 3H 4eHHe X2, ClyX Liee Me-
poii K yecTB ®TOH peKoHCTpyKuuu. M3 Momenupos HMS ciiefoB J10, 4TO B Oosee
YeM TIOJIOBUHE CITyd €B KOMOMH IMSl C H MMEHBIIUM X2 SBJIAI Cb 1P BUJIBHOI
M B M CCOBBIA CIIEKTp BKIIIOY JIOCH COOTBeTCTBYIoLIee 3H yenue Miso°. Cobbirus,
JUI KOTOPBIX H WIYYIN § KOMOMH Ius uMen X2 > 9, oTOp ChIB JIHCh.

Jlst co3n HHSL M CCOBBIX LI OJIOHOB BBIOMP JICS MHTEPB J1 M CC B OKPECTHO-
crax oxua emoro 3H 4yeHust (170 I'sB) T K, 4TOOBI IEPEKPHITh OXUI €MOE OTKJIO-
HEeHHUe OT ®TOH M cchl 6orniee 4eM H 30. B aTOM MHTEpB Js1e Obl1 BEIOp H psaa (puk-
CHPOB HHBIX 3H 4eHMd M cc (M;), wid K XIOH M CChl M3 HHUX ObLIO IPOBEIEHO
Monre-K pio-MoneupoB HUE A GONBLIONO YMCIT COOBITHEA p Cm A ti-1 pbl
(m p MeTp M; UCHIONB30B JICA MPOTP MMOU-TEHEP TOPOM B K YECTBE BXOIHOTO).
[Mony4eHHbie COOBITHS 3 TEM PEKOHCTPYMPOB JIMCh OIUC HHBIM BBILIE CIIOCOOOM.
[onyyennoe p cupenenenne Mgr® it BXOAHON M CCbl M H 3bIB €TCS CUTH Jib-
HBIM M CCOBBIM I OJIOHOM.

T kXe ObUIM CreHepupoB Hbl H OOpBI COOBITHI TSI MOIEIMPOB HUS (POH ,
IPU DTOM IMPOBOIWI Chb T Xe IMpOLeayp OTOOp U PEeKOHCTPYKLMH, YTO M JUIs
coOpiTii p ¢ g tt-m pel. M3 Hux ObU1 cO30 H eauHBIA (DOHOBBIA 1 OJIOH, B
KOTOPOM BKJI bl P 3JIMYHBIX [POLIECCOB KOMOMHHMPOB JIMCh COIVI CHO OXHI eMOMH
Jolie K XKIOro TUNl (oH .

CurH JbHBIE M CCOBBIE I OJIOHBI I P METPU3UPOB JIUCh (DYHKIMEH IIOTHO-
cTH BeposTHOCTH P518( top 3 M), IPEACT BISIOIIEH BEPOSITHOCTD MOMyYCHHS pe-
KOHCTPYMPOB HHOU M cCbl M{S5® npu «MCTUHHOM» M cce 1. POHOBBIH W G10H
I p METPU3UPOB JICS (PyHKIMEH IUIOTHOCTH BEPOSTHOCTH H JIOTHYHBIM 00p 30M,
HO B ®TOM CIIy4d € HeT 3 BUCHMOCTH OT M CChI t-KB pK . DyHKIMS Ip BHONOIO-
O1s1, ONKCHIB 101l sI BEPOATHOCTh TOTO, YTO B 1l HHBIX COHNEPX TCS U (POHOBBIE, U
CHTH JIbHBIE COOBITUS P CIT A tI-II PBbI, ONPEAENT Cb YP BHEHUEM

__ rshape constr
[ = [shape . fconstr

rae
—(n. N N si reco . b reco
LShape(m ) =2 (né+nb)<n8 + nb) ns Pe( top,i’ mt) +m P g(MtOP,i)
L) =
N! Pl ns + np ’
2
1 ny — nest
Lconstr = exp _5 estb
9y
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B LSP@P¢ j_ji yjgen moj 3H KOM IIPOM3BEIEHMS JI €T BEPOSTHOCTb TOTO, UTO

TS 4-T0 cOOBITH M3 BHIOOPKM I HHBIX IOJYYMTCS 3H YeHHe M ccbl Mi5oe npu
CUTH JIbHOM (PyHKIIMU TUIOTHOCTH BEPOSTHOCTH PSig( {gf)ogmt) U191 M CChI t-
I reco ).
KB pPK ™My H (bOHOBOI/{ (PYHKUMH IUIOTHOCTH BeposTHOCTH Ppe ( topﬂ-), N —
MIOJTHOE YMCIIO COOBITHH B BBIOOPKE; 75 M 7 — KOJWYECTB CHUTH JIBHBIX U Do-
HOBBIX COOBITHI. YieH (yHKIuHu 1Ip Baomogo6us L™ omucwIB er GIyKTy LHio
KOJIN4YeCTB (DOHOBBIX COOBITUH MO P crpepeleHuio [ ycc ¢ COOTBETCTBYIOLIMMU
est est
3H 4eHHIMH cpegHero (nf™) u neompemenennoctu (of™). 3H deHue my, Opu
KoTopoM (pyHKIMS L HOCTUT €T M KCHMYM , TIPUHUM €TCSl 3 H3MEpPEHHYI0 M cCy
t-kB pK (puc.5). CT THCTHYECKHE IMOTrPEIlHOCTH OUEHHB JIMCh K K Amy, 1npu

Kotopoit — In (L/Lax) yBenuuus ercs H 0,5.

S

EIZ—

| i

10 ¢

81

6F

4 ID 950
- Entries 580
7 [ Mean 192.3
C RMS 18.31
I AN AR AR

160 170 180 190 200 210 Ny,

Puc. 5. 3 Bucumocts nor pucpm (c 0o6p THBIM 3H KOM) OTHOCHTENIbHOH (DyHKIUH TP BIO-
nogo6ust oT M ccbl t-KB pK . ITosiydeHH s METOZOM M KCHM JIBHOIO IIp BHONOHOOHS M CC
COOTBETCTBYET MIHHUMYMY 3TOH 3 BHCHMOCTH

Peszynom mot usmepenus m ccol t-k6 pk  6e3 ucnoav3oe Hua b-meuenus.
C HCIOTb30B HUEM BBIIICONAC HHOTO METOI W3 I HHBIX, H Op HHBIX C YCT HOBKU
CDF B nepuon ¢ M pr 2002 r. 1o chep a6 2006 T. (1 $p6~1), 6611 0TOGD HBI
700 cobbiThit; u3 HUX 645 ynoBIeTBOPAIOT TPeGOB Hu Y2 < 9. OXuI eMoe uu-
cJ10 ()OHOBBIX M CHUTH JIBHBIX COOBITHI B HCClelyeMol BbIOOpKe cocT Bisuio 306
1 339 coorBercTBeHHO. BpUTH CO31 HBI CHTH JIbHBIE M CCOBbIe I OJ10HBI mid 21
3H 4eHus my; B uHTepB Jie oT 150 1o 200 I'sB ¢ w rom 2,5 I'sB, T kxke ¢oHOBBIE
m 6710HBI ¢ ucnonb3oB HUeM Monrte-K prio-renep TopoB HERWIG u ALPGEN.
TTOCKONMBKY MCIONB30B JIMCh TP KOMOMH LM C JIydIDMMH X2, ObUIM CO3 HbI U
I p METPU30B HbI TPU H 6Op 11 OGJIOHOB, YTO ITO3BOJIWIIO HPOBECTU TPU OTHEIb-
HBIX CKOPPETUPOB HHBIX M3MepeHus. 1 KOMOWH LU MOTYYEHHBIX Pe3ylbT TOB
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UCTIONB30B JICS METOA H Wiydineid HecMerneHHoU oneHku (Best Linear Unbiased
Estimate, BLUE).

IIpexne yeM NpoBecTH U3MEPEHHE H 3KCHEPUMEHT JIBHBIX J HHBIX, IIPU I10-
MOIILY CEPUU IICEBIODKCIIEPUMEHTOB C HC MOJsiMu coObiTuii MonTe-K piio npo-
BOJIWJI Ch IpOBEpK Merox (sanity checks) misg Toro, 4roGbl HOK 3 Th, YTO HC-
[IOJIb30B HHBIE 1T P METPU3 1M U MpoLenyp MNpHMeHEeHUs (PyHKUWHU Mp BIOIO-
100Ul CIIOCOOHBI BEPHO BOCCT HOBUTh IIPHOPH W3BECTHBIE BXOIHBIE 3H UYEHUS
M cchl t-KB pK . T KXe OBUI MPOBEOEH «CIIEMON TecT» C 3 p Hee HeH3BEeCTHBHIMU
3H YEHMSMH BXOIHOW M CCBI, IIPU3B HHBII NIPOAEMOHCTPUPOB Tb 3((PEeKTUBHOCTD
IpeUTOXKEeHHOro MeTox . Bo Bcex ciyd X MpoOBeIeHHBIE TECTHl MOK 3 JIM JOCTO-
BEPHOCTh HCIIOJIb3yeMO METOIMKH.

JIyist OLEHKH CUCTEM THYEeCKHX OIIHOOK (T Oui.6) ObUI OLEHEH YYBCTBUTEINb-
HOCTh W3MEpEeHMs K BIMSHUI0O HUMEIOIIMXCS B MOAETMPOB HHU HEOIPEAeTIeHHO-
creil. [l TOro Mpy MOIEIUPOB HUM H 6Op COOBITHI M3MEHSJICS COOTBETCTBYIO-
IIMI 1T p METPp H OJHO CT HJ PTHOE OTKJIOHEHHE B 00€ CTOPOHBI WM BBOIMJIOCH

JITEPH TUBHOE MPENIOoNOoXeHue. B K 4ecTBe CUCTEM THYECKOH IOrperIHOCTH,
CCOLIMMPOB HHOHM C B PBUPYEMON BEJIMYMHOM, IIPUHUM €TCS CIBUI B CPEIHEM
3H YEHHM BOCCT HOBJIEHHOH M CCHI {-KB pK . [IoNH o cucTeM THYecK ¢ Morper-
HOCTb OTIpelessT Chb K K KB Ip THYH 4 CyMM OT P 3JIMYHBIX BKJI JOB U COCT BHIJI
4.2 TsB/c2.

T 6muu 6. 3H 4YeHHs cHUCTeM THYECKHX MOTpelIHocTei

HcTOYHNK CHCTEM THYECKHX OLIMOOK 3H uenue
Mounre-K pro-renep Top 0,8
Dopm  on 0,6
Ik n sHeprum crpyit (JES) 3,9
I'moonHOE u3mydyeHne 0,7
Oynkius p crnpenenenus n pronos (PDF) 0,5
OueHk [osu ¢oH 0,7
Ppr JENTOH 0,2
Ik 5 sHepruu b-crpyu 0,6
ITonu g norpemwrHOCTH 4,2

ITocne BcecTOpOHHEH MPOBEPKHU UCIIONB3YEMOM METOAUKH U OLEHKH CUCTEM -
TUYECKOH MOTPEeITHOCTH ObUT MPOBENeH H JIM3 OTOOp HHBIX ®KCIIEPUMEHT JIbHBIX
I HHBIX COIVI CHO OIKUC HHOW BbImIe mporenaype. [lodydeHHbIe CIIEKTPHl UHB PH-

HTHBIX M CC TOI-KB PKOB JJI TpeX MEpBbIX KOMOWH LU C H MMEHBIIUMH 3H -
yeHUAMHU Y2, T KXK€ COOTBETCTBYIONIME (DYHKIHHU NP BAOIMOAOOHS MPEICT BIEHHI
H puc.6, pe3yibT Thl U3MepeHHst M cchl t-kB pk — B T 01.7. T kxe npu-
BellecH KOMOMHHUPOB HHBIA pe3yabT T, moiydeHHbd MeronoM BLUE, u BecoBbie
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Puc. 6. CriekTpsl UHB pH HTHBIX M cC {-KB PKOB (BBEpXY) M COOTBETCTBYIOLINE UM (DyHK-
LUK TP BAOMOA0OUS (BHU3Y) I TPeX HepBbIX KOMOHMH LU

T 6mun 7. 3H yeHus M ccbl t-KB pK . [IpuBeeH TOJNBKO CHCTEM THYECK S MOrpell-
HOCTh

Kogiieiuu Ces3 HHblil ur (a) | CBoGouusi dur («)

1 169,5 + 2,3 TeB/c? | 169,8 + 2,4 ToB/c?
(a1 = 0,758) (1 = 0,841)

2 167,3 £ 3,6 TeB/c? | 168,7 & 4,2 ToB/c?
(a2 = 0,165) (2 = 0,120)

3 167,0 & 4,6 TeB/c®> | 169,3 £ 5,7 I'wB/c?
(az = 0,077) (s = 0,038)

BLUE 168,9 + 2,2 TeB/c? | 169,6 & 2,4 TsB/c?

KOS (ULIHEHTBI, COOTBETCTBYIOIIME K XKI0H KOMOMH MU (cv;), BBIYMCIECHHbIE H
OCHOBE KO3(h(PHIIMEHTOB KOPPEJSALHH, MOTY4YEHHBIX B CEPHH IICEBIOIKCIIEPUMEH-
TOB. B mp BOIf KOJOHKE [T Cp BHEHHS MPUBEHEHBI PE3yNlbT ThI (PUT CO CBOOOA-
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HBIM IT P METPOM KOJIUYECTB (DOHOBBIX COOBITHH, T. €. CIIy4 U, KOrJ U3 (PYHKIUU
p BIONOHOOMS MCKJIIOYEH uneH LCOoPstr,

OKOHY TeJIbHBIA pPe3yJbT T U3MEPEHHS M CCHl t-KB PK METOAOM III OGJIOHOB
B JIENTOH-CTPYiiHOM Mojie p cn A tt-11 pol H cT TucTuke 1 61 1 Hupix CDF
coct Bt my = 168,9 £ 2.2(ct 1.) + 4,2(cuct.) IsB/c?.

Pesynom mot usmepenus m ccol t-k6 pk ¢ ucnonv3o8 Huem b-meuwenus. T k-
Xe GbLIO MPOBEJEHO U3MEPEHHE M CChl {-KB PK H CT THcTHKe 318 m6~! 1 HHEIX,
11 KOTOPbIX ObUT IpUMEHEH mpoueayp b-medeHus. McHosib30B J1 Cb METOOMK
C pSIOM M3MEHEHMH, MO3BOJISIOIINX YIIYYIIUTh TOYHOCTh M3MepeHus. CoObIThs-
K HIWA Tl OBUTH P 3HENEHBl H TIOABBIOOPKH B 3 BHCHMOCTH OT YHCI b-METOK
U ®HEPTUU CTPYH B cOObITUU. /I p 3HBIX MOOBBIOOPOK BEIMYMH U COCT B (POH
oy juck. Kpurtepuu otOéop i HOABBIOOPOK, T KXE€ YHUCIO OTOOpP HHBIX
COOBITHIA TIpUBEEHBI B T OJ1. 8.

T 6muxy 8. II p MeTpbl MOABBIGOPOK I M3MEPEHHS M CChI t-KB PK € HCHOJB30B -
HueM uHpopM 1M 0 b-MeyeHUH

Beibopk | b-meuenue | Er (I'sB), ctpyn 1-3 | Er (I'®B), ctpys 4 | Yucno coObituit
0-tag 0 > 21 > 21 44
1-tag (T) 1 > 15 > 15 33
1-tag (L) 1 > 15 8 < Er <15 63
2-tag 2 > 15 > 8 25

Jlis K X101 M3 TOABBIOOPOK IMPOBOAMIIMCH OLIEHKH COCT B W BEJINYMHBI (DOH |,
CHJIBHO 3 BHCSIIME OT YhC b-MeueHbIX cTpyid. [t nmoaBbIOOpKY 2-tag BENNYUH
o ObUT H WMMEHbIIEH, €r0 OCHOBH 51 KOMIIOHEHT — COOBITHS C POXICHUEM
W -6030H COBMECTHO CO CTPYSIMH OT TsKesbIXx KB pKoB. st Bei6opok 1-tag(T)
u 1-tag(L) npeoGn o i turt ¢pon W+ crpyn (OT JIETKMX U TSXENbIX KB PKOB),

T xxe KX-npomeccel. g Beibopku O-tag mpeoOn n rommid tan (poH —
W+ nerkue crpyn. OLeHK Benu4uHbl (DOH I 3TOW MOABBIOOPKM OBUT 3 TPYA-
HUTENBH , TOTOMY I Hee MpoBogwics (hUT, CBOOOMHBIN OT MPHUBA3KM K OXHUI -
€MOMY YHCIly COOBITHI.

Jpyroii B KHO# 0COOEHHOCTBIO MCIIOIB30B HHOM METOAMKH ObT K JIMOPOBK
in situ 1o M cce W-6030H . [l K XJIOr0 COOBITHSL H Psijly C PEKOHCTPYUPOB H-
HOU M ccoil t-KB pK ( {fjgo) ONpele/sUIUCh UHB PU HTHBIE M CChl II P CTpYyH
(M;]e-co), KOTOpBIE JOJIKHBI COOTBETCTBOB Th M cce W-0030H B Cayd e, KOr[
®TU CTPYH MPOMUCXOIAT OT €ro JpOHHOro p ci J . ITockonbKy aTH CTpyH, oue-
BUIHO, HE JOJKHBI IMETh D-METKH, YHCIIO BO3MOXHBIX KOMOUH LM T KHUX CTpPYH
B cOObITHH MOXeT ObiTh OT 1 10 6. P crnpenenenne M;5°° ucnonb3os J10ch s
K JMOPOBKHM LK JIbI DHEPTHU CTPYH, VISl YerO BOJIMJICS OTHOCHUTEJBbHBIA I P METp
JES, npenct Bngromuil CABUT B IIK Jie ®HEPTUil CTPYH B €AMHHUI] X €€ HOMHUH JIb-
HOW HEOIIPe/IeJICHHOCTH, BBIYMCIISIEMON N3 BHEIIHUX K JIMOPOBOK.
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T reco reco T
U3 p cnpenenenuii Migs® n M35 jisi v G6op 3H 4eHnid M cc t-kB pk u JES

ObLIM COCT BJICHBI 111 OJIOHBI CUTH JIBHBIX COOBITHIA, KOTOPbIE 3 TEM I P METPU3U-
POB JIUCh (PyHKLHMEH, 3 BHUCAIIEH OT 3TUX BXOOHBIX I P METPOB U HMHTEPIOIH-
pylolLieil NPOMEXYTKH MeXIy 11 6J10H MH. AH JIOTHYHBIM OOp 30M COCT BIISTHCH
11 GJIOHBI JUIS P 37IMYHBIX (DOHOBBIX ITPOLIECCOB, OJH KO B 3TOM CIIy4 € I p Me-
TPHU3 LU HE 3 BHCEN OT M cChI t-KB PK . C IIOJyY€HHBIMHU I P METPU30B HHBIMU
1 GJI0H MM Cp BHUB JIUCh P CIIPEIETICHUs BOCCT HOBJIEHHBIX M CC, IOJyYECHHbIE
U3 ®KCHEPUMEHT JIbHBIX A HHBIX. [[JI1 3TOro MCHOJIB30B JICA METOH M KCHUM JIb-
Horo 1p Bpononodus. s K Xmoii MoaBBIOOPKH COCT BIISUT Cb (DYHKIIMS TP BJIO-
1o100Ms, KOTOp § BKJIIOY JI WICHBI, YIUTHIB foLIMEe (POpPMY M CCOBBIX III OJIOHOB,
1 GJIOHOB IS trgf)o, YHUCJIO CUTH JIbHBIX U (DOHOBBIX COOBITHH, T KXe OXHI -
emyio BenmuuuHy (poH (s monseidbopok 2-tag, 1-tag(T) u 1-tag(L)). [Tomyuennsie
(pyHKIIMH OOBEIUHSIMCh B OOIIyI0 (DYHKIIHIO, B KOTOPYIO 100 BJISJICS IOIOJHHU-
TEJIbHBIN YeH, COolepX LIMH MH(OPM LHMI0 O BHEUIHMX K JIMOpoBK X. C MCHOIb-
30B HueM Iporp MmHoro 1 ket MINUIT H xouuics M KcuMmyM o0wiueid yHKIuu
Ip BAOMONOOWS MO OTHOIIEHHIO K 10 m p MeTp M (YHCIT M CUTH JIBHBIX U (POHO-
BBIX COOBITHI 1719 4 MOABBIOOPOK, T KXe€ OOLIMM JUI BCEX IOIBBIOOPOK M cce
t-xkB pk u JES). B urore H OCHOBE ®KCIEPUMEHT JIbHBIX JI HHBIX OBbLT MOJTy4YeH
CIIEAYIOIIUI Pe3yabT T AT M CCHI {-KB PK U LIK JIbI HEPTUH CTPYH:

my = 173f§:g (ct 1.+ JES) I'sB/c?,
JES = —0,1010:5 0.

C uCrosb30B HMEM METOJIOB, H JIOTMYHBIX ONKMC HHBIM P Hee, ObUI IOJIy-
YeH OLEHK CHCTEeM THYecKOi morpemHocTd (3 uckmoudenueMm JES): 1,3 TaB/c2.
OKOHY TeNbHBIA Pe3yabT T U3MEPEHUsS M CChl t-KB PK H CT THcThKe 318 m6 !
C  UCHONb30B HHEM b-MEYeHHs COCT BHII My = 173,51?2 (cr 1. + JES)£
+1,3 (mpou. cucr.) = 173,51’3:2 IsB/c?. H MmomeHT ny6rauk umu p 60t [73,74]
DTOT Pe3yJNibT T SBJJICS H UOOJIee TOUHBIM U3MEPEHHEM M CChI t-KB PK .

2.3.2. H3mepenua m ccol t-ké pk 6 OuslenmoHoii mooe p cn 0 . B nu-
JIENTOHHOM Moxe p cn g 00 W-6030H p ci 4 I0TCS IO JIEBNTOHHOMY K H JIy
(puc.3,6). BT Mom X p KTepu3yeTcd H JMYHEM IBYX MPOTHUBOIOJIOXHO 3 Pd-
’KEHHBIX JIEHTOHOB (3JIEKTPOHOB WM MIOOHOB), IBYX WM Oojiee cTpyil u GONbIINM
aucO J1 HCOM B TIOJTHOM IOIIEPEYHOM HMITYJIbCE U3-3 H JIMYUS JABYX HEHTPUHO.

B H ubosee TOUHBIX U3MEPEHHSIX M CChl t-KB PK H T9B TPOHE B JHUJICHITOH-
HOH MOJIe P CII JI HCIIOJIb30B JIUCh METO/BI ITIOJTHOM WM 4 CTUYHON PEKOHCTPYK-
uuu p e g tt-n pel [75,76]. Tlpu ToM u3-3 GOJBIIOTO BKJI 1 HOIPELIHOCTE!
WK Jipl 3Heprun cTpyi (JES-norpemnocT) cucteM THYECKHUE MOTPEeLHOCTH Ipe-
00N JI JIM H JI CT TUCTMYECKUMU. ISt IPYTUX MOL P CI J ¢E-I1 PbI 3Ty TPYAHOCTb
MOXHO ObLIO IPEOI0JIeTh Yepe3 BBEIeHUEe OIp HUUYEHUI H M CChI CTpYd B KOHEY-
HOM COCTOSIHUM TIPH BOCCT HOBJIEHUHM M cchl W-6030H . T K K K B JAMJICHTOHHON
Mozie p cIl 1 Her cTpyid oT p cn 1 W-6030H , s ymeHbiuenus siausiaus JES-
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morperrHocTeil O6b1 p 3p 00T H HOBBIH KOMOWHHMPOB HHbIA MeTox [77], obbemu-
HSIOIIMWIA 1B METOJl BOCCT HOBJIEHHS M CCHI {-KB PK , B OJHOM M3 KOTOPBIX ObLI
CUIIBH 4 3 BUCHMOCTH OT IIK JIbl ®HEPTUM cTpyd [78], B IpyroM — MHHUM JIb-
H a1 [79].

Kpumepuu om6op cobvimuii. OCHOBHbIE KPUTEPUH OTOOP COOBITHIA COBII -
I U ¢ TpeOOB HUSAMM NP U3MEPEHUH TIONIEPEYHOTO CEYEHUs POXKACHUS tE-I1 PBI.
OnHUM M3 OCHOBHBIX MCTOYHMKOB (DOH SIBJISUIUCH COOBITHS, B KOTOPBIX Z-0030H
POXJ eTcsl BMECTE CO CTPYSIMH, IOTOM P CII [l €Tc H ®JIEKTPOHHYIO WIH MIO-
OHHYIO 11 py. B T KHMX COOBITUSIX HET HEUTPUHO, HO OHU MOTYT HPOUTH OTOOP
10 [/ u3-3 Henp BWIbHOW OLUEHKH DHEPIUM CTPYM WIM JIeNTOH . Jis ymeHblie-
HHSI T KOro (DOH BBOJMJIOCH JOIOJIHUTEIBHOE YCIIOBHE: 3H YeHHE MHB PU HTHOMN
M CCBI [BYX JIENITOHOB JOJIKHO OBITH ONM3KO K M cce Z-0030H W H XOIUTHCA
B uHTEpB J1e 76—-106 ['sB/c?; 31 uenme JetSign nomxuo Gerth Gomee 4 aB'/2

(JetSign = Ep/ EE}(ET/ET), CYMMHPOB HHE MPOU3BOIUTCS MO CTPYAM,
J

H IIp BJICHHBIM B IIEPEIHIOI0 Moiyctepy OT ET); Hyp, npencr sisiom s coboi
CK JIIPHYIO CyMMY p7-JIEITOHOB, ' IpOHHBIX CTpyl U K, NOIKH ObITh OoJiee
200 I'»B. Opyrumu (poHOBBIME IMPOIECC MH, KOTOpbIe HEOOXOOMMO OBLIO YUHUTHI-
B Th B H Jin3e, Obun npouecch! Ipemt —SIH , «JI0XHbIe» COOBITHS U AMO030HHOE
poXjeHue.

YroO6bl NOMyInTh H NOOJIEEe BEPOSTHOE 3H YEHHE PEKOHCTPYUPOB HHOM M CCHI
t-kB pK ( {g;o), NPUMEHSIJICS METOJ KHHEM THYECKOil pEeKOHCTPYKLIUK COOBITHIA,
B KOTOPOM HCIIOJIB30B JI Chb BCS BO3MOXH $1 ®KCIIEPHUMEHT JIbH S WH(POPM LU O
coObITusIX. M3 MOIEnMpoB HUS CT JIO SCHO, YTO B 6 % BceXx (POHOBBIX COOBITHIA
PEKOHCTPYHMPOB HH i M CC t-KB PK OK 3 JI cb Gonbuie 250 I'sB/c?, nostomy B
A JpHeHweM H smse cobbitust ¢ MySo® > 250 ['sB/c? o16p cbiB anck. Kpome
TOTO, WIS MCKJIIOYEHHS] U3 P CCMOTPEHHs COOBITHI, MPOMCXOMIIIMX OT P CH OB
JUMIOOHHBIX PE30H HCOB C M JIOW M CCOW, M YNy4IIeHHS MOIETUpPOB HUS ho-
HOBBIX IPOLECCOB OBbLIO BBEIEHO TPeOOB HHUE, YTO JAWIENTOHH S UHB DU HTH S
M cC JOMKH ObiTh Gonee 10 T'aB/c?. Bcee kputepun ot6op npouwu 520 t-1 p
COOBITHII.

Mooenupos nue memooom Monme-K pao. UyBCTBUTEIIBHOCTh N3MEPEHHI ObI-
J yIydlleH IyTeM p 30eJIbHOrO H JM3 COOBITHH ¢ b-MedyeHMeM M 6e3 Hero.
[ToxBBHIOOPK € KUCIOJIB30B HUEM b-MeUeHHs COepX J1 COOBITHS, B KOTOPBIX ObLI
no Kp HHell Mepe OomH b-cTpyd, MEYEHH S JITOPUTMOM BTOPHUYHON BEPIIMHBI
(SECVTX- nroputm) [38]. Brop s momBhiOOpK comepxk 7 coObiTus 6€3 T KOk
crpyu. [l reHep UM COOBITHIA P CII 1 ¢E-1 P OPU P 3IUYHBIX M CC X t-KB PK
ucnosp30B J1 ¢b nporp MM PYTHIA, s MopenupoB Hus (PyHKUME [ PTOHHOTO
p crpenenenuss — nporp MM CTEQSL. B 3 BHUCUMOCTH OT KOHKPETHOTO IpO-
Hecc , Wi coObITUH (POH  HCIONB30B JIOCh WM MOJIETHPOB HUE, WIH dKCIEepH-
MEHT JibHbIe 1 HHble. H mpumep, mnsa nubo3onubix coobrtut (WW, WZ, ZZ)
ucnosp30B 1 cb nporp MM PYTHIA, B TO Bpemst K K Juid npoueccos dpemn —
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SAn  — nporp mm  ALPGEN, npucoenunenH g k PYTHIA mnga monenupos Hug
[IPOIIECCOB P 3BUTHS JIMBHEH W JapoHU3 1uu. [Togpo6GHOE omuc HHe MOCTUPOB -
Hus MOXHO H ity B [80]. KomuyecTBO OXMI €MBIX M H OJIIOJ €MBIX CUTH JIBHBIX
COOBITHIA, T KXXe KOJHYeCTBO COObITHI (pOH mpuBedeHsl B T 01.9. K K BujmHO,
IJT BHBIN BKJI 1 B (OH I 10T npouecchl peinn —SH M «I10XHbIe» coOBITHS (pOoXie-
Hue W-6030H c Tpemd u 6ojiee I PTOH MM U [ JIbHEHIINM JICITOHHBIM P CIT JIOM
W-6030H ). M3 T OGnuibel BUOAHO OYEHb XOpOIIEe COINl CHe MeXIy H OmoneHueM
u npeack 3 Huem CM.

T oman 9. KomyecTBo 0KUI eMbIX U H OJIIOX €MbIX COOBITHIA IS MOABBIGOPOK ¢ b-
MeYeHHEM M 0e3 Hero

IMomBrIGOpK IMomBrIGOpK

Herounux ¢ b-mMeueHueM 6e3 b-MeueHust
ww 0,6 £0,2 16,4 + 3,6
Wz 0,1 £0,0 52+1,0
Z7 0,2+0,1 3,0£0,5
IMpoueccsl Apemn —SH 44+04 51,2+ 8,0
«JIoXHBIE» COOBITHS 8,6 +2,7 21,4 £6,2
CymM pHbIH ¢hon 13,9 £28 97,2+ 14,5
tt (o = 7,4 u6) 227,2 + 16,2 173,2 + 13,3
OXuj eMoe YUCIIO COOBITUI 241,1+ 16,4 270,3 £ 26,4
H 6o emoe yuciio coObIThit 230 290

Memoouk u3zmeperua m ccol t-ké pk . KuHem THdeck s peKOHCTPYKLUMS JU-
JIEITOHHBIX COOBITHH 3 TPYOHEH TEM, YTO W3-3 H JIMYMS HEHTPHHO B KOHEYHOM
COCTOSTHUHM YHCIIO KMHEM THYECKHMX IE€PEMEHHBIX, KOTOphIe H 10 ONPENe/nTh, H
€IMHUIy NIPEBBII €T YUCIIO CB43eil. CyllecTByeT HECKOJIBKO METOAUK H OCHOBE
METOJl 1 OJIOHOB, MO3BOJISIOIINX OOOWTH I HHYIO TPYIHOCTh. BO Bcex aTux Me-
TOA X MPOBOAUTCA MHTETPUPOB HHUE MO OAHOW WM HECKOJBKUM HEOMpenesIeHHbIM
KMHEM THYECKUM II€PEMEHHbIM, OTJIHYHE METOIMK OOYCIIOBJICHO P 3JIUYHBIM BbI-
6opoM ¢ MuX nepeMeHHbIX. g L HHOrO H M3 ObBUT BBIOp H TEpeMeHH d,
MO3BOJISIONI $I OJy9UTh MHHUM JIBHYIO MOTPELIHOCTh M3MEPEHHSI.

CH u 1 PHI-meronom (neutrino ®-weighting method) [81] 611 p ccuur H
Miss°. C yueToM KuHeM THKM P €Il I {-KB PK  ObUIO NIPOBEEHO CK HUPOB HHE
o BceMy (p 30BOMY HPOCTpP HCTBY 3HMMYT JIbHBIX YIJIOB JBYX HMITYIbCOB HEH-
TPUHO, W1 K XIO0H TOYKM OBUT PEKOHCTPYUPOB H M CC @-KB pK Yepe3 MH-
HUMU3 M0 (DYHKIMOH 11 X2, YTOObI ONpEeNeuTh Ul K KIOTO COOBITHS MpPel-
IOYTUTENbHOE 3H YeHne M r®, K KIOMy PELIeHUI0 ObLT IIPUCBOEH BEC COI CHO
x2. T K K K B METOJle MCHIOJIb30B H BCS KMHEM THYECK a4 MH(OPM IUsl COOBITHS,
BKJIIOY § DHEPIUIO CTPYiH, PEKOHCTPYHUPOB HH S M CC CHJIBHO 3 BHUCET OT IUK JIBI
®HEPIUU CTPYH K JIOPUMETP .
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[ yMEeHbLIGHHS TOW CHCTEM THUYECKOH 3 BHCHMMOCTH ObUI BBEIeH Iepe-
MEHH $, HEYyBCTBUTEIIbH 51 K LIK Jie DHEPTUM CTPYil, HO CHUJIBHO YYBCTBUTENbBH s
KM cce t-KB PK , T K H 3bIB €M 4 « JIFTEpPH THUBH 9» M CC Mﬁ}t, ompenenseM s
CIIeyIOIIUM Yp BHEHUEM:

g = 2, [ Qo) {6.a)
Ey1 Ep2
e l1, ls — nentoHHble 4-UMITYIbChI; by, by — 4-MMITYJIbCHI JIByX BBICIIUX IO
DHEPTUM CTPYH («BEAYIIUX» CTPYi), KOTOPBIE OMPEAETIIOTCS 11 6€3M CCOBBIX U -
crull K K Epy, Epe. CkoOK MU 0003H YEHO CK JIIPHOE MPOU3BENeHHUE. DHEPIUd
ctpyit Ep1, Epyz, IPUCYTCTBYIOLIHE B 3H MEH Telle, YHUUTOX IOT 3 BUCUMOCTH Be-
nuauabl MY OT WK J1bl 9HEPrUil BeXylnX CTPYil, IPUCYTCTBYIOLMX B YHCIHTEIIE.

Hcnonb30B HUE ABYX BEOyLIMX CTPYM OIP BI HO T€M, YTO, COIJI CHO MOJEJIH-
poB Huio, B 78 % 0TOGp HHBIX COOBITUIA P CII 1 ¢I-II Pl JBE IEPBBIE [0 YHEPTUM
CTPyH POXH I0TCA OT JApoHU3 muu b-kB pKoB. MHmekcel (1 wik 2) yK 3bIB IOT
H {-KB PK, OT p CII I KOTOPOTO MPOHCXOJAT JeNnToH u cTpyd. Ilpu cootHece-
HHU JIENTOH U b-CTPyM BBIOUD JI Cb I P C M KCHM JIbHBIM 3H YEHHUEM BEJTMYMHBI
{(e11,ep1) + {ci2, Cp2), THE ¢ — eIUHUYHBIA BEKTOP, KOJUIMHE PHBI JICHTOHY WM
b-cTpye COOTBETCTBEHHO, HHIEKCHI I, by (l2,b2) COOTBETCTBYIOT JIENTOHY U b-
cTpye nepBoil (BTOpoiif) m ppl. MoIenrpoB HUE TOK 3 JIO, YTO 3TOT KPHUTEPHi
COOTHECEHHd JIEITOH—CTPYd 1 €T MIp BHIbHBIA pe3ynsbT T B 61 = 1% ciyu eB.
DpdekTUBHOCT Apyrux KpureprueB — oKojo 70 %, HO B HUX UCHOJIB3YIOTCS 3 -
BHCHUMBIE OT IIK JIbl ®HEPIUH CTPYH MEepeMeHHbIE, BCIENCTBHE YEro MOSBIIETCS
cBsi3b Mexay Miso® u M, At yro Hexen TesbHO.

3 tem 6bi1 BBemeH Bemumumn MWD = ol (1 —w) M3, rie Becooi
o p Merp w H xopurcs B mpomexytke [0,1]. T XK K K CT THCTHYECKHE M CHCTe-
M THYECKHE IOIPELIHOCTH M3MEPEeHHs 3 BUCAT OT w, IIPHOPHO 3TOT I P METP
BBIOWD JICSI T KWM, YTOOBI IOJIH S IMOTPELIHOCTh W3MEPEHHs] ObUI MUHMM JIBH .
I H XOXHEHHsl ONTHM JIbHOTO 3H YeHHs w ObLIO IPOBEIEHO MOJIEIHPOB HUE
WISl p 3MHYHBIX 3H 4YeHuid u3 mpomexyrk [0,1] ¢ w rom 0,05; mis K Xgoro
3H YeHHs, C UCIONb30B HUeM I 6j10HOB ans MMWP, cTpomsics m ccosblii dut u
P CCUUTBIB JIMCh MOTPELIHOCTH.

Curs nbHble m 6710 w1 M™P chopmupos nuck oTaENBHO I BHIGOPOK
COOBITHIA p ¢l 1 -1 bl ¢ b-MeyeHneM U Ge3 Hero. BHIGOPKH GbUIM CreHEpUpO-
B HBI 711 M CCHI t-KB pK B uHTepB Jie oT 160 g0 185 I'sB/c? ¢ m rom 1 TeB/c2.
@yHKIMS TWIOTHOCTH BEPOSTHOCTH CHTH JI , BBIP X IOII S BEPOSITHOCTD MOJTYYHTh
30 yenne M™P npu 1 HHOM 3H YEHHH My, P CCUMTHIB JI Cb M3 I P METPH3 -
LM COOTBETCTBYIOLIMX 1T OJIOHOB criely JbHOM (pyHkumeid. I1 p MeTpsl yHKIMN
UMEJTU JIMHeWHYIO 3 BUCUMOCTH OT M. Iy mocTpoeHus m O70HOB i GOH p C-
CM TPUB JIUCh COOBITUS C b-MeueHHeM U Oe3 Hero ¢ 100 BiieHHWeM I OJIOHOB JUIst
ANOO30HHBIX U JIOKHBIX COOBITHH, T KXe coObTHii ¢ npouecc Mu Hpemn —SH .
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@DYHKIINH TUTOTHOCTH BEPOSTHOCTH Ui (DOH OBUTH IMOJydeHBl W3 (PUTUPOB HUSA
00beIMHEHHBIX III OJIOHOB (POH T KHUM XK€ CIOCOOOM, K K M Uil CHUTH JIBHBIX
11 6JIOHOB, HO 6€3 3 BHCUMOCTH OT M CChHI t-KB PK .

Buibop ¢pyukyuu np 600nodobua u mecm H nceo0odKcnepumerm x. PekoH-
CTPYHUpPOB HHOU M cce ¢-KB PK COOTBETCTBOB JI M KCUMYM (PYHKIMH TIp BIOIO-
I00Ws, COCTOSIIEH 13 MPOW3BEAeHNS He3 BUCHMBIX (DYHKIHUI Mp BOOMOTOOWS, IMO-
JIy4eHHBIX UIS TMOOBBIOOPOK ¢ h-MedeHmeM u 6e3 Hero:

Ltotal _ LtagLnontag'

Comuoxurenu L& y L1238 ypenct BAsioT cOGOI BEPOSITHOCTD, YTO 3H YEHUS
p cnpenenenus M"YP 1 601 nHCh B 1 HHBIX, COCTOAIIMX M3 CMECH JI HHBIX (ho-
HOBBIX COOBITHII U COOBITHI JUIEITOHHOTO P CI A tE-I1 Pbl, C TPENON T EMOM
M CCOM t-KB PK 7. Yp BHeHMs i L'?8 p L"°"28 Grusku K (DyHKIHMSAM P B-
JOMOA00Ms, UCIIOJIb30B HHBIM B [81,82], u 1 10TCS B BUIE
Ni
L= ngnstr(ni)LStat(Nilni + ni) H L]gvt(M}l}Ib,k'mt’ n; n2)7
k=1

rme N% — KONH4eCcTBO COOBITHII B COOTBETCTBYIOIEH MoaBbIOOpKe 7. YiieH L’gvt
TPEJCT BiIseT cOOOi BEPOSATHOCTb H Groienus cobbitust k ¢ M ccoit M PPk g pp1-
Gopke i, B KOTOpOii n’ u ni — OXMWJI eMOoe KOJIUYECTBO CUTH JIbHBIX U (POHOBBIX
coObITHIT cOOTBETCTBEHHO. UmneH Lgtat HpencT BiIsgeT coboil BEepOsSTHOCTh H OIlio-
nenust N B BBIGOPKE, COIIT CHO p cripeesienuio Iy ccoH , B TO Bpems K K ngnstr
Orp HUYMB €T KOJMYECTBO (DOHOBBIX COOBITHI COITT CHO 3H YeHWsIM u3 T 6:1.9. C
HCTIONB30B HHUeM 3H uenuit M™P, n 6101 eMbIX U3 1 HHBIX, (pYHKIHIT ITIOTHOCTH
BEPOSITHOCTH U1l CUTH J1. U (DOH , OXHJI €MOro KOJIMYeCTB (POHOBBIX COOBITHI
npu (PUTHPOB HUM (PyHKLMEH NP BAOIONOOMS IOMYd IOTCS OLEHKH IS BEJIMYNHEBI
mit, T KXKe 119 KOJMYECTB CUIH JIBHBIX H (DOHOBBIX COOBITHIA.

T x k K Benmuuun M™P 3 pucen or BecoBoro m p MeTp w, TO U Pe3yiib-
T Thl (PUTHPOB HUS OK 3 JINCh W-3 BUCHMBIMH, YTO OBLIO NMPOBEPEHO H IICEB-
JIO3KCIIEPMMEHT X, B KOTOPbIX HCIIONb30B JIUCh BHIOOPKH, CMOJIEUPOB HHbIE Me-
Tomom Moure-K piio ¢ 3 p Hee M3BECTHBIMU 3H YEHMSIMH M CCBI {-KB PK 1, ©.
B K XIOM IICEBIO®KCIIEPUMEHTE KOJMYECTBO CUTH JIBHBIX U (DOHOBBIX COOBITHIA
Op Jioch cort cHO p crpexeneHnio Ily cCoH €O cpeaHUMH 3H YEHUSIMH, IpHBeE-
JEHHBIMH B T OJI.9, 3 TeM COIVI CHO COOTBETCTBYIOLIMM III OJIOH M JUIsi CUTH J1 U
¢on p ccumThiB j0ch 30 uenue M"Y, TIceBnoskcrepuMeHTHI MOATBEPAMIH TO,
yro BenuuuH i gBnseTcs HecMeleHHOl OUEHKOH M M TO, YTO BCe MOrpell-
HOCTH Y4YTEHbI BEPHO.

Cucmem muueckue noepeuwtnocmu. s TOro, 9ToObl BBIOP Th HEOOXOOUMBII
w-3 BUCUMBIN (DUT (PyHKLIHEH Np BAOMONOOWS W1 (PUTUPOB HMS JI HHBIX dKCIIe-
pPUMEHT , ObUT CIen H OLEHK MorpemHocteil Kk K ¢yHKuuit ot w. g sToro
OXMJI €M 5 CT THCTUYECK 5l HOIPEIIHOCTh ObT ONpeleseH K K CpelHss CT TH-
CTUYECK 51 MOTPEUIHOCTD B MCEBIOIKCIIEPUMEHT X npu 1, + = 172.5 TaB/c?.
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JI71s1 OLIeHKM CHCTeM THYECKOM IOTPEeITHOCTH MK JIbl BHEPTUH CTPYi ObLIO HC-
CIIefloB HO Bo3aeicTBHe 3(h(heKTOB OT HEOAHOPOAHOCTH OTKJIIMK K JIOPUMETP K K
(yHKIMU TICEBIOOBICTPOTHI, MHOXECTBEHHBIX PP-B3 MMOJEHCTBUH, IIK JIbI DHEP-
TMid JIPOHHBIX CTPYil, BKJ 0B B COOBITHS (eKTOB OT (pp IMEHT LHUii CT JIKUB -
I0IIUXCS POTOHOB M HTUIPOTOHOB U Ap. CootsercTByronmii JES-n1 p merp [37]
W3MEHSJICS B TIpefieN X 1o OT OXHJ €MOro 3H YeHHMS, 3 TeM CTPOWINCH JIbTEPH -
THBHBIE I OJIOHBI JUIS CUTH J1 ¥ ()OH , KOTOPBIE UCIIONB30B JIMCh B IICEBIOIKCIIE-
PUMEHT X. 3 COOTBETCTBYIOIIHE CHCTEM THUYECKHE IMOTPEIIHOCTH MPUHUM JIMCh
CpenHue OTKJIOHEHHS OT PEe3ylbT TOB, ITOJYYEHHBIX B OCHOBHBIX IICEBIO3KCIIEPU-
MmeHT X. Ilonn g norpemnocts JES ompenensan c¢b K K CyMM KB JIp TOB, P CCUH-
T HHBIX T KUM OOp 30M HOTPELIHOCTEH.

T kuM xe 06p 30M B IICEBIODKCIEPUMEHT X ObUTM U3Y4EHbI CUCTEM THYEC-
KHE MOTPEeLIHOCTH OT APYTMX MCTOYHHMKOB, B 4 CTHOCTU OT LO- u NLO-Bprunce-
unii KX (renep topet PYTHIA u POWHEG), BbiOop Mozenu OpoHH3 LU
(PYTHIA u HERWIG), or 1K Jibl HEpruil (UMITYJIbC ) JIENTOHOB (MIOOHOB), OT
BeIOOp MozenH (hOH , IIIIOOHHOTO W3JIyYeHHS B H U JIbBHOM M KOHEYHOM COCTO-
sHusIX U Ap. IlogpoGHoe omuc HHUe MOXHO H #rtu B [83]. s OLEHKH 3 BH-
CHUMOCTU CHUCTEM THYECKOH MOTPEIIHOCTH OT MEepPeYMCIIEHHBIX BBIIIE MCTOYHUKOB
U npMerp w ObUI HCIONMB30B H HHTEPHOJSINMS KyOWYECKUMH CIUT MH MH.
OK 3 J10Ch, YTO CT TUCTHUYECK 4 MOTPEIIHOCTh M MOrPEHIHOCTb, HE CBA3 HH ¢ CO
LIK JIOH ®HEpruM CTPYH, I1 [ I0T C POCTOM II P METp w, CUCTEM THYeCK 4 IO-
IPELIHOCTh DHEPIUU CTPYH I A €T HPU M JIBIX 3H YEeHHSIX w, IOTOM p CTeT
(puc.7). OxXum eM 4 TOJH  MOTPELIHOCTh, P CCYUT HH S K K CyMM KB JIp -
TOB OT BCEX MOrPELIHOCTEM, JOCTHT €T MUHHUMYM B WHTepB jie w [0,5;0,7]. s

S L s s S S D S S B A s
NQ 6 F ® Expected statistical uncertainty ]
% C ®  JES systematic uncertainty ]
©) C -#- Non-JES systematic uncertainty
A5F ® —— Expected total uncertainty 7
.5 - ° —— This analisys ]
5 4F ° ]
8 7 C ]
[} - -
= N __/— B
g 3 C ° ° n B =7
=) F A [} am" i
9] FoSsal ° ™ g
= N ~.. ] ] J
2 2F Seall - : s ° o .
S N A ® ® o0 0 0 0
E L .-._--_*"'- -——— ]
=1k Ao A -
slr, " ]
= C ] ] ]
ol =% T N

0 0.2 0.4 0.6 0.8 w 1

Puc. 7. IlorpemHocty u3MepeHus M ccbl t-KB pK K K ¢yHKuus w. CTpenkou yK 3 HO
3H yeHue w = 0,6
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(UTHPOB HUS DKCHEPUMEHT JIbHBIX [ HHbIX ObUIO BRIOp HO 3H uyenne w = 0,6.
B 3TOM cnyd € mosH 4 cucTeM THYecK $ MOTPELIHOCTh yMEHbII eTcd H 9 % mo
Cp BHEHHMIO C HCIIOJIB30B HHEM 3H 4YeHus w = 1.

Pe3ynom mot usmeperus m ccol t-k6 pk . 3H YEHHS OCHOBHBIX CHCTEM THYe-
CKUIX TOTPEIIHOCTEH nprBeieHbl B T OI1. 10 (MOTHBINA CIIMCOK MOXHO H ¥t B [77]).
CucreM THYECK $ IOIPELIHOCTb, P CCYUT HH S K K CyMM KB JIp TOB OTHEJIBHBIX
[IOrpeluHoCTed, COCT BUI 2,5 I'sB/c?, nonu s norpewHocts — 3,2 T aB/c2.

®opm  ynkuum —2 In (Lrotal /ptotalmaxy Gry pmpokcumupos H 1 p 6o-
Joii (puc.8). MuHUMYM p CHpeleneHus COOTBETCTBYeT M cce t-KB pk . P cmpe-

T ommn 10. 3H YeHHS OCHOBHBIX CHCTEM THYECKHX IOTPENIHOCTeil

VICTOYHUK MOIpenHOCTH 3u uenue (MoB/c?)
Ik n sHeprum cTpyi 2,2
NLO-adpexTst 0,7
I'enep Topsl Monte-K piio 0,5
IIx 1 sHepruu JeNTOHOB 0,4
Mogzens ¢oH 0,4
I'mooHHOE U3MyyeHue B H Y JIbBHOM U KOHEYHOM COCTOSIHUSIX 0,4
Mex HM3M poxaeHus t-KB pK 0,3
Ik n sHeprum b-cTpyit 0,3
DyHKIMSA p CHpefeleHus I PTOHOB 0,2
b-meueHune 0,1
Ilonu g cucreM THYeCK s NOIPELIHOCTh 2,5
Cr TucTHYeCK ¢ MOrPEeIHOCTDb 1,9
ITonu g morpemwHocTh 3,2

EFTrTrrrrrrrrrrr oo T

T

o
)

) ln(LtOta‘l/LtOtal,lnax)
o
T

[\
TTTT

O-LUI"'I"'I\'\‘"/'IIIIIIII

166 168 170 172 174 176 178
My, GeV/c?

Puc. 8. 3 BucumocTh (pyHKUMH Tp BAOMOOOOHS OT M CChl t-KB pK . [loiydeHH S MeTo-
JIOM M KCHM JIBHOTO IIp BHONOZOOUS, M CC COOTBETCTBYET MHHHMYMY 3TOH 3 BHCHMOCTH.
T'opu30HT NbHBIE TUHUM COOTBETCTBYIOT 1, 2 M 3 CT HA PTHBIM OTKJIOHEHUSIM
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hyb reco alt
JIe/IEHHs] JUTSl PEKOHCTPYHPOB HHBIX M cc M™P, Migee u My GbUIM MOCTPOEHSI

IS TIOABBIOOPOK ¢ b-MeueHueM (BBepxy) u Oe3 Hero (BHuU3Y) (puc.9). IlpuseneHs
p cropenesnenue s (POHOBBIX COOBITHI (TEMHO-CEpBI), CyMM pHOE p CIIpejelie-
HHe JUid (POH U CUTH N1 (CBETJIO-Cephli), T KXKe DKCIIEPUMEHT JIbHbIE [l HHBIE.

Pe3yabT T M3MepeHMs M cChl t-KB PK H cT tHcTuke 9,1 61 coct Bun
171,5 £ 1,9 (et 1.) + 2,5 (cucr.) ToB/c?. DTO OKOHY TEJBHBIA PE3YIBT T KO -
60p uuu CDF s quyienToHHOM MOIbI p Cll i Li-1 phI.

2.4. CpoiicTB t-KB PK .

2.4.1. 3 pao t-ké px . H CDF Obun 1npoBeJieHbl M3MEpPEeHHUsl DIIeKTpuye-
CKOTO 3 psll t-KB PK C LENbI0 MOATBEPXKIECHHS WM ONPOBEPXKEHHS TMIIOTE3bl O
CYIIECTBOB HHMH 9K30THYECKOTO KB DK YETBEPTOTO [OKOJIEHHUS ¢ 3 psiaoM (—4/3)
u M ccoil = 170 I'sB/c? [84]. TunoTe3 0 CyIECTBOB HMM 9K30THYECKOTO KB PK
MOIJT  OBITH IOATBEPXKIEH , €CJIA NIPH P CI A€ tE-11 pbl ObLTH OBl OOH PYXEHBI CO-
6BITHS, coepx mme VW ~-6030H u b-kB pK unmu W-6030H U b-KB DK B JIENTOH-
cTpyiiHoi Mone. H cyiiecTBoB HHME T KOro ®K30THYECKOrO p CI 1 yXe ObuiM
MOJTy4eHbl orp HuueHus 10 H jamu3 1 HHbIX ¢ CDF, HO ¢ MeHbIIe#d TOYHOCTHIO.

OnH U3 BO3MOXHOCTEH OIpesiesieHns 3 psijl {-KB PK — INpSIMOe U3MEpeHHe
(hOTOHHOTO M3My4EHHs TIPU P CI je tI-I1 PBI, HO I BTOTO OBLIO M JIO I HHBIX
CDF. Btop 5 BO3MOXHOCTh — BOCCT HOBUTb 3 PsI t-KB PK IO 3 psiI M IMPOIyK-
TOB ero p cu 1 . Jlyis 9Toro 6bU10 HEOOXOMUMO: OIpeaeuTsh 3 psia W-6030H , co-
otHecTH b-cTpyto ¢ W-6030HOM 1 onpenenuts 3 psig b-ctpyu. B nentoH-cTpyiiHoi
Mojie HeOOXOIMMO OTHEJINTh BETBb P CIl I W -0030H H JIENTOH M HEUTPUHO OT
BeTBU p cil 1 W-6030H H Jerkue KB pku. 3 psanx W-0030H B JIENTOHHON Be-
TBHM COBII ]I €T C 3 PsJIOM JICNITOH , B TO BpeMs K K JUlsl JIDOHHOW BETBH 3 psilI
apyroro W-6030H IpUHUM €TCs MPOTHUBOIOIOXHBIM. [IJIi COOTHECEHUSI MeXIy
W -6030HOM M b-CcTpyeil HCIIONB30B JI Ch MPOLEAYpP KHHEM THYECKOro ur , p 3-
p 6ot HH 5 ko Gop mmeit CDF [73].

Kpumepuu ombop coboimuii. Ind H nu3 HeoOXomuMo ObUTO 0TOOP Th CO-
ObITHS p I I ti-T1 pbl, CONEPX INME APOHBI OT P CI I omHOro W-6030H
U 9JEKTPOH WIM MIOOH C COOTBETCTBYIOLIMM HTHHEHUTPUHO OT P CI 1 JApY-
roro W-6030H (cM.puc.3, ). H mepBoM Il re H JIM3 OIpEAeNsICS 3 P Of-
Horo W-6030H W3 3 psAl JIENTOH [UIs JIEITOHHOM BETBHM P CH 1 , 3 PSR OpYy-
roro W-6030H 119 [OPOHHOM BETBU p CI A TPOTHBOIIOJIOXEH MO 3H Ky. 3 -
TeM MPOBOIMIOCH COOTHeceHUe W -6030HOB ¢ b-CTPYSIMH M OINPENEIISUINCH 3 PsiIbl
b-ctpyu ¢ momortpo crienu JibHOro Jiroput™m JetQ [85,86]. CoObitusi, B KOTO-
pbIx 3 psit W-6030H ObUT POTHBOIIONIOXEH 3H YEHMIO, TTOJIYYSHHOMY VIS 3 Psil
b-ctpyn, k11 ccucpruupos suck K K CM nopo6Hbie cobbiTust (SM-cobbitue). Ecin
Ke 3H KH 3 psgoB W-6030H u b-CTpyM COBI I JIM, TO T KO€ COOBITHE KJI CCH-
(uIMpoB J10Ch K K COOBITHE, COOTBETCTBYIOIIEE P CIT Iy 3K30THYECKOTIO KB PK
¢ 3 psagoM —4/3 (XM-coGbITHe).

TpUITEPHOIl CHTH TYpOU ISt JIENTOH-CTPYWHONH MOIBI P CII I tE-I1 pBI CIly-
KT OOJIBLI SI HENOCT IOII $ IOINEpeyYH s BHEPrusl B COOBITUM, T KXKE JIENTOH
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¢ GOJIBLINM TIOTIEPEYHBIM UMITYJIbcOM. OTOOp HHBIE [T H JIM3 COOBITHS IOJIKHBI
ObLIH yIOBJIETBOPSATH 60Jiee KECTKUM KPHUTEPHUSIM 10 CP BHEHHUIO C UCIIOJb30B H-
HBIMU [UT1 I3MEPEHHUS M CCHI {-KB PK B JIENTOH-CTPYHHON MoOJIe p CII I .

CoObiTHst ¢ 1ByMs W Oosiee JIEITOH MU WICHTH(HUUIUPOB JIUCh K K COOBITHS
JWIENTOHHOM MOJBI P CI J  ti-1I pbl U OTOD ChIB JIUCh. [IpU MEPBUYHOM OT-
6ope B COOBITUM HOJIKEH IPHUCYTCTBOB Th 3JIEKTPOH C IIONEPEYHON BDHEpruei
E7r > 18 I'sB wnu MI00H ¢ nomnepeyHelM uMmmyinscoM pr > 18 I'sB/c. 3 tem
OTOUp JIUCh COOBITHSI C OJHMM PEKOHCTPYHPOB HHBIM H30JIMPOB HHBIM BJIEKTPO-
HoM ¢ Ep > 20 I'sB wnu mwoonom ¢ pr > 20 I'sB/c u Hemocr ioluei morie-
peuHoit aneprueil £, > 20 I['sB. ColbbiTHe TOJXHO cCOepX Th II0 Kp HHel Mepe
4 cTpyu, TpU U3 KOTOPBIX ¢ dHeprueil Ep > 20 ['sB B uHTEpB JIe 11ceBI0OBICTPOTHI
|n| < 2,0, gerBept 5 crpys ¢ smeprueir Ep > 12 ['sB B unTEpB Jie 1CeBOOOBI-
cTpothl |7| < 2,4.

Jli1st COOBITUI C BIIEKTPOHOM HEOOXOMMMO, YTOOBI U1l BJIIEKTPOH -K HIOWA T
KOJINYECTBO MOMJIOIEHHON PHEPTUM B JJPOHHOM K JIOPUMETpe ObLIO CYIIECTBEHHO
MEHbIIIe DHEPTUH, MOIVIOIEHHON B 3JIEKTPOM THHUTHOM K JiopuMerpe. T Kxke He-
00X0IUMO OBLTO BBECTH KPHUTEPHUl 000COOICHHOCTH.

IIpu orGope MIOOHOB TPeK OT MIOOH -K HIOMJA T JOJIXeH ObLI MMETh Tpe-
KOBbIE CErMEHTHI (stubs) B ofHOW wiu Oojiee MIOOHHBIX IpeiPOBBIX K Mep X.
T kxe ObUIO HEOOXOAUMO, 4TOOBI CErMEHTHl TPEKOB H XOIMIUCH WU OJIHOBpE-
MEHHO B LIEHTP JIbHOM MIOOHHOM apeiioBoii Kk Mepe (CMU) u B ee MOgepHU3HPO-
B HHOI 4 ctu (CMP, T k H 3b1B emblii CMUP-M100H), WK B p CLIMPEHHON LEH-
Tp JbHOH MIOOHHOM apeiioBoil k Mepe (CMX, T K H 3bIB emblii CMX-MI100H).
T K Xe K K I 9JeKTPOHOB, BBOIWICH KpUTEPHil 000COOIEHHOCTH: MOIeped-
H s DHEprusi B K JIOpUMeTpe BOJIM3M MIOOHHOTO TpeK (3 HCKIIIOYeHHEeM O IIHH,
KOTOpYIO 3TOT TpeK Iiepecek J) B KoHyce R = 0,4, oOp 30B HHOM BOKPYI MIO-
OH , IOJLXKH cocT BisiTh MeHee 10 % OT monepevyHoro UMIyAbC pPr MIOOH -K H-
IO T .

MioOHHBIH KcenT HC ObuT yBenuueH npubnusurensno H 20% 3 cyer po-
0 BieHHMsT B H JU3 COOBITHH, COEEPX LIMX MIOOHBI, KOTOpble HE MOIJIM OBITh
0TOOp HBI CP 3y MIOOHHBIM TpUITEpOM. [lepBUUYHBIM KpuTepreM OTOOp ObLIO
NPUCYTCTBHE B COOBITUM HENOCT IOlIeil norepedHoil sHepruu K, > 35 9B u
H JIn4ue 1Mo Kp HHell Mepe ABYX cTpyi ¢ sHeprueil Ep > 10 I'»B. Ecmu npu
3TOM IPUCYTCTBOB JI WM CETMEHT TPEeK B p HOHE, HE OXB YEHHOM JIENTOHHBIM
tpurrepoMm CMX-K Mepsl, uiu cermMeHT Tpek Tonpko B CMU- 1 CMP-k Mep x
7160 M30JMPOB HHbII TPEK, HE OIMO3H HHbI MIOOHHBIM JIETEKTOPOM, TO MIOOHHOE
coObITHE-K HIOWA T 100 BISUIOCH B H JiM3 (T K H 3bIB €MOE P CIIMPEHHOE MIOOH-
Hoe coObiTne). H mono6Hoe coObiTHe H KIT JbIB JINCh YK 3 HHBIE BbIIIE TPEOOB -
HUS 110 KPUTEPHI0 000COOIEHHOCTH, HEPTHU CTPYH, 10 MONEPEYHOMY HMITYIIbCY
pr > 20 TsB/c, 3 Iper H IWIENTOHHYIO MOAy p ci A ti-m pel. Jig r p HTHM
HOJIHOM 3(pheKTUBHOCTU TPUITEP BBOJUIIKUCH JOTOIHUTEIbHbIE KPUTEPUU OTOOP :
P CIIMPEHHOE MIOOHHOE COOBITHE JOJIKHO OBUIO COEpX Th 2 CTPyH C DHEpruei
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Er > 25 I'sB, oqH ¥3 KOTOpHIX JOJKH ObUT  OBITH B MHTEPB Jie ICEBIOOBI-
crpotsl |n| < 0,9, T KXe oTmeseH OT aApyroil Konycom AR > 1,0.

PexoHCTpyKLuS CTpyil MPOBOAMI Ch C IOMOINBIO CIELUH JIBHOTO JITOPUTM
B koHyce AR = 0,4. DHepreTnyeckuii BKJ1 1 6 IIeH K JOPUMETPOB, COOTBETCTBY-
IOIIMHA OTOOP HHBIM BIIEKTPOH M, MCKJIIOY JICS, ITPU PEKOHCTPYKLUH HOIEpEeYHOM
®HEPruU CTPYM YUMUTHIB JIUCh 3(pcheKThl (hp IMEHT LMH, HEOTHOPOAHOCTH K JIOpH-
METp M ero OCOJIIOTH $1 HepreTuyecK s IIK JI .

W3-3 H au4us B rpoliecce HEUTPUHO MOSBISETCs JUCO J1 HC DHEPrUU B IOTIe-
PEeYHOH IIOCKOCTH, HEJOCT TOK IONEPEeYyHON 3HEPrud OmpeseseTcd MpoeKIuei
®HEPreTMYEeCKUX BKJI OB BCeX O IEH K JIOpUMETP H MOINEPeYHyl0 IUIOCKOCTb.
Tpebyemoe 3H yeHHME HENOCT IOLIEH IONEepevyHON SHEpPrHu AOJKHO OBUIO OBITH
Fp > 20 I'sB nocrne nonp BOK H BOCCT HOBJICHHBIN MMITYJIbC MIOOHOB H yTOYHE-
HUS BHEPIUU CTPYH B K JIODUMETPE.

B KX-npouecce W+ ctpyu npeobs i 10T H GOpBI J HHBIX, YIOBIETBOPS-
IOUIMX TePeYrCIeHHbIM Bblllle Tpe6oB HusM (LJ-n HHble). 1 yimydieHus OTHO-
LIeHNs CUTH J—(oH HeoOXoauMo ObUIO MIEHTH(UIMPOB Th COOBITHS C ABYMS H
6osee b-cTpysiMu, JUIs 4ero ObUT BBEICH KPUTEPUI H JIMYMS B COOBITHH 110 Kp HHEH
Mepe [BYX CTpYH, COlepX LIMX BTOPHYHBIC BEpIIMHBI OT OOp 30B BILIErocs BHY-
TPU CTPYU IPU [OpPOHMU3 LM b-KB pK B-ME30H U MOCIEAYIOIIEro ero p Cm I .
AJroput™ oT60p 1O BTOpWUYHOU BepuinHe [38] ObUT H CTpoeH T K, uTo dhhek-
THUBHOCTb MJIEHTH(HK muu b-ctpyn cocT B~ 50 %, BEepOSATHOCTh HPHHSTH
CTPYIO OT JIETKHX KB PKOB K K b-cTpylo cocT Bist1 2 %.

Mooenupos Hue memooom Monme-K pao. MonenupoB Hue MeTonoM MoHTe-
K pno ucnosnp30B jock B GonbinuHcTBe MccnenoB Huit H CDF, B ToM uucie s
onpeseiacHus: 3 psan t-KB pK . s reHep muM COOBITUH W I PTOHHBIX JIUBHEH
ucnosnb3oB 1 cb nporp MM PYTHIA Bepcum 6.216 [87], mpu aTOoM 3H 4eHue
M CCHl t-KB PK NpHHUM Jloch m; = 172,5 TeB/c2. H Gopbl coObITHIA, creHe-
PUPOB HHbIE IS APYTUX 3H YEHHH M CCHI {-KB DK , UCIIOJIb30B JIUCh JUIS H3yde-
HUS 3 BUCMMOCTH U3MEPEHUI OT ®TOro m p Merp . H Gopsl coObituii p cin g tt-
I pBl, CreHepupoB HHbIe nporp Mmoii-renep TopoM HERWIG Bepcun 6.510 [88],
UCIIOJIb30B JIUCh JUISl ONpENeIeHUs BO3MOXHOW CHUCTEM THYECKOW OMIMOKH, CBS-
3 HHOW ¢ BbIOOpOM reHep Top . BospmmHcTBO (OHOBBIX cOOBITHII ObUIM CcMOZE-
nmupoB Hel niporp Mmoii PYTHIA, xpome ¢on ot mpouecc W+ crpyn, cMoze-
JIMPOB HHOTro ¢ nomoipio nporp Mmbl ALPGEN Bepcuu 2.10°. Mouenupos -
HHe (PYHKIMI I PTOHHOTO p CHpeleeHUs] MPOBOIUIOCH C MOMOLIBIO MPOTP MMBI
CTEQSL [84], mpolieccoB B3 UMOACUCTBUS 4 CTHUIl C JETEKTOPOM — C IOMO-
mipio nporp MMel GEANT, U1 MofenupoB HUs p 3BUTHUS JIMBHEW UCIONB30B JI Cb
nporp mm  GFLASH [89].

Coomnecenue mexoy W-6030nom u b-cmpyeii. K xmoe cobeitie comepx 10
JITITOH, HECKOJIbKO K HIMA TOB H b-CTPYH M CTPYHM OT JIETKMX KB PKOB. UTOObI
IPUCBOUTD YETHIPE CTPYH B COOBITUU C H MOOJIBLIMMHU IONEPEUHBIMU UMITYJIbC MH
YETHIPEM KB PK M CHUCTEMBI OT P CII I tf-II Pbl U CBSI3 Th JIENTOH OT JIEHTOHHOTO
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pconn W-6030H c b-crpyeil, oOp 3ylomerocs Hpu p ci ae {-KB pK , ObI
UCIIOJIb30B H TMPOLEdyp KHHEM THYECKOro (PUT M CChl t-KB PK , OCHOB HH S
H MUHMMH3 LM (YHKLIMOH 11 2, KOTOpHIi BKII0Y €T B ce6si (PMKCHPOB HHbIE
M cCHl t-KB pK ¥ W-6030H : m; = 172,5 IsB/c?, my = 80,42 I'sB/c2. Brort
(pyHKLIMOH JI OIKCHIB €TCS yp BHEHUEM

i i \2 ~UE UE\2 2
2 (Pt —rT) (B;" —pi")" | (my; —mw)
oo ¥ Ghoph 5 GRS ol
i=1,4jet i P 7 T
(mi, —mw)®  (mpi; —me)® (mp, —my)?
+ 2 + 2 + 2
O'W O't Jt

B »TOM yp BHEHMU NEpBBIi WIEH OLIEHUB €T M3MEHEHHE IOIEPEYHbIX UMITYJIb-
COB JUISl YEThIPEX CTPYH W JIENTOH , BTOPOil — BBINOJNHSET TY Xe (PYHKLHIO s
BHEKJI CTEpHOIl ®HEPruu, KOTOp $ MPEACT BIsieT cO0Oil DHEproBblIeeHHe B K -
JIOpUMETpE, He OTHECEHHOE K YeThIpeM BEAYIUM CTpysM u Jientony. I[locnennue
YeThIpe WIEH yp BHEHHs OTBEY 10T 3 PEKOHCTPYKLHMIO MHB PH HTHBIX M cc W-
6030HOB 1 t-KB PKOB. I1 p METphl oy U 0y NMPEACT BISAIOT COOOH IHUPHHY P CIT I
W-6030n (2,12 TsB/c?) u cymmy KB JIp TOB TEOPETMUECKOI IUPHHBL P CI 1 1-
kB px (1,5 ['sB/c?) u akcniepuMenT NbHON omm6Ku s ero M ccbl (0,9 TaB/c?).

CoObITHSI-K HAUI Thl MOTYT COIEpX Tb 2, 3 wiu 4 cTpyd, WIEHTH(HLIUPO-
B HHBIE K K b-CTPyH OT BTOPMYHBIX BEpIUHUH, II03TOMY OYHyT IPUCYTCTBOB Tb CO-
OTBETCTBEHHO 2, 6 win 12 BO3MOXHBIX NpuCBOeHUWil b-ctpyil W-6030H M. s
K XJIOT0 NpUCBOeHHst W—b p CCUMTBIB JUCh B 3H 4eHHs (YHKIMOH J1 X2 s
y4eT HEOIPeeJICHHOCTU B H TP BJICHHHM IPOJOJIBHOIO UMITylIbC HelTpuHo. K K
OBUTIO ONpeneseHo MouenupoB HueM Monte-K pio p e g ¢f-11 phl, ipu BeIGOpE
KOMOMH IMM C MHHUM JIbHBIM X2 BEPOSTHOCTH IIP BWIBHOIO IpPHCBOEHHs W—b
(B O NbpHEUIIEM — YHCTOT , ppair) coct Bisier 76 %. Ilpu BBeOeHUU BEpPXHETO
Orp HUYEHMS H MHHHM JIbHOE 3H YeHMe X2 YMCTOTY NPUCBOEHUS MOXHO IMOBBI-
CUTh, HO 3(P(PEKTUBHOCTH OTOOP COOBITHIA MPU BTOM CHMXK eTcsi. ONTUM JIbHOE
TIPMCBOEHHE MOXHO OMNpeJesUTh Yepe3 M KCUM JIbHOE 3H 4eHue I p MeTp D2,
TIOJy4EHHOTO U3 CMOJETMPOB HHOTO H 60p J HHBIX P CN A t{-TI phI, THE € —
apexTuBHOCTD OT60p COOBITHH, D = 2ppair —1. B H 113 0T6Hp 1HCH COOBI-
TSI, y KOTOPHIX MUHUM JIbHOE 3H YeHHe Y2 He IpeBbIll €T 9, 3 CUeT dToro a¢h-
thexTrBHOCTH OTOOpP cOObITHI cocT Bl 53,2+0,1%, uucror — 83,3+0,1%
(30ech NpUBEJIEHBI TOJIBKO CT TUCTUYECKHE IOTPEIIHOCTU, CUCTEM TUYECKUE OIH-
C HBI HHXeE).

Onpedenenue 3 pao b-cmpyu. [ TOTO, YTOOBI ONPENETHTH CTPYH OT b- U
b-KB PKOB, MCNIONB30B Jica sroput™ JetQ. CTpyH, MMelolue TPeKH B KPEMHH-
eBoM BepuIMHHOM netektope (SVD) B konyce AR < 0,4 BoKpyr ocu b-ctpyu
C NPHLEIBHBIM 1T p MeTpoM MeHblIe YyeM 0,15 ¢cM OT NepBUYHON BEpIIMHBI U T10-
HepeYHbIM UMITyIIbcoM Oouibiie yeM 1,5 IB/c, cuur JiMch NpOU3OLICAIIMMU OT
b-xB pxos. [Ipu 3TOM B KOHyce ZOIKHO OBLIO IPHUCYTCTBOB Th IO Kp HHEH Mepe
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OB T KHX TpEK . 3 paa OT TPEKOB CYMMHPOB JICA € YUYETOM BECOB, KOTOPBIE 3 -
BUCAT OT KOMIIOHCHTBI UMITYJIbC BIOJIb OCU CTPYH:

Z (ptrack : pjet)0,5Qtrack

E (ptrack : pjet)075
e Pjct(Ptrack) — BEKTOP UMIIYNIbC CTPYU (TpeK ) ¥ Qirack — 3 P Y CTHULEL,
CBSI3 HHOH ¢ 3TUM TpeKoM. TpeOoB HMS K TPEK M U 3H YEHHE IOK 3 TeJlsl CTeIIeHH
ObLIM BBIOpP HBI B PE3YJIbT T€ ONTUMHU3 LUM Jroput™ JetQ H CMOJEeTMpPOB HHBIX
I HHBIX p ¢ o ti-m pel. Bcam 30 yenne m p mMetp JetQ GBLTO MOMOKMUTENBHBIM,
TO CTpys NPHUIHCHIB 11 Cb b-KB PKY, IIPH OTPHIL TEJILHOM 3H YeHMM — b-KB DKY.
C nomompio Mopenupos HU MoHTe-K prio BBEICHHIOCH, YTO JITOPUTM HMEET
apexkrusHoCcTh 0TOOP 97,9 £ 0,1 % 1pM BEepOATHOCTH (YUCTOTE) ONpENENeHHs
np BWIBHOTO 3 paa  b-ctpym 60,8 + 0,1 %.

K nubposk JetQ- neopumm H ocHoee 0 HHbix CDF. T K X K Helnb3s CMO-
JENUpPOB Th B IOJHOM OObeMe (p I'MEHT LMI0 CTPyH, YUCTOT JetQ- jroputw ,
TIOJTy4€HH $1 TIPH MOJIEJTMPOB HUH, ObIJT CKOPPEKTUPOB H C ITOMOUIBIO 0Op OOTKH
H 6op 1 HHBIX CDF, o0or ImeHHBIX TSKETbIMH KB PK MU I COOBITHII C IBYMs
cTpysMH. B coObITHH OMKEH ObLT HPUCYTCTBOB Th LIEHTP JIbHBIH MIOOH C IIOIIe-
peuHbIM uMIynbcoM pr > 8 I9B/c. T Kxe B COOBITUM HOJIXH TPHCYTCTBOB Th
MEUYEeHH S MIOOHH § cTpyd ¢ aHeprueil Er > 20 I'sB, xoTOp 4 comepXHUT MIOOH
C TIONIEPEYHBIM UMIIYIbcOM pr > 9 I'sB/c BHyTpH KOHYC U TECTOBYIO YA JICHHYIO
cTpyio ¢ aHeprueit Ep > 20 9B, p crnonoxennyo mox yriom A¢ > 2 OTHOCH-
TEJIBHO MIOOHHOHM cTpyu. O6e CTpyM NOJKHBI OBITh OMO3H HBI K K b-CTpyH depe3

JITOPUTM BTOPUYHOM BEPIIUHBI, HO U1l MIOOHHOM CTPYH IIPU 3TOM HCIIOJIB30B JICT
6osiee U30UpP TEJBHBIA CIIOCOO MEUEHMS.

Yucror JetQ- JIropuT™ ompemensl cb K K 018 COOBITHI, B KOTOPBIX 3 -
PSA M3 MIOOHHOH CTpyH OBbII NPOTHBOIOJIOXKEH JetQ-3H YeHHIO yJI JIEHHOH CTpYH.
T KXe y4UTBIB JIOCH CIIE[yIOIIee: CJIM MIOOH POXH JICI M3 K cK I b — ¢ — p,
TO €ro 3 psI MPOTHBOIOIOXKEH 3 PSALy MIOOH , H TPSMYI0 POXAEHHOIO P CII IOM
b-kB pK (BTOpHYH s BHIOOPK ); TOT Xe 9(pekT H G0 JICH B CIIy4 € CMELIUB -
HUs b-KB pK , T.e. Korg , 641 roa ps By < Bo—ocuymnﬂumm, b-KB pK mepexoant
B b-KB DK (CMeIl HH s BBIOODK ); M €CJTM OJMH M3 IBYX K HIMI TOB H b-CTpyIO He
ObLT ONO3H H, TO OTCYTCTBOB JI CBSI3b MEXIY 3H ueHHeM JetQ yI JIeHHOi cTpyu u
MIOOHOM (BBIGOPK , He COfiepX I 5 CTpyH OT bb-KB pKoB). IlepBble 1B 3thcpekT
ObLIM TOJIydeHbl U3 MOIEIMPOB HUS, NOCIEIHUI — W3 (PUTHUPOB HUS I HHBIX.

Ilng Bbitenienus bb-BHIOOPKU M3 ABYXCTPYHHBIX H GOPOB COOBITHII OBLTH HC-
MIOJTb30B HBI B HE3 BUCHMBIX (UT . CH 4 JT BBIEENSUT Cb D-BBIOOPK B MIOOHHBIX
CTpySX 4epe3 (PUTUPOB HHE P CIpeeeHUs KOMIOHEHThI ONEPEYHOTO UMITYIIbC
MIOOH IO OTHOWIEHUIO K H IIP BJIEHHUIO CTPYU DT,,. OT KOMIOHEHT 3H 4M-
TeJIbHO OOJIBLIE ISl MIOOHOB, IIOPOXKAEHHBIX CTpyel oT b-KB pK . Mcnosib30B HHblE
1 GJI0HBI NIpUBEeHbl B BepxHeM psny puc. 10. LI GoHbI 171 JIerKoro KB pKk U
C-KB PK ObUIM OOBEAMHEHBI, T K K K OHH JIOCT TOYHO OJM3KH. 3 TeM BBIIEISUI Cb

JetQ =

)
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Puc. 10. ITpumeps! m 6710HOB Ws pr,., (BBEpXY) W Vi1 UHB DU HTHOW M CCBl OT IPOAYKTOB BTOPUYHON BEpLIMHBI (BHU3Y) WId b-, c- 1

Er

JIETKUX KB PKOB IPU P 3JIMYHBIX 3H YCHUAX DHEPIrUU YO JICHHOU CTPYU



b-BBIOOpPK B y& JIEHHOW cTpye 4yepe3 (PUTHPOB HHE MHB PH HTHOW M CCBl U CTHII
OT BTOPUYHOU BEPUIMHbBI, KOTOP I IPUHUM €T OOJIbILIME 3H YeHHs B ClIyd €, eclld
POAMTENBCKUI KB PK — TSXKENBIH.

Jlormyck s BO3MOXHOCTb, YTO B H OOp X A HHBIX, HOJIy4YEHHBIX MOIEIMPO-
B HHEM, Hellb3d JOCTOBEPHO CMOJENIUPOB Th P CIpelesieHHe SHepruu L oT yx -
JICHHOH CTpyHW B CJIy4 €, KOIJl JIerKHe KB PKH OIIMOOYHO MpPUHATH 3 b-KB PKH,
ObLIM UCIIOJIB30B HBI BCe LI OJIOHBI [UIsi (PUTUPOB HHs JABYCTPYHHBIX H GOpOB CO-
ObITHIT JUISl HE3 BUCHMBIX M I 30HOB dHepruu Fp yn jieHHou crpyu. [Tockombky
b-BBIOOPKM OT MIOOHOM M YJI JIEHHOH CTpYH IOJy4eHbl yepe3 He3 BUCHMOE (hH-
THPOB HUE, TO MH(OPM UM 00 WX CBI3M BHYTPH [IBYXCTPYHHOTO COOBITHS He
6p110. OfIH KO €ciu NPedroioXNUTh, YTO 3T CBSI3b M KCHM JIbH (MHHHUM JIBH ),
TO MOXHO TOMYYUTh BEPXHMIl (HIXHMIT) Tpenen bb-BHIGOPKH. 3 TeM B K XIOM
TIPOMEXYTKE BHEPTHil yI JeHHOH cTpyd E7 KonmmdecTBo bb-coObITHIl ompenens-
JIOCh K K Cpe[lHee 3H YeHHE OT BEPXHEro U HIKHEro MpeesioB, IPU 3TOM MOTperl-
HOCTh Op JI Cb P BHOIi IOJIOBUHE P 3HOCTH MEXIY 3H YEHHSIMH 3TUX IPEIENOB.

Kom6unupys bb-BHIGOPKY CO BTOPHYHON M CMEIl HHOM BBHIGOPK MH, MOXHO
BHECTH IONpP BKY T U3MEPEHHOW YHCTOTHI B K XAOM O I1 30HE DHEPIHU YA -
neHHoil ctpyn Er. OrmpeneneH monp BOYHBIH HOPMHPOBOUYHBIN KO3(hpHLIUEHT
SFrq nna JetQ- nroput™ , KOTOPHI P CCUMTHIB JIcd K K OTHOLIEHHE YHMCTOTHI
1 OBYCTpYHHBIX H GopoB 1 HHbIX CDF Kk umcrore & HHBIX, MOJTy4EHHBIX B pe-
3yJbT T€ COOTBETCTBYIOIIErO MOJEIUPOB HUSA. 3 BUCUMOCTHU 3TOTO KOD(PPHUIIMEHT
OT ®HEPruu yj JeHHOW cTpyu Fp He H 6mon jiock (puc. 11).

IMonu 4 cucTeM THYECK s MOrPEIIHOCTh I Koatdumuent SFjq cocr -
BT 3,2 %, pu 3TOM OCHOBHOM BKJI JI BHOCWJIN IOTPEITHOCTH (hOpMBI 11 6J10H

1.3

Y% NDF 6.2/8

1.2

—
—_

Scale factor
.o —
) =

e
S

0_7|I|||I|||I|||I|||I|||I|
20 40 60 80 100 120

Away-jet Ep, GeV/c?

Puc. 11. OTHoweHne yucToTsl s JetQ- Aroput™M K YMCTOTE A HHBIX M3 MOAEIUPOB HUS
Monre-K pio K K ¢yHKIMsS OT ®HEpruM yi JieHHOH cTpyu Er. IIyHKTUDH s JUHUA —
pe3yipT T (PUTUPOB HMS JI HHBIX
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(2,3 %), meroponoruu ¢utupoB Hug (1,8 %) u npeanonoxeHue JMHEHHOTo U3Me-
Herus SFjg or Er yn nenHoil ctpyu (1,4 %). OKOHY TelbHOE 3H YEHHE JUTS
koa(puument coct Buio SE ;o = 0,99 £ 0,01 (cr 1.) £ 0,03(cucr.).

®Donosvie npoyeccel. T1oJ TOHITHEM «CUTH Ji», WIH «CUTH JIbHOE COOBITHE»,
HOHUM JIOCh K K cOObITHE OT p ci o -1 pol B p MK X CM, T K u cobbiTue
C 3K30TMUECKMMM KB PK MM M ccoil 172,5 TeB/c?, mnsd KOTOpBIX NPUMEHSIOCH
Momnre-K pno-mMonenupoB Hue, onuc HHoe Bbille. OCHOBHOW BKJI A B (hOHOBBIE
IPOLIECCHl BHOCIT MHOTOCTpYFHBIE Tpouecchl ¢ W-0030HOM U HECKOJIBKUMU CTPY-
amu. T Kue coOBITHS HONI [ JIM B «CHUTH JIbHBI» H Oop JMOO KOrjm JBe CTpyH
6butn b-ctpysamu (W + HF), 6o Korm cTpyH U3 JIerkKuX KB PKOB OIIMOOYHO OMO-
3H B JIUCh K K b-cTpyw (mistag). Hdpyrue BKJI ObI B (POHOBBIE IPOLIECCH I B JIH
KX MHOrOCTpYiiHBIE COOBITHS, B KOTOPBIX OIH CTPYd OLIMOOYHO OINO3H B JI Cb
K K JIENTOH, JBE Apyrue K K b-cTpy nubo K K BCe HElp BWIBHO WUIACHTH(UIM-
poB HHble b-ctpyu (QCD fake), u COOBITHSI C OAMHOYHBIM POXJICHHEM t-KB PK
(single top) u nByx6030HHbBIe coObITHs (diboson). U3-3 TpeGoB Hus uaeHTHHUK -
LMK 110 Kp #He# Mepe ABYX CTpyil K K b-cTpyn ypoBeHb ()OH ObLJT OTHOCHTEIIBHO
HeOOIBIIOH U cocT BisLT = 15 %.

Jng momy4eHus mpeack 3 Hus g (OHOBBIX NPOLIECCOB HCIIONB30B JICA Me-
TON T KOH XK€, K K JUIl U3MEPEHHUS CEYEHUs] POXIECHHUS I Pl tE-KB PKOB B JIENTOH-
CTPYHHOM K H Jie, u3noxeHubiit B [90]. s onpenenenus 3¢ppeKTHBHOCTH Tpe6o-
B HUil K 1 p MeTpy X2 u JetQ-or60py 6bu10 IpoBeneno Moure-K pno-monenupo-
B HHUE I K KI0ro (hOHOBOTO IIPOLECC 3 HCKIIIOYEHHEM IpoLecc ¢ « JIpIIH-
BbIMI» MHOTOCTpYiiHbIME coOBbITHIMEU (QCD fake), mid Hero ObLTH HUCIIONB30B HBI
9KCIIEPUMEHT JIbHBIE [T HHbIE. 3 TE€M OMpelesisyl Cb KOPPesaLusd MEeXIy 3 psSaoM
NEpBUYHOIO JIENTOH U 3H 4YeHHeM JetQQ cOoOTBETCTBYMOLIEH b-CTpyH I K KIOr0
T (QOH . DT KOppeNsiMsl ONpenessul cb K K pond W—b-m p, Kotopble ObUIH
KJI ccuUIMpoB HBI K K coorBercTByomue CM, ot obmero kommuects W—b-
n p. Oxwun j0och, 4TO T BeIMYMH Oyner cocT BIATh 50 %, T.e. cobbitne Oy-
JeT KJI CCH(PUIMPOB HO C OMUH KOBOM BEpPOATHOCTHIO K K SM- miiu XM-coObITHE
3 HUCKJIIOYEHHEM [BYX MPOLIECCOB — OOMHOYHOIO POXAEHHd {-KB PK M MHOTOC-
TpyiHOTO Mponecc bb-poxueHus, B KOTOPOM JIENTOH OT MOJIYNEeNTOHHOTO P CI 1
b-xB pK ObUT MAEHTU(ULIUPOB H HENP BUIIBHO K K HepBUYHBIA. s repBoro u3
MIEpeYrCIIEHHBIX TPOLECCOB OBUIO MPOBEIEHO MOJAEIMPOB HHUE C LIENbI0 OIpejie-
JICHHUs] BO3MOXHOM KOPPEJISILUH, UIi BTOPOrO MPOoIece ObUT UCIONB30B H H 60p
1 HHBIX, YIOBIIETBOPSIIOIINI YK 3 HHBIM BbILLE KPUTEPUSIM OTOOpP , IIPUYEM JICNITOH
MOT' He yHOBJIETBOPSATH IO Kp HHEH Mepe JBYM KPHTEPUSIM.

Pesynbr THI mpuBenens! B T 6. 11 u 12 u v puc. 12-14. DddexkTuBHOCTH
Tpe6oB Huii no X2 u mo JetQ- JroputMy Ui p 3MTMYHBIX (DOHOBBIX MPOIEC-
COB MOK 3 H B 3-M U 4-M cTonOI X T 611. 11, mpH 3TOM KOJNHYECTBO KB PKOB-
K HAaua ToB (cTonberl 5) yBelIUYeHO BOBOE, T K K K K XKI0e OTOOp HHOe COObITHE
coIepXKUT ABe M pol W—b, K XI 9 U3 KOTOPBIX mpexact Bmnger SM- umu XM-
K HIUO T .
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T omun 11. Oxup eMoe KOJIMYECTBO KB PKOB-K HAWA TOB VIS P 3JMYHBIX (DOHOBBIX
nponeccoB: Nper — KOJHYECTBO COOBITHIA 10 IPUMEHEHUS KpuTepueB; Nare — KOJIHU-
4YecTBO KB PKOB-K HJHJ TOB IOCJe NMpuMeHeHHs KpHurepueB; Nypgq — IOTHOE YHCIO

thoHOBBIX cOOBITHIT; N5, — IOTHOE YHCIO0 CHTH JBHBIX COOBITHIA

BddexTrBHOCTD D ek THBHOCTD
Tpouece Noet ngﬁaeﬂenm x> ?gt)Q—omop Nate
W +HF 66 £ 22 0,152 £+ 0,004 0,970 £ 0,003 19,5+ 6,4
QCD fake 18+ 14 0,17 £ 0,08 0,88 £0,12 5,4+4,8
Diboson 4,7+0,7 0,22 + 0,02 0,97 £ 0,01 2,0£0,4
Mistag 9,7+2,6 0,15 £ 0,02 0,96 £+ 0,02 2,8+0,8
Single top | 10,6 £1,3 0,23 + 0,004 0,972 + 0,003 4,4+ 0,5
Npgd 109 + 26 He onpepneneno He onpepneneno 34+£8
Negn 670 110 | 053250008 ) | 09795008 %) | 700 £ 120

T 6mmy 12. Cea3p Mexay 3 pAAOM NePBHYHOIO JIENTOH H 3H 4deHHeM Jet(QQ coorBert-
cTBYIOLIEi b-cTpyH, KommdectBo SM- 1 XM-K HAUA TOB JUI P 3JMYHBIX (DOHOBBIX NPO-
neccoB: [N — KOJHYECTBO OXKHJ €MbIX KB PKOB-K HIHUA TOB; Npgq — MOJHOE YHUCIO

thoHOBBIX cOOBITHIT; Nsgr, — IOTHOE YHCIO CHTH JBHBIX COOBITHIA

Tpottece N Koppersitus Konw-leCTBov KOJ‘[I/I'—leCTBOU
SM-co0bITuit XM-coObITHii
W + HF 19,5 + 6,4 0,5+0,0 9,7+3,2 9,7+ 3,2
QCD fake | 5,4+4,8 0,48 + 0,06 2,6 +2,3 2,8+ 25
Diboson 2,0+04 0,5+0,0 1,0£0,2 1,0+£0,2
Mistag 2,8+0,8 0,5+0,0 1,4+04 1,4+04
Single top | 4,44+0,5 0,51 £ 0,01 2,3+0,3 2,2+0,3
Nbgd 34+8 0,50 £ 0,01 17+4 17+4
Negn 700 £ 120 | 0,56250 0 e 394 + 66 306 + 51

B H 6op X 1 HHBIX W19 (POHOBBIX IPOLECCOB HEOOXOOUMO BBIICHUTH H -
JIMYMEe B CHUTH JIBHOM COOBITHM KOPPETSLMH MEXIy 3 psig MM JIENTOH U COOT-
BETCTBYIOIIEH b-cTpyu. DT KOppessdius Onpenensyl Cb K K YUCTOT (OH pp =
N, /(N4 + N_), e Ny — konuyectBo W+—b (W~ —b)-nn p, 1.e. SM-k Hu-
o toB, IN_ — kommuectBo W~ —b (W‘*‘—B)—n p, T.e. XM-k Haun ToB. Ecim
Koppemnsuuu Het, Ny = N_, to uncror ¢on p BH 0,5, T.e. oH cummeTpuy-
HBIA. B ciyd e ogmHOYHOrO poXzueHus! {-KB PK WJIM MHOTOCTPYHHBIX COOBITHI
MOXHO Mpearon r Tb cuMMmeTpuo ¢oH . K K Mok 3 jm p cuersl, 1 Beex ¢o-
HOBBIX TIPOLIECCOB CBSA3b MEXAY 3 PSIOM IIEPBUYHOTO JIENTOH U 3H uYeHHeM JetQ
cooTBeTCTBYIOIIEH b-cTpyn ObuT  0KOsIo 50 % (T 6:1. 12, crosnber 3), KOIMIECTBO
SM- 1 XM-K Haua TOB 171t (POHOBBIX IIPOLIECCOB MPEICT BIEHO B cTONON X 4 1 5.
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Puc. 12. P cupenesienne MunuMyM yHKUMOH 1 X2 11 COBBITHIA, YIOBIETBOPSIONIMX
KPHTEpHsIM OTOOp , VISl P 3MHYHBIX (POHOBBIX MPOLIECCOB M MPOLECC P CII A tE-I bl
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Puc. 13. P cnpenenenne KOMMYECTB TPEKOB, UCIIONB30B HHBIX MPH P CUET X I P METP

JetQ

It Toro, 4roOBl NP BUJIBHO HPUCBOUTH JICHITOH COOTBETCTBYIOIIEH b-cTpye,
CTPOWIOCH P CHIpejie/ieHue MUHUMYM (DYHKIMOH 11 X2 juis COOBITHIA, Ipomie-
LIMX YK 3 HHbIE BbIIE KPUTEpUH OTOOp . Pe3ynbT Thl MUHMMH3 LM IJIS CMOJie-
JIUPOB HHBIX (POHOBBIX IMPOLECCOB U COOBITHH p ci 1 t-1 Pbl (LBETHBIE THCTO-
TP MMBI), T KXe€ dKCIEPHMEHT JIbHBIE J| HHbIE NPUBENEHBI H pHC. 12, CTpeKoii
YK 3 H BepXHUil Tpemen jis x2. P crpejenenus KoJMYecTB TPEKOB, MCIIONb-
30B HHBIX IIPH P CUeT X I p MeTp JetQ, U MOmepeyHoro UMIYJbC JIENTOH pPr
¢ yueToM (pOHOBBIX MPOLIECCOB MPEACT BIEHBI H puc. 13 u 14.
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Puc. 14. P cripezienieHue 1onepeyHoro UMIyJIbC JIENTOHOB pr

Cucmem muueckue noepeutnocmu. ICTOUHUK MU CUCTEM THYECKUX MOrpeul-
HOCTEH CIyX T MOTrPEIIHOCTU MPU MOIEIUPOB HUU I'€OMETPUYECKOTO0 U KUHEM -
TUYECKOro KCEeNT HCOB, 3EKTUBHOCTU OMpeeSeH!s] BTOPUUHBIX BEPIIUH, IO-
[PELIHOCTH LK JIbl SHEPTHU CTPYil, MOrPEIIHOCTA B OLIEHKE (POH U CBETHUMOCTH.
IIpu MonTte-K prio-mMonenupoB HUM F€OMETPUYECKOrO U KHHEM THYECKOro KCell-
T HCOB YYUTBIB I0TCS 3(PeKThl OT PYHKLMH p CHpeIeSeHHs I PTOHOB, [NIIDOHHOTO
U3Jy4eHUS H 4 JIbHOTO U KOHEYHOI'O COCTOSHMUM U LK JI 3HEPTui CTPYM.

ITorpewwHocTh, CBSA3 HH 5 ¢ (PyHKLUEH p CHpEeAereHHs I PTOHOB, OIpeNesis-
JI Ch Uyepe3 U3MEeHEeHHe He3 BUCHUMBIX COOCTBEHHBIX cocTosiHuit BekTopoB CTEQO6M
PDF-u 60p [91], 31 uenns Aqcp ¥ 4epes mocnemymollee cp BHEHHE HOMUH JIb-
Heix 3H yenuidi CTEQSL PDF [56] ¢ MRST72 [92]. U3MmeHsnuch T KXe B mpe-
nen X £1o 1 p METpbl, CBSI3 HHbIE C IJIIOOHHBIM HM3JIyYEHHUEM B H 4 JIbHOM HU
KOHEYHOM COCTOSIHUSIX, COOTBETCTBYIOL $I NOTPELIHOCTh P CCUUTBHIB JI Cb Y€pe3
Cp BHEHME pe3yJbT TOB C MCXOAHBIMUA. AH JIOTHYHO ONpEnessyl Chb MOTPELIHOCTD
IIK JIbl ®HEPIUU CTPYH: ee K JIMOPOBOUHbIE KOD(P(HLUEHTH W3MEHSIUCh B IIpe-
aen X +1o, mocne 4ero sHeprusi CTpyH KOPPEKTHPOB JI Ch COII CHO 3TOW HOBOM
wK Jjie. CucTeM TUYECK $ MOIPELIHOCTb OLIEHUB JI Cb K K IOJIOBUH P 3HOCTHU
MEXIY UCXOAHOI dHepruei CTpyu U dHEPrueil CKOppeKTUPOB HHOM, COINl CHO HO-
BOW MK Jie, cTpyd. Ellle OIUH HCTOYHUK IOTPEIIHOCTedl — BBIOOp TeHep Top ,
B 4 CTHOCTU MOJENU JAPOHHU3 LIUH, U1 OLEHKH 3TOH MOTPEIIHOCTH CP BHHB JIUCh
reHep topel PYTHIA u HERWIG.

Bce aTH mOrpemHocTH BIUSIM H KOJWYECTBO CUTH JIBHBIX U (DOHOBBIX CO-
oprtuii [90], T kke H 3((EeKTUBHOCTh M YHUCTOTY COOTHeceHus VW -0030H
¢ b-ctpyeit u H uucrory JetQ- mroputM . H mp BHIIBHOCTH COOTHECEHHUS
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W-6030H u b-cTpyH BIMSIET T KXKe HOTPEIIHOCTb, CBI3 HH 51 C BHIOOPOM M CCBHI
1-KB PK , UCIIOJIb3yeMOTrO NMPH MOJAENUPOB HHUH, U OIp HUYEHHE H (PYHKIHOH JI
2. DT NOrpemHocTh ONpeieNsyi Chb Yepe3 CABMI 3H YEHHl, MONyYeHHBIX IPH
Cp BHEHMH HOMMH JIBHBIX PE3YJIbT TOB C PE3yJIbT T MU OT JABYX JAOIOJHHUTENb-
HBIX H GOPOB /I HHBIX, CMOJIETMPOB HHBIX Wi M cc t-kB pk 170 u 175 T'aB/c?.
B K yecTBe OKOHY TEIHHOTO 3H YEHHUS CUCTEM THYECKOH MOTPELIHOCTH YHCTOTHI
JetQ- nroputM OBUT B34T BEIMYUH , MOJYYEHH 5 U3 K JIMOPOBKM JI HHBIX, IIPO-
CYMMHPOB HH ¢ C KB Jp TOM BEJUYMHBI OT IJIFOOHHOTO U3JIy4eHHUS B H U JIBHOM
¥ KOHEYHOM COCTOSIHHAX, T K K K OHM MOTYT OBITh P 3TMYHBIMH I bb- u ti-
COOBITHIA.

3H YeHus, MOJydeHHbIE B PE3yJbT T€ OLEHKH YK 3 HHBIX BBILIE CUCTEM TH-
YeCKHUX MOrpelrHocTel, npuseaeHsl B T Oi1. 13. Yucno 0,7 ms urcrotsl JetQ 1 HO
11 ©H(OPM LIMH, HO HE HCIOJB30B JIOCh IPU H XOXIEHUH IOJTHON IMOTpPeIIHo-
CTH, T K K K YHCTOT OIPENeNan Cb M3 K JTHOPOBKM 1 HHBIX M 3H 4eHue SFjg
yXe ObUIO IOIp BJIEHO JUIsd COOTBeTCTBYIoMeH Monrte-K pro-monenu apoHH3 -
uud. [losH S MOrpemHoCTh P CCUMTBIB €TCd K K CyMM KB JIp TOB OTJIEJIBHBIX
MOTPELIHOCTENH OT P 3HBIX HCTOYHHUKOB.

T 6muxy 13. P cuerHble 3H YeHHUs CHCTEM THYECKHUX MOTPEIIHOCTeM

Herounnk DpdexTHBHOCTD | DPHEeKTHBHOCTD Hucror Hucror
CHCTEM THYECKHX 2 COOTHECEeHUsI JetQ
J X “-ot6op JetQ- nroputm Web %)
Ik 1 sHeprum 0,2 0,004 0,1 0,1
crpyu (JES)
I'moonHoe uznyyeHue 0,5 0,1 0,2 0,2
I'enep Top
Monre-K pio 0,2 0,1 0,1 (0,7)
M cc t-kB px 0,4 0,2 0,9 0,5
PDF 0,7 0,002 0,1 0,02
Hroro 1,0 0,3 1,0 0,6

Onpedenenue yucmomnt cuex Ji . P C4eT UUCTOTHI CUTH 1 Pg CIOXHEE, YeM
P cyeT 4yucTOThl (POH , T K K K B CJIy4 € CHIH JIbHBIX COOBITHII HEOOXOIUMO OBLTO
OMPEIENUTh YUCTOTY NP BUIBHOTO COOTHECEHHS I P Ppair M YUCTOTY 3 PSII CTPYH
DJQ, 00 3TH BENMYMHBI CBA3 HBI C D-KB PKOM H 11 pToHHOM yposHe. H mo
OBUIO T KXE€ y4ecTb, YTO BBIOODK MOXKET COepX Tb COOBITHS C JIETKMMH KB p-
K MH, OmMOOYHO ONO3H HHBIMHU K K b-cTpyH (f,5), HOSTOMY HEOOXOMMMO BBECTU
koapurment SF,, KOTOPBIA NPUBOAUT B COOTBETCTBHE YPOBEHb OLIMOOYHOIO
b-meuenna mexny Monrte-K pro-mMomenupoB HHEM U U3MEPEHHSMH. DTOT KOd-
(ULMEHT OoINpenenseTcsi T KUM XKe CHoco0OM, K K M MPU U3MEPEHMSIX CeueHUs
npouece poxienus ti-iw p [90].
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IToNH s YMCTOT CHTH JI OMPENessyl Chb K K KOMOMH IIHsl YHCTOTBI TP BHITb-
HOTO COOTHECEHHS MPOAYKTOB P CI I W YHUCTOTHI JetQ- JITOPUTM  CIIEMYIOIIUM
obp 30M:

Ds = oS Fpppnb+
+ (1 = fupSFw) pwepsoSFiq + (1 —pwe)(1 —psoSFi0)],

II€ Pnp — BEPOIATHOCTb, YTO CUTH JIbHOE COOBITHE C HEIp BHJIBHO OIpEjesieH-
HOW b-cTpyeit Oymer p cueneHo K K SM- wimu XM-coObITHE; Py — YHCTOT
coorHecenus 111 W—b, pjo — uucror onpezenenus JetQ. DTu TpU YUCTOTHI
ObUTM TOJNYYeHbl H OCHOBE CMOJENUPOB HHBIX cOObITMH. Bemuuun SFro —
KOPPEKTUPOBOYHBIA KO3((PHULMEHT A1 MPUBEIEHUS B COOTBETCTBHE PE3YyNIbT TOB
Monre-K prno-mopenupoB uust mis JetQ- nroputm K g mueiM CDF. B T 611. 14
MIPENCT BJIEHBI 3H YEHMS YK 3 HHBIX BBILIE BEIMYUH C yYE€TOM CHUCTEM THYECKHX
morpemHocTei u3 T 6. 13.

T omun 14. ]I HHbIE 115 onpeneeHHs YHUCTOThI CHTH JI

IT p merp 3H yeHue

frb 0,079 + 0,001

SFnp 1,01 £ 0,03

Pnb 0,50 £+ 0,01

Pwb 0,833 £ 0,001 (cr T.) £ 0,008(cucr.)
PIQ 0,608 £ 0,001 (cr T.) £ 0,003(cucr.)
SFjq 0,99 £+ 0,01 (cr t.) £ 0,03(cucr.)

DKBUB JICHTOM CUTH JIbHOM YHUCTOTHI AJIS qJOHOBI)IX IIpoOHECCOB ABJIACTCA KOP-
pesinua MexXay JCtQ " 3 pAAOM IEPBUYHOIO JICIITOH , OKOHY TEJIbHbIC UCXOOHbIC
A HHBIE JUIA IMOCJICAYIOMIECTOo CT TUCTUYECKOro H JIU3 IIPUBEACHBI B T om. 15.

T oman 15. OueHK 4YHCT COOBITHI-K HIWA TOB, COOBITHIA 151 (DOHOBBIX MPOIIECCOB,
JUISL YMCTOTHI CUTH J M (DOH C COOTBETCTBYIOIIHMMH MOTPELIHOCTAMH

IT p metp 3H uyeHue

N; 700 £ 120

Ny 34+8

Ds 0,562 £ 0,004 (ct T.) £ 0,011(cucr.)
Db 0,50 £ 0,01
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Cm mucmuueck A 0o6p 6omk . B K 4yecTBe I p METp , UMEIOLIETO P 3HYIO
(pyHKIIMIO TJIOTHOCTH BEPOSITHOCTU VIS TUIOTE3BI CYLIECTBOB HHS dK30THYECKOTO
t-xB pk (XM-runore3 ) u t-kB px u3 CM (SM-runore3 ), Ob1 BBIOp H JIOJIS
SM-x Haua ToB fi. B ciayd e BepHOoit SM-runore3bl fi = 1, B ciiyu € BepHOU
XM-runoress! f1 = 0. U3-3 morpemHocTeil np BWIbHOTO cootHecenusi m p W—b
WP CYET 3 P CTPYH TOUYHOIO IOCTHXKEHHS YK 3 HHBIX 3H YEHH He OXMJI eTcsd,
HO B CITyd € BepHOil SM-THrore3sl 3H YeHue [y JOJDKHO ObITh OJMU3KUM K 1.

@yHKLMS Op BAONOAOOUS COUEPXK J1 5 COMHOXMTENCN:

L:LS.LNb .LNS .Lps .Lpb’

e Ly — p cnpenenende [y cCOH Ui CUTH JIBHOW Y CTH; Cleaylolnue 4 uie-
H — p crpegenenns I' ycc ¢ COOTBETCTBYIOIIUMH OTPELIHOCTMU I OXKUI -
eMbIx uucen curH JbHbIX (Lys) U oHOBBIX (Lp) COOBITHIA, YHCTOTBI CHIH JI
(Lps) 1 por  (Lypp).

P crpejenenue i CUIH JIbHOM Y CTH OIUCBIB JIOCh YP BHEHHEM

<N+>:c+ e(=(N+) (N_)o™ e(=(N=))

Loz, 27) =

S( ) ) x_i'_! x_' b

me T u = — xommyectBo SM- u XM-1OfOOGHBIX COOBITHII COOTBETCTBEHHO;
(N4), (N_) — oxwunm emble cpeiHHe 3H 4yeHus p crupeneneHus Iy ccoH s

N; u N_, onpezensemMble BBIP XEHUIMU

(Ny) = psNofy + (1 = ps) Ns (1 = f1) + poNo,
<N*> = (1 *ps) stJr +psj\fs (1 - er) + (1 *pb)Nb-
3pech Ny — KOJIHMYECTBO CUTH JIBHBIX COOBITUI-K HAUA TOB;, N — KOJIMYECTBO

(hOHOBBIX COOBITHIA.
P cnpepenenue s oXug eMbix ()OHOBBIX COOBITHI ONPEIENsIOch K K

1 (yp — Np)
LNb (yb) = eXp |[— 202 ’
V2mon, onN,
rne Ny U o, — KOIu4ecTBO (POHOBBIX COOBITHH W COOTBETCTBYIOII $ MOTpEll-

HOCTbB.
P CIIpEACICHUE IJId CUTH JIbHBIX COOBITHI OIKCHIB JIOCH Yp BHEHUEM

2
L, (ys) = S exp N
. s) — P} 5
’ V2o, 207,
tie Ng M 0, — KOJIMYECTBO CUIH JIbHBIX COOBITHIA U COOTBETCTBYION s OTPEIL-

HOCTbD.
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AH JOTHYHO BBIYUCIISUIACH ITOCTICAHUE 1B COMHOXHUTEIIS. qJICH, OTBEY IOILIUI
3 YHUCTOTY CUTH J1 , ONPEACIIAICA BbIp XKECHHUEM

2
1 (zp, — Ds)
Ly.(2).) = ——exp _ s P8/
Ps\~Ps e 2 )
27TUPS QUPS
rne ps u Ups — YUCTOT CUIH JI U €€ l'lOr'peIJ_IHOCTL. P Cl‘Ipe):[eJICHI/Ie JJId YUCTOThI
(OH OIpenenanoch K K
2
(2p, — Po)
— Pb
Ly, (Zpb) = \/2— eXp [— 952 )
TOp, Db
e py U 0p, — YHCTOT (DOH U ee IMOrPeliHOCTb. B 9TUX yp BHEHUSIX Yp, Vs,

Zp,» Zp, — COOTBETCTBYIOILME MEepeMeHHble (PYHKIUU TP BAOMOAOOHS; 3H YCHHS
BCEX MOTPEIIHOCTel MpuBeAeHbl B T Oi. 15.

Yro06bl MONYYUTh 3H YeHHE fi, COOTBETCTByIIIee H Omon embim (z, 27 ),
HEOOXOIMMO PEINTh CUCTEMY yp BHEHHI P BIONOZOOMS, MOJIyd eMyI0 MpUp B-
HUB HHMEM HYJIIO 4 CTHBIX IPOM3BOIOHBIX OT (DYHKIMHU TP BIOMOHOOHS MO K XKHOH
nepeMeHHOM. [losydeHH S cucTEM HEIMHEMHBIX yp BHEHUH H JIMTHUYECKH He
P 3pelmM , MOSTOMY TS TPOLEIyPhl MUHUMH3 LK p crpeneneHus (—2log A),
me A = (L(H =SM))/(L(H = XM)), ucnons3os scst pur MINUIT mis K -
KJIOr0 BO3MOXHOIO 3H 4eHus fy w3 uHtepB 1 [—1,2].

Jlns TecTUpoB HHS B NCEBIOIKCIEPUMEHT X HEOOXOmuMO ObLIO CMOIEIMpPO-
B Tb 27 (7 )-31 yeHuss. OHU BHIOUP JIMCH CJTyd HHBIM OOP 30M COIJI CHO P CIIpe-
menenuto Ily ccon Bokpyr cpemuero (Ni) ((N_)). C mu 31 yenus it (Ni) u
(N_) p ccuuthiB such npu (PUKCUpoB HHOM fi. OCT IibHbIE MEpeMeHHbIe (hyHK-
MM Tp BOOMOAOOWS 3 A B JIUCh COINl CHO P CIpemeneHus M [ ycc ciayd iHbIM
00p 30M BOKPYT COOTBETCTBYIOIIMX cpefHHX. IlceBnoskcnepuMeHT ObLT IOBTOPEH
1 MITH p 3, B K XIOM CJIyd € ObUIO IIOJy4eHO 3H YeHHe fl, COOTBETCTBYIOLLIEE
MHUHUMYMY (DYHKIUH 0P BIOIOZOOUS.

IIposepx cm mucmuueckoti eunome3ssi. B K 4ecTBe OCHOBHOW ObUT BHIOp H
THIIOTE3 , YTO H OJIIOI eMbIil t-KB PK siBisercss KB pkoM u3 CM ¢ 3 psgom +2/3
(SM-Mozienb), B K 4YecTBe JIbTEPH TUBHOW — H OJIIOA eMblil {-KB DK SBISETCS
9K30THYECKUM C 3 psitoM —4 /3 (XM-mozens). s CT THCTHKH KpuTepust GbuT
BBIOp H BeMWYMH [, IPU DTOM BEPOATHOCTh IOJYYCHHUS 3H YEHHs 3TOTrO KpH-
Tepus H ubosee OMM3KUM K H OO eMOMY B ®KCIIEPUMEHT JIbHBIX JI HHBIX IIpH
YCIIOBUM BEPHOH OCHOBHOM rumnore3sl Hy p BH

+

fiata

PSM = / f(X|Hp)dX.
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AH JIOTMYHO BEPOSITHOCTH MOJIY4YEHHs 3H YEHUS! CT THCTMKM KpUTepusl H nbosee
OJM3KUM K H OO eMOMy IIpU YCIOBUM BEpHOH JIbTEPH THUBHOW rumnoresbl Hj
OIpe/IeNIIeTCs BbIP XXKEHUEM

+oo
pPxXm = / f(XlHl)dX

data
¥

IIpu cp BHEHUM pgy U Pxm € YPOBHEM 3H UUMOCTH KPUTEpUSl v TUIIOTE3 OT-
BEpr €TCsl, €CIU Psh(xM) < (% B IIPOTHUBHOM CIIY4 € THIIOTE3 IMPHHUM €TCs, IpH
9TOM 1 — v IpUHUM €Tcs 3 YPOBEHb JOCTOBEPHOCTH.

[Ipu mpoBepke CT TUCTUYECKOW THITOTE3bI OBUTH HCIOIB30B HBI U YPOBHS
3H YUMOCTH KPUTEPHUS (g — JUISI OCHOBHOM THIIOTE3bl, (v — ISl JIbTEPH THUBHOM:
ap=1,3-10"2 (2,87-1077) (cr TucTHYecK 5 3H uumocTb 3(5)0) u o = 0,05.
T xuMm 00p 30M, €Clld IPH  H JIU3e BBIACHUTCS, UTO:

Dpsm < 1,3-1072 (2,87-1077), to 1 yposHe 31 unmoctu 3(5)o Gyuer
HOITBEPXKIEHO CYLIECTBOB HHE DK30THYECKOrO {-KB pK ¢ 3 psigom —4/3;

2) psm > 1,3 - 1073, To Heb39 UCKITIOUUTD cymiectBoB Hue t-kKB pk u3 CM;

3) pxm < 5%, TO CyIIECTBOB HUE DK30TUYECKOTO t-KB PK HCKJIIOUEHO C
95%-M ypoBHEM JIOCTOBEPHOCTH.

IIpuHuM S BO BHUM HUE BCE IEPEUUCIIEHHOE, MOXHO cPOPMYJIUPOB Th 4 BO3-
MOXHBIX BBIBOA B 3 BUCHUMOCTH OT Pe3YyJIbT TOB H JIU3 :

1. XM-Mozeib OTKJIOHSIETCS, U B TO Xe BpeMsl SM-MoJesib He OTKJIOHSAETCSl.

2. SM-Mofiesib  OTKJIOHSETCS H YPOBHE 3H YMMOCTH 30 WIH 5o, U B TO
ke Bpemsi XM-Mofiesib He OTKIIOHsieTcs (H OJfof eTcst HOB s (PM3MK 3  Ipeje-
a1 mu CM).

3. He otknongiorcs HU SM-, Hu XM-mogenu (B M TeM THYECKOW CT THU-
CTHKe — OOJI CTh HETIPUHATHS PEIIeHHs).

4. OTKJIOHSIIOTCS 00€ MOIEIIH.

T kXe npu H JuU3€ UCHOJIb30B Jics noaxoa b iiec s mpoBepKu CT TUCTU-
YeCKUX THIOTe3. B 3TOM CiIyd € OLEHUB eTcs BepOsSITHOCTh ocHOBHOU Hy (SM-
Mozenb) u JbTepH THBHOW H; (XM-Mozmenb) TUMOTe3 4yepe3 MHTETPUPOB HUeE
Mo BceM 4 TpoOJEMHBIM IT P METP M, BKIIOY S CHCTEM THYECKHE MOTPEITHOCTH.
3 TeM, MpeArnoa r 4, YTO BEpOSTHOCTh SM-THIOTE3bl p BH BEepOATHOCTH XM-
TUIIOTE3bl, P CCUUTHIB ercs O iecoBckuii ¢ ktop BF.

IMonyyennoe 30 uenue BF ompenensieT, H CKOJbKO MpeanoyTuteabH SM-
runore3 1o cp BHeHuio ¢ XM-runore3oit. P cipexesenue 2 In (BF) 6Gnuskok p c-
npeeieHuIo X2, MoaydyeHHOe YMCIIOBOE 3H yeHue 6 HecoBCKOro ¢ KTop cOOT-
BETCTBYET CIIEAyIollell MK Jie MO CWiIe J0K 3 TeJdbcTB [93]:

0-2: cunm [OOK 3 TEIbCTB HECYLIECTBEHH £, T.e. SM-TUMOoTe3 HEeCyIeCTBEH-
H 110 Cp BHeHuU10 ¢ XM-runoresoii;

2-6: cu1 [OOK 3 TEJNbCTB CYHIECTBEHH s, SM-rumnore3 MpearnoYTUTeNbHEN;
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6-10: cun JHOK 3 TEJNbCTB OYEHb CYILECTBEHH 4, SM-TUIOTE3 H MHOIO
MPEeIIIOYTUTEIbHEH;

>10: cun JOK 3 TeNbCTB peul ioml s, SM-TUnore3 mpuHAT .

Pesynrom mor usmepenus 3 pao t-ke px . JAns H I3 HCHONB30B JIMCh 1 H-
Hoie CDF, u 6p Huble ¢ M pr 2002 r. o ¢esp ab 2010 r., CT TUCTUK COCT -
Bt 5,6 6~ !. Bcero H 6mox nock 815 coGHITHI B JIENTOH-CTPYHHOH MOJE,
nocsie npuMeHenus Kpurtepus 2 < 9 mpu cootHecenun W-6030H c b-cTpyei,

T KXe KpuTepreB oTOOp NpH ONpeAeNeHnd 3 psig b-cTpydw Ui H JU3  OCT -
noce 774 n pet W—b, u3 koroppix 416 nm p ObUM HAEHTU(UIUPOB HBI K K
SM-cobbitust, 358 1 p — k K XM-cobeitusg. KonuuectBo (XM-) SM-cobbiTuii
P CCUMTBIB JIOCh M3 YCIIOBMS, YTO IOJHBIA 3 PSO M PbI JIENTOH—b-CTPYd JOJIXKEH
ObITh OTPUILL TEIbHBIM (TOJIOXUTEIbHBIM). [lOJHBIA 3 psin onpenensercs yp B-
HEHUEM

Qcomb = Q(W) Q(bjet)7

re Q(W) — 3 pag W-6o3on (nenron ); Q(bjet) — 3 psin cOOTBETCTBYIOLIEH
b-ctpyn. P crnipexenenue moiaHoro 3 psi Mok 3 HO H puc. 15.

180:_ [~ ) . Background
160F 5 ‘\—+—I D SM tt events
140 ® Data
~ 120F —+—1, : E -—- XM expected
=] E . !
= 100F Fe=-t .
5 s0F i
I L —
60 F - : g
o H==s *
40
20=_--- -E-l -_:_-| l-_-*-_-
0 ol e
QW) Q(bjet)

Puc. 15. Tlonnblit 3 pang aig W—b-u p (3 pag W-6030H , yMHOXEHHBI H 3H yeHue JetQ)
B JIENTOH-CTPYHHOH MOJIE JUI OXHUI €MbIX CHTH JIbHBIX U (POHOBBIX COOBITHH M 1 HHBIX
CDF. CneB ot Hynds — SM-coObitusi; crip B — XM-coObITHS; IUTPUXOB 5 JIOM H 4
JIMHUSL — OXMJl eMoe p crpejernenue B cyd e XM-mouenu

MuHUMYM p copenesieHus JIor pU(MHUYECKO KpPUBOH Ip BIONOAOOMs
(puc. 16) moctur Jicd npu 3H YEeHUU ]‘1 = 0,83, uto cootBercTBYET psy = 13,4 %
u pxm = 0,014 %. Cnenos TenbHO, Cyld MO 3H YEHHIO PShi, HETb3s UCKIIIOUHMTH
cymecTBoB Hue t-KB pk u3 CM, 10 3H YEeHHI0O px)\ CYIIECTBOB HHE DK30-
TUYECKOIo t-KB PK HCKIO4eHO ¢ 99%-M ypoBHeM pocroBepHocTH. H puc. 17
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Puc. 17. fy-p copenmenenus mis SM- u XM-rumnore3, MONy4eHHbIE W3 TECTUPOB HUA
B IICEBJIO3KCIIEPUMEHT X

[OK 3 HbI fi-p cupegenenus s SM- u XM-runores, MojlydeHHbIe U3 TECTUPO-
B HHS B IICEBIODKCIIEPUMEHT X, CTPENIKOH YK 3 HO H OJIIOJl eMoe 3H YeHHue ﬁr.
ITpu nposepke runoressl MeTooM b iiec 3H yenue O liecoBckoro ¢ Krop Io-
ayawiocs 2 In (BF) = 19,6, ciieioB TeibHO, CHII IOK 3 TEJIbCTB CYLIECTBOB HHS
t-xB pk U3 CM — pemwr 1on1 4, SM-runores HOpUHAT .

T KXe IPOBOAWIICS OTAENBHBIA H JIU3 I BJIEKTPOHOB U MIOOHOB. B T 611. 16
IPUBEJICHbl OXMJI €Mble 3H YEHHUs Ul CHIH JIbHBIX M (DOHOBBIX COOBITHIl, VISt
YUCTOTHI CUTH JI ¥ (QOH OTHENIBHO /IS 2IEeKTPOHOB U MIOOHOB. Bbumn p ccum-
T HBI ﬁ_—p copenenennd g SM- u XM-runotes, NoJgy4yeHHbIe U3 TECTUPOB HUA
B [ICEBJOPKCIIEPUMEHT X JUIS JIEKTPOHOB (puc. 18) u mng mMooHoB (puc. 19); kp c-
HBIM 1BeTOM (/) 0003H 4YeHO p cIIpelieJieHHe, COOTBETCTBYIoIee BepHOH SM-TH-
1oTe3e, YepHbIM (2) — p cHpejereHne, COOTBETCTRYIoIIee BepHoil XM-runorese;
CTPEJIKOi YK 3 HO H OJiof eMoe 3H 4eHHe fﬁlata.

Pe3ynbT THI CT TUCTMYECKOTO H JIM3 IJIS JIEKTPOHOB U MIOOHOB ITPHUBEICHBI
B T Om.17. [na snmekrpono psy = 0,671, mma mrooHoB psy = 0,026, T.e.
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Puc. 18. fi-p cnpenenenus mnsg SM- u XM-runore3 Ui 3JeKTPOHOB, IMOJYYSHHBIE H3
TECTHPOB HHS B TCEBNOdKCIIEpUMEHT X. CTPENKOi YK 3 HO H GO eMoe 3H ueHne foote
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Puc. 19. fi-p cnpenenenus it SM- u XM-runores st MIOOHOB, HMOJIydYeHHbIE U3 TECTH-
POB HHS B TICeBO9KCTIepuMenT X. CTPENKoil YK 3 HO H GJIIoJ eMoe 3H yeHne foote

06 3H yeHwus Bbiie mpuopHOro kpurepus (0,0013), M09TOMY Hellb3s1 HCKIKOYHUTh
cyniecTBoB Hue t-kB pKk 13 CM u U1 3IeKTPOHOB, U IJIs1 MIOOHOB.

T oamy  16. OKupg embple 3H YeHHS Uil CHTH JIBHBIX U (DOHOBBIX COOBITHIA, COOTBET-
CTBYIOII[HE YHCTOTHI /Il 2JIEKTPOHOB H MIOOHOB

IT p metp | DneKkTpoHHI MiooHs!
N 307,8 £ 50,8 | 391,7 £ 66,6
Ny 17,2+ 4,6 16,8 £4,0
Ds 0,56 + 0,01 0,56 £ 0,01
Db 0,50 & 0,02 0,50 & 0,01
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T 6muy  17. Pe3yabT ThI CT THCTHYECKOrO H JU3 /I COOBITHI € JEKTPOH MH U
MIOOH MH

IT p merp OnexTpoHsl | MiOOHHI
Komuyecteo SM-/XM-1t p 206/155 210/203
flata 1,11 0,57
Psm 0,671 0,026
PXM 0,0004 0,007
21n (BF) 20,3 2,7

CooTBeTCTBYOLIME P-3H 4eHus 11 XM-runorte3sl MeHee 5 %, T. €. CyIIecTBO-
B HHE DK30TUYECKOTo {-KB PK HCKIIOY eTcd ¢ 95%-M ypoBHEM JOCTOBEPHOCTH.
H ocHoB HuM 3H 4eHmii 6 iecoBcKOro ¢ KTop B CIIyd € COOBITHI C 3JIEKTpO-
H MU CWJI JOK 3 TeJIbCTB cyHiecTBOB HUA t-KB pk u3 CM — pem rom g, SM-
TUIIOTE3 TIPHHAT ; B CIy4 € COOBITHH C MIOOH MM CWJI JOK 3 TEJIbCTB CYIIE-
cTBOB HMA t-KB pK u3 CM — cyuiectBeHH 5, SM-Tunore3 mpeanodTuTeIbHe.

Ut x, npu u3mepeHuax 3 psan t-kB pk H ocHose 1 HHbIX CDF rumore3
CYLIECTBOB HHs 9K30THYECKOTO KB PK ¢ 3 psigoM (—4/3) mpu COBMECTHOM H -
JM3e BIIEKTPOHHOTO M MIOOHHOTO K H JIOB ObUT OTBEprHYT H 99%-M ypoBHe
JAOCTOBEPHOCTH.

2.4.2. tt- cummempua. B LO-npuGmmkennu KXJI He 0Xul €Tcd, YTO  HHH-
TUIISIIMS B JIGHTHBIX KB PKOB U HTHKB PKOB IIPH PP-B3 MMOIEUCTBHUSIX MPUBOIUT
K MPEMMYLIECTBEHHOMY UCIIYCK HHIO {-KB DK HJIA [-KB PK B NPOTOHHYIO TIONY-
cthepy MO OTHOLICHHIO K UX HCIYCK HHIO B HTUIPOTOHHYK. Ho B ciemyomiem
npubnuxennu, NLO, untepdepenuus mexny 6opHoBckumu LO-1u rp MM MU U
METIIEBBIMU JU TP MM MU WIH M TP MM MM C W3ITyYe€HHEM [JIIOOHOB B H 4 JIbHOM
1 KOHEYHOM COCTOSIHHSIX NPHUBOAUT K M JIOH CHMMETPHHU BIIEpel-H 3 A, KOTOp 4
ornpezensgercs K K

N(Ay > 0) — N(Ay < 0)
N(Ay > 0)+ N(Ay < 0)’

o
AFB -

rge N — KOJHMYecTBO ti-11 p; y — OBICTPOT KB PK WIM HTHKB PK OTHOCH-
TEJILHO H P BJICHUS MPOTOHHOIO Nydyk , Ay = Yy — Yz.

Ionubie Teoperryeckue p cuetsl B NNLO-npuOMuXeHHH 1 JId 3H YeHHe
A%EB = 0,095 £ 0,0067 [94]. H3mepuThb HMHKIIO3MBHOE 3H YEHHE CHMMETPUHU
BIEPEI-H 3 [l IPH P CII Jie tE-1I pbl MOXHO MO0 B AWIENTOHHON Moze (puc. 3, 6),
mbo B JenToH-cTpyiHOU (puc.3, ). M3MepeHus B MONHOCTBIO APOHHOHW Moje
pcna (puc.3,6) H TOB TPOHE OBUTM HEBO3MOXHBI M3-3 TPYIHOCTEH C ompe-
JeJIeHWeM 3 pSIOB KB PKOB, MOPOXI IOMKX cTpyd. M3Mepenus muddepeHn b-
HOTO 3H YEHHS CUMMETPUM K K (DyHKLMH MHB DU HTHOM M CCBHI tf-11 pol 1 Ay
H CDF npoBoauiuchk B JWIENTOHHON Moje p i j ti-it pol. s H nu3  Gbul
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UCTIONIB30B H TOJH 5 ¢T THCTHK 3T 1 Run II, cooTBeTcTBYIONMI S MHTErpP JIBHOM
cetumocti 9,1 $6~! [95]. B xome o6p 60TKHM HEOGXOAUMMO OBLIO IPOBECTH pe-
KOHCTPYKLIMIO KHHEM THKH CHUTH JIbHBIX COOBITHI, HEOOXOAUMBIX UL P CUET H -
6JI01] eMOU CHMMETPHH, M IIPeoOp 30B Th H OJIION €MYIO U3 DKCIIEPUMEHT JIbHBIX
BEJIMYMH CHMMETPHIO B CUMMETPHIO H I1 PTOHHOM YPOBHE, YTO TpeOOB JIO KOp-
PEKIHMI W1 DKCHePUMEHT JIbHBIX 3(pheKTOB. PEKOHCTPYKINS KMHEM THKHU OCJIOXK-
HSUT Cb H JIMYMEM JBYX HEHTPHHO B KOHEYHOM COCTOSIHUHM M HEONHO3H YHOCTBIO B
COOTHECEHHH b-CTpPyH C JIENTOH MU C COOTBETCTBYIOIIUM 3 DSIOM.

Kpumepuu ombop coboimuii, oyenk cuen a1 u ¢on . Kpurepuu oréop co-

ObITHII B JUIENTOHHOW MOZE p CH A COBH 1 JIM C KPUTEPUSIMU, OIMC HHBIMU B
p 3mene 06 U3MepeHuu M cchl t-KB pK (cM. T kxe [96]). Tpebos 5tock H yHune
ABYX TPOTHUBOIOIOXHO 3 PSKEHHBIX JIENTOHOB (DJIEKTPOHOB MIIM MIOOHOB), JIBYX
u Oonee crpyit u £, > 25 I'sB. [Ing MozmenupoB HUS JWISNTOHHOW MOIBI p C-
0 o wucnonb3oB Jicsd redep Top POWHEG [97], juig 1 pTOHHO#M JIPOHU3 LUK —
PYTHIA [39]. B k uecTBe MCTOUYHUKOB (POH P CCM TPHUB JIUCh POXJECHUE /-
0030H WK BUPTY JILHOTO (DOTOH BMecTe co cTpysmu (Z/y*+ crpyun), poxueHue
W-6030H co crpysamu (W4 crpyn), aubozonnsle npoueccet (WW, WZ, ZZ
u Wv), T KXe pchma ti-ml pel, Ipd KOTOPOM omuH W-6030H p CIl J €Tcs
JPOHHO ¥ ONH CTPyd OIIMOOYHO ompefensercs K K jentoH (tt-non-dil). na
OOJIBIIMHCTB  (DOHOBBIX IIPOLECCOB HUCIIOJIB30B JIOCH T KOE€ X€ MOIEIMPOB HUE,
K K I CHIH JIBHBIX, JUI mpouecc W+ cTpyn HCIIOIBb30B JIMCh I HHbIE BKC-
nepuMeHT . [Ipy 3TOM KOJIMYECTBO CHIH JIbHBIX M (DOHOBBIX COOBITHI B H Gope
I HHBIX OLIEHUB JIOCh K K 568440 ¢ 72%-M BKJI IOM OT CUTH JI , IIOTOM B H 6ope
I HHBIX OBUIO HOy4eHO 569 COOBITHIA.

s p 3p GOTKM M IPOBEPKH IPOLEAYPbl U3MEPEHHH B H JIM3€ MCIIOJIbB30-
B JIICh 2 K TErOpuM H OOp CMONEJIMPOB HHBIX [ HHBIX C P 3IMYHBIMH IIPEIIO-
1T eMbiMH 3H deHmsimu Afp. H Gop mepBoil K Teropum comepxk J psii CMo-
JETMPOB HHBIX I OJIOHOB C P MYHBIMH 3H YeHusMH Ay, KoTOpbIE 10MYyY -
JUCh U3 U3MepeHuil nuepeHu JTbHOTO MOMepeyHoro ceyeHus t-kB pk  [98].
B »TuX M3MepeHusX MPEeAron I JIOCh, YTO W3OBITOYHOE 3H YeHHE CHMMETPHU
MOXeT OBbITh CBSI3 HO C JOIOJHHUTEIbHBIM BKII JOM B JIMHEHHBIH YJE€H BEJTMYHHBI
do/dcos 6*, tne 8* — yron Mexuy H Ip BJICHUSIMH P 37eT (-KB PK M MPOTOH-
HOTO My4K B CHCTeMe MOKOos ti-1 ppl. H GOp 1 HHBIX CO 3H YEHMSMH CHM-
metpun 0,1 < AY, < 0,3 GbUT CMOIENMPOB H C UCIONB30B HUEM BECOBBIX KO-
atppunmentos m 61108 POWHEG ¢ 100 BiieHHEeM COOTBETCTBYIOIIUX JIMHEHHBIX
BKJI JIOB K K (pYHKLMiT OT cos@* B nonepeynoe ceuenue. [jisi BTOpoil K Teropuu
UCTIONIb30B JICS PSA OLIEHOYHBIX Mogelneil 3 mpenen Mu CM, HOJydeHHBIX C I10-
mompio redep Top MADGRAPH [99], T KuX K K ¢-K H 1 Z’'-0030H M cCOi
200 I'sB/c? wan s-K H J1 KCHUIIOOH C P 3MYHBIMH CBOHCTB MH.

Pexoncmpykyua tt-n por. CH 4 1 ObUIO HEOOXOIMMO PEKOHCTPYHPOB Th KH-
HEM TUYECKHME CBOWCTB ({-KB DKOB B K JKIOM COOBITHHM IMOCDPEACTBOM OOBEIU-
HEeHUs MPOAYKTOB P CII | B KOHEYHOM COCTOSHMM B JB IIEPBBIX K HIMA T H
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W-6030HBI, 3 TeM B AB K HIUMA T H ¢-KB pKHU. [IJI peKOHCTPYKLHU K HIHU-
a4 ToB H W -6030HbI HEOOXOAUMO OBLIIO COOTHECTH K XJIbI 3 PSXKEHHBIN JICNITOH
¢ gonei Fp, COOTBETCTBYIOICH MMITYJIbCY HEUTPHHO, 3 TEM COOTHECTH PEKOH-
cTpyupoB HHbIH W -6030H ¢ cooTBeTcTBYyIOMICH cTpyeil. T KuM oOp 30M, mepBoit
3 1 4eil peKOHCTPYKLUMH ObLIO BBIOP Th NP BHJIBHO I Py JIENTOH—CTPYs, 100 BHUTbH
B K XJIYI0 I py A0I0 /) U H WTH H WIy4llee pellieHue C TOYKH 3PSHUs KHHEM -
THKM it tE-11 pul. [t pEKOHCTPYKIIMU MMITYJILCOB - M {-KB PKOB IIPUMEHSIICS
JITOPUTM C UCIOIIB30B HUEM (PYHKIMH TP BIOHOTOGHS.

Jlis onpeneneHust 4-UMITylIbCOB ¢1-KB PKOB HEOOXOIUMO ObLIO PELIUTH KUHE-
M THYECKHE yp BHEHWS Ui 4-MMIIYJIbCOB BCEX NMPOILYKTOB P CII [ B CHUTH JIbHBIX
cOOBbITHSIX. JIOMOJHUTENBHO K HMHIWBUAY JIBHBIM H3MEPEHHSIM HMITYJIbCOB 3 psi-
XKEHHBIX JIENITOHOB W CTPYH, T KXe K, B yp BHEHHs] COXP HEHUS HMITYJIbC U
SHEPruM ObLTH BBEJCHBI OTP HUYCHHS H M CCHI t-KB pK U WW-6030H :

MY, = (Bis + E)? = (07 +52)° = My,
MP, = (B + E) = (b + 1) = My,
MHV (Eps + Ey+ By — (b7 + o +1)° = M2,
M? = (Ex + Es+ By’ — (0 + o+ 7)° = M2,

(Pv +15)y = Eos
(pv +p2), =B,

OcCHOBHBIE HJIEU U NIPEAIONOXEHHS 110 PEKOHCTPYKIIUU t-KB PK U4 H JIM3
ObUTH CIIEAYIOLIUMH.

1. TTocKONBbKY X P KTEPHCTHKH 3 PSKEHHBIX JIEHTOHOB OB M3MEPEHBI C BbI-
COKOH TOYHOCTBIO [96], mpenron r J10ch, 4TO UX H OJII0A eMble UMITYJIbChI COOT-
BETCTBYIOT OXKMHJI EMBIM.

2. Ipenmon r J10Ck, YTO JABE CTPYH C H MOOJIBbILEH HOIIEPEYHOI DHEPIrUeii po-
MICXOJIAT OT JIPOHM3 UMM b- M b-KB PKOB, H IIp BIEHHs 9THX CTPYil COBI 1 0T
C H IIp BJIEHUSAMH P 3JIeT HUCXOJHBIX KB PKOB. 3H UY€HMd IOIEPEYHON 3HEPrHU
CTpYH KOPPEKTHPOB JICh T K, YTOOBI CpPEHSsl P 3HUIl B DHEPIUSX MEXIY CTpyei
U COOTBETCTBYIOLIMM b-KB PKOM ObUI P BH HY/JII0, K K ObUIO OINpEIesieHO U3
OLIEHOK i 11 OJIoH , cMonenupoB HHoro renep TopoM POWHEG. Ilpu pekon-
CTPYKLIMU JOIyCK JIMCh (IIYKTY LIMU 3H Y€HUd IOIEPEeYHON DHEPIUU CTPYH OKOJIO
Cpe/IHero 3H YEeHUs B Ipelie]l X OXHUI eMOro p 3pemeHusi. M cchbl b-KB PKOB ObLIH
3 (PUKCHMPOB HbI U P BHBI 4,66 [3B/c2.

3. JIns mp BMIBHOTO COOTHECEHHS b- U b-KB PKOB M HEHTpHHO GBI p 3p 6o-
T H CIHELU JIbHBI JITOPUTM, C MOMOLIBI0 KOTOPOTO MPHUMECh OT HENP BHIBHOIO
COOTHECEHMs CT TUCTUYECKH YMEHBII JI Cb.

4. B KOHEYHOM COCTOSHHM CYILIECTBOB JIO 2 HEHTPHHO, U CyMM HX IOIle-
PEYHbIX MMITYJIbCOB JOJIXH ObUT OBITh p BH [ B K XIOM coObitHd. T K K K

59



HoIepeyYHble KOMIIOHEHTbI U [/ UMesTH OOJIbIINe MOrPEIHOCTH, IIPH PEKOHCTPYK-
UM JOMYCK JIUCh (OIIYKTY WU BEKTOP CYMMBI ONIEPEYHBIX UMITYJILCOB HEUTPUHO
OKOJIO CPEJIHETr0 3H YeHHs B Mpedes X MOTPeurHOCTH.

5.M ccot W-6030H0B cuut nuchk p BHbIME 80,4 I'sB/c?, M cChbl t-KB PKOB —
172,5 TsB/c? [100]. CucreM THYecKue [OTPELIHOCTA B M CC X CYMT JIUCh IIpe-
HeOPEXUTETHHO M JIBIMU.

[pu sTHX NpeamosoXeHusx g K XIOH M pbl JIENTOH—CTPYd uMenoch 10
HEM3BECTHBIX II P METPOB B tf KOHEYHOM COCTOSHHUM: 6 — OT HMIIYJIECOB IBYX
HEUTpUHO, 2 — OT (PIYKTy M 3H YEHUI MOMNEepPEeyHON DHEPIUu CTPyd U 2 — OT
¢iykTy 1Ml KOMIIOHEHT £-. C y4eToM yK 3 HHbIX BBILIE OIp HUYEHHI H M CChI
t-kB pK , W-0030H U monepedHble KOMIIOHEHTHI 9HEPTUU HEUTPUHO [UTA K XKIOTO
COOBITHS MMEIOTCS 2 CHCTEMbI C MHOXKECTBOM pEUICHUH B 4-MEpHOM I p MeTpH-
4ecKoM MpocTp HcTBe. it K XAOW TOYKM BTHX IPOCTP HCTB OBUI IOCTPOEH
B COOTBETCTBUE (DYHKIIMSI [P BIOMOMOOMS, T KX€ IMPEAIoa I JIOCh, YTO CIIEKTPBI
WIS Dz 4, PT,¢F> Mg COOTBETCTBYIOT NpeAck 3 HusaM CM B NLO-npubnuxenun.

KuHeM THYECKHE CBOMCTB K KIOIO tf-COOBITHS X P KTEPHM30B JIUCh YEPE3
(PYHKIIMH MMITy/TbCOB HEHTPHHO M MONEPEdHOi dHepruy bb-KB PKOB, IIPHUYEM ITH
I P METpPhI He SBJISUTUCH HEe3 BUCHMBbIMH. DYHKIUS [P BIOMOAOOMs ObLT  oOmpese-
JIEH CIIEIYIOLIHM 00p 30M:

L (pl/apﬂa ET,IHET,Z)) =

1 1 (Eriet1 — Erp\°
— Ppa) - Plorat) - Plmgs)—— exp —(#) ‘

Ojetl 2 Ojetl
2
1 L (Erjer2 — Epp
X exp |—= | ———— =
Tjet2 2 Tjet2
Lo 2
1 (Ey— Py +Po),
X —exp |—= | ——mM8™ ™=
OF, 2 OF,
Lo 2
1 /By~ + D)y
X —— exp S\ ,
UEy UEy
tie P(pz.i), P(prac), P(my) — byHKIME IUIOTHOCTH BepoOsTHOCTEH Wi K -
KIOr0 1 P METP , TOJyYeHHOrO W3 CMOJEIMPOB HHBIX CUIH JIBHBIX tt-COOBITHIA,
NPOINEMIHMX KPUTEPUU OTOOP ; K7 jet1,2 — 3H YEHMs MONEPEYHBIX KOMIIOHEHT
SHEPIUU CTPYH; Tjet — OXHUA EMBIE P 3PELIECHMs JUIS MONEPEYHON SHEPTUM CTPYH,
OLIEHEHHBIX M3 T€X K& CHUIH JIbHBIX I ONOHOB;, F,, — - U Y-KOMIIOHEHTHI
mMepenHoit £ u o(Eg,) — oxun emoe p 3pewenue wia E, ,. II p merp

(BT jet1,2 — Eq.p5)/ Tjet1,2 ONPENENsN p 3HUILY MEXIY TMIIOTETHYECKOM Honepey-
HOU ®Heprueil b-kB pK U U3MEPEHHOI MOIEPEeYHOM SHEPruel CTPyH | 1 Jjiee 000-
3H 4 Jicd K K 6j,1, 0j,2. Hnsa adpdekTHBHOro BBIOOD M3 MPOCTP HCTB KHUHEM -
TUYECKUX I P METPOB K XIOOU I PbI JenTOH—cTpysd mpumMeHsics Monre-K pro-
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Powheg MC sample Powheg MC sample

Jet 1 paired with ¢*
(Truth: correct pairing)

Jet 1 paired with ¢~
(Truth: correct pairing)

True value

Posterior-probability density
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Jet 1 paired with ¢+
(Truth: correct pairing)
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Jet 1 paired with ¢~
(Truth: correct pairing)

True value True value
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Posterior-probability density
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Puc. 20. IIOTHOCTh BEPOSTHOCTH JUIS I P METPOB 0; (BEpXHss I Heb) U Ay (HUXHIL
I HeJIb) I OJIHOTO CHUTH JIBHOTO cOObITHS. BepTHK JIbHOI CTPENKOM yK 3 HBI IIp BHJIbHbIE
3H YeHus Jld I p METpOB

Mmerox uereii M pkos . Ilpumep i p crpeseneHHs] BEPOSTHOCTH OIHOTO M3
AByX I p MeTpoB 0; U Ay B OZHOM COOBITHM M3 CMOJETHPOB HHOTO CHIH JIb-
Horo m OJIOH mpenct BieH H puc.20: cieB MpuBeAeHbl TP (PUKU I 1p -
BUJIBHO COOTHECEHHOM I PbI JIENTOH—CTPYS, CIIP B — JUIs HENIP BUJIBHOIO COOT-
HECEHMsI.

Bec K X10ii 11 pBl JIENTOH—CTPYs OHpenensics K K

w o Lmax,1,2
1,2 — ’
Lmax,l + Lmax,Q
t1e Lmax,; — 3H YeHHE M KCHM JIBHOTO P BIOMOA0OUS, TMOTy4eHHOe i j-i

I Pbl, CyMM DHbII BeC wi + wo = 1. MugopM 1y, UCIONBL30B BII 4CA B I Jib-
Heilux p cyer X ALy H 1 prOHHOM ypoBHe, ObUI IOJY4eH M3 CYMMBI p C-
npenesieHuii it Ay ABYX I p JIENTOH—CTPYs C BBILIEYK 3 HHBIM CIIOCOOOM B3Be-
mwmB Hug. T Kxe ObUIO OIpeiesieHo, YTO P 3pelleHHe JITOPUTM PEKOHCTPYKLIUH
tt-xB pKoB B p crupenenenun Ay coct suio 0,5.

Acummempua H 1 pmMOHHOM ypoeHe. g BblieeHUs CUMMETPUU H 11 p-
TOHHOM YpOBHe M3 p cupepenenus it Ay Osu1 p 3p 60T H Clend JIbH S Ipo-
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Leayp H OCHOBe MeTon b iiec , B KOTOpOi PUHKUM JINCh BO BHUM HHE KOppe-
JSILUM MEXJly U3MEPEHHBIMU 3H YeHUsIMA Ay M KOTOP $ MO3BOJISUT  ONPEIEIIUTh
00e CUMMETpUM — MHKJIIO3UBHYIO W juddepeHun jbHyo [95]. H 1 proHHom
YPOBHE 3H Y€HHE MHKIIIO3UBHOH CHUMMETPHM BIEped-H 3 [ ONpeensioch K K

Nparton [3] + Nparton [4] - Nparton[l] - Nparton [2]
Nparton [3] + Nparton [4] + Nparton[l] + Nparton [2] ’

tt
App =

1€ Nparton [P] — THIOTETHYECKUI YPOBEHb COOBITHI H I PTOHHOM YPOBHE B P-M
6une, OUHBI 1, 2 COOTBETCTBYIOT OOJI CTH «H 3 JI», 3, 4 — 00N CTH «BOEpem».
I'p wumpr 6unos ¢ 1 o 4 (—oo, —0,5, 0, 0,5, +00) ObUIH BEIOP HBI T K, YTOOBI
MOCJIe PEKOHCTPYKIIUHU B K XKJIOM OuHe ObLIO NPUOINU3UTENILHO OJIUH KOBOE YHCIIO
coObIThil. OXUI eMoe KOJIUYECTBO COOBITHI B 4-M OHMHE I0CjIe PEKOHCTPYKLUH
tt-11 pBI IS ONpPENeNeHHOro H 60p  Nparton [p] ONpenensiocs K K

Nexpli] = > Nyarton [p] - €lp] (Afg) - Slplli] + Noxeli)-

B oroM yp BHeHHH €[p] (AffB) — o(QeKTHBHOCTh H I PTOHHOM YpOBHE
B p-M OMHE C y4eTOM KCeNnT HC JeTeKTop M 3((eKTUBHOCTH OTOOpP COOBITHIA;
S[p][i] — T x H 3bIB eM s «smearing matrix», CHMMETPHYH s M TpPHIL[ , Y4HTbI-
B IOII § P 3pElICHHe NETeKTOp M HCK KCHHMS, BbI3B HHBIC IIPOLENYPOIl PeKOH-
CTPYKLHH t1-KB PKOB; Npkg[i] — OXuI eMblil BKI 1 (DOHOBBIX COOBITHH B i-M
Guxe. COMHOXHUTENb €[p) (AtFtB) Obl1 orieHeH u3 cmonenupos HHoro POWHEG-
reHep TOpoM oI GJIOH C Y4eTOM B3BEIUMB HHMS W ObLT  IIIPOKCUMHPOB H JIH-
neiinoii ynkumeii or Ay, commoxurens S[p|[i] OuUeHMB Jics M3 MCXOAHOTO
POWHEG-1 6s10H ¢ ydeTom HopmupoBku y . S[p|[i] = 1. H Gmron emoe u3 1 H-
P

HBIX 3H YeHHe Nopg[i] cp BHHB JIOCh C OXUA eMBIM Neyp[i] ¢ TOMOLIBIO (PUTHPO-
B Hus ynkimeii x2 ¢ yuetom Koppenauuii Mexy 6un Mu B POWHEG-m 6iiome.
Kpowme Toro, yauTsiB JUCH Cieayionue cooop XKeHus.

1. TTosiHOE YMCIIO CHIH JIBHBIX COOBITHE IpU P BHOMEPHOM P CIIpEAEICHUU
BEPOSITHOCTH H mpoMexyTke [0, 00)

4
Ntot = Z Nparton [p]

p=1

2. 3H YeHHe CHUMMETPHUH BO 2-M, 3-M OHMH X NPH OJHOPOJHOM P CIIpenese-
HHH BEPOSITHOCTH H TpoMexytke [—1, 1]

N'r 11[3]_N'rt 11[2] t
Ain = parto paro = Att Ayl < 0)5 .
Nparton [3] + Nparton [2] FB(| y| )
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3. AH JIOTHYHO CUMMETpHUd B 1-M U 4-M OWH X p BH

Nparton [4] - Nparton [1]
Nparton [4] + Nparton [1]

Aout = = AtFEB(|Ay| > 0,5)

4. lons coObITUIl BO BHYTPEHHHMX OWH X IIPH OXHOPOIHOM P CHpeleIeHUH

BEPOSITHOCTH H npoMexytke [—1,1] p BH

Nparton [2] + Nparton [3]
Ntot

Rin =

C Y4€TOM BCEIo BBIMICU3IIOKEHHOI'O MHKJIIO3UBH 4 CHUMMETpPUS BIOEPEA-H 3 [
onpesensn cb K K
tt
AFB - RinAin + (1 - Rin)A0ut~

I mpoBepKU MpoLEeayphl BbIIETEHHS CHUMMETPHM H I PTOHHOM YPOBHE U Ul
ompezeneHusl morpemHocTeid 0putd mposemeHbl 10 000 rceBIOdKCIEpUMEHTOB.
B pe3ynbr Te He ObUIO BBIIBICHO IOTEHLM JIBHBIX OTKJIOHEHHH B METOHNE, OXH-
I eM 4 IOJH 4 CT TUCTHYECK $ morpemHocts cocT Bun 0,12, morpeurHocTs s
thoHOBBIX cOOBITHIT — 0,06.

Onmumu3s yus u npoeepk Memoo 6bl0eNeHUA CUMMEMPUL H 1 PHIOHHOM
yposHe. Llenpio onTUMU3 UM OBUTO yMEHBILIEHHE 3H YEHHH CT THCTHYECKHX I10-
TPELIHOCTEH W11 CHMMETPUH U (POHOBBIX COOBITHH, T K K K OXHJ JIOCh, 4TO
Apyrue norpeurHoct O6ynyt M JjibiMu. [ToMuMO morpemHocTeil, BO3HUK IOIIUX W3-
3 M JIoro 06beM BBIOOPKH, B MOTPEIIHOCTh OIpEIEIeHHs A%{B H I PTOHHOM
YPOBHE BHOCHT BKJI JI p 3pellieHrue peKOHCTPYKIMU Ay. Y MeToll peKOHCTPYKLUH
C UCTIONIb30B HUEM pEIICHHH, B KOTOPBIX (DYHKIMS NP BIOIONOOWS M KCHM JIBH ,
nuMeercs 2 mpoOJIeMbl: TEpB 51 COCTOUT B TOM, YTO U3H U JIBHO IIPOMCXOIUT OTOOP
COOBITHII C HEBEPHBIM COOTHECEHHEM JIENITOH—CTPYS, ¥ BTOP 9 — JITOPUTM BbI-
6up er coObiThe ¢ H UOOJbIIEH BEPOSITHOCTBIO Yepe3 pelieHue KMHEM THYeCKUX
yp BHEHMi, HO 3TO peIlleHHe OTINY €TCS OT pe JIbHOrO B P MK X IIp BHJIBHOTO
COOTHECEHHd JIENTOH—CTPysd. [l03TOMy p CCUHMTBIB JIOCh BEPOSTHOCTHOE P CIIpe-
AeNeHNne I OBYX BO3MOXHBIX COOTHECEHHH JIENITOH—CTPYS, I JIee BBIYMCIISUINCH
BECOBbIe KOD(P(HUIMEHTH BMECTO BBIOOP pEIIeHHSI ¢ M KCHUM JIbHOH (pyHKUMen
np BIOMOAOOMS. DTO YIydill JioO p 3pellieHre U3MEpPeHUd KOd(PUIMEHT  CHUM-
METpUM, CT THUCTHYECK s MOTPELIHOCTb YMEHbII JI Cb MpHOIU3UTEIbHO H 15 %.

Tt 1 JIbHEHIeH ONTUMM3 UM METO[ H3MEPEeHHUI ObUTH BBEIEHBI IOIOTHU-
TeJIbHbIE KPUTEPUH OTOOP COOBITHI, YTOOB! yMEHBUINTH BECOBbIE KOI((PUIIEHTHI
U1 HeTIp BUJIBHOTO COOTHECEHHS M YBEJIMYMTH UL 1P BWIBHOTO. [1st coOBITHIT
C HEnp BWJIBHBIM COOTHECEHMEM JIENTOH—CTPYs MOCIE PEKOHCTPYKIMY L{-KB PKOB
I0JIy4 JIOCH OOJIBIIOE OTKJIOHEHHUE B IIONEPEYHON DHEPTUM U, K K PE3YJIbT T, O0JIb-
moe 38 4denue |0;|. I OTKIOHEHHS T KHX COOBITHIH HCIIONB30B JI Cb BEIUYUH

0(;) (@(6j) <405 + 6]2-2), KOTOp s ONTHMHM3KMPOB JI Cb B [IPOLIECCE H JIH3 .
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CoObITHSI, B KOTOPBIX 00€ I pBl JIENTOH—CTPYSl OTKJIOHSJIMCh, MCKJIIOY JINCh M3
H Ju3 .

3 pan ctpyu onpexaensics aroputMoMm JetQ [84], ¢ momoIipio KOTOPOTro
T KX MOXHO ObLJIO OIpeeuTh COOBITHS C HENP BUJILHBIM COOTHECEHHEM JIENTOH—
crpyd. g x xkmoro cobbitis onpefensicd 3H K AQ = Qjet1 — Qjet2; HOTOXKHU-
TENBHBIA 3H K A() MOK 3bIB JI, YTO TIepB § CTPys IPOMCXOIMT OT b-KB PK ,
BTOp S — OT b-KB DK , OTpHULl TenbHbIi — H o6opot. Ciyd i AQ) = 0 0603H -
9 JI, 4YTO JITOPUTM HE MOXKET OINpPEeIeHTh KB PK, OT KOTOPOrO IMPOUCXOIUT CTPYH.
Il nee BBOIMI Cb w¢, OOO3H U IOLI S BEPOSTHOCTD, YTO 3 DSII CTPYH YK 3BIB €T
H TP BWIBHOE COOTHECEHHUE JIENTOH—CTPYs. BenmuunH Ly,ax KOPPEKTHPOB J Cb:
ecny Bemm4uH  A() HOATBEPXKI JI COOTHECEHHE — H  Liyax - WqQ, €CIH HeT —
H Lmax . (1 — wQ).

Tperuii I r ONTUMHU3 MU COCTOST B MCKJIIOUEHMH W3 H JIM3 COOBITHH C
GOJIBIIMM 3H YEHHEM N7, KOTOPbIE HE MOTYT IPOMCXOMMTh OT p €I A {-KB PK ,
T KK K93T BEJIMYUH SBJISIETCS MHB PU HTOM CHUCTEMBI JIeNTOH—b-KB pK. COOBbITHS
OTKJIOHSUTMCH TIPH yCIIOBHHM 7y, > O(m3). W, H KOHel, OTKJIOHSIIUCH COOBITHS,
He IpolIedne KpUTeprii 000COOJIEHHOCTH JIENTOH . DTO TpebOB HHE IOIp -
3yMeB JIO UCHOJIB30B HUe MHHUMYM p auyc AR = /(An)? + (Ad)? mexny
T0OBIM JTenTOHOM U 11060 ctpyeil — ARpyin(l,5) > O(ARpin). D10 TpeGoB -
HHE I103BOJISIO YMEHBIIHUTH KOJIUUeCTBO (POHOBBIX coObiTHii W+ cTpyn 6e3 cyiie-
CTBEHHOTO YMEHBIIEHUs KOJIUYECTB XOPOLIO PEKOHCTPYUPOB HHBIX ti-COOBITHIA.
OnTuMm JbHBIE 3H YeHUd Ul BCEX I P METPOB © U w¢Q NOMYYUIHCH CIENYIOLIME:
0(d;) = 3,5, wg = 0,7, O(m}) = 24000 I'vB?/c*, O(ARmin) = 0,2.

[Mocne ontumu3 uu  Jiroput™M  p 3petnenue it Ay coct Buio 0,5, adpek-
TUBHOCTb PEKOHCTPYKLUH t-KB pK — 95 %, on ymensummwica H 40 %. Crt TH-
CTHYECK S MOTPEITHOCTh I CUTH JIbHBIX coObITHH cocT B 0,106, mid coObi-
TUI curd 1+ ¢oH — 0,114, MoIH 4 CT TUCTUYECK £ MOTPEIIHOCTh YIYYLIMI Cb
H 7 %. i usMepenuid 30 yenuid JudepeHnn JIbHOKH CUMMETPHH IOJH S CT -
THCTHYECK s morpemHocts coct st 0,34 wis Alp (|Ay| < 0,5) u 0,16 s
Alls (18] > 0.5).

IIpoBepk MeTonm IIOK 3 JI XOpOILIEEe COINT CHE MEXIy OXHA eMbIMH W H -
6o emMbiMu T p MeTp MH (T 611.18). B p ccMoTpeHHe MPHHUM JIHCh COOBITHS,
MpOLIEANINe BCe KPUTEPUH OTOOP U JOIOJHMUTEIbHBIE TPEOOB HUS, BHIIBUHYTHIC
B IIPOLECCE PEKOHCTPYKIMH t{-KB PKOB. YK 3 HHBIE MOTPEINHOCTH P CCUMTBIB -
JIUCh K K CYMM KB JIp TOB CHUCTEM THYECKHMX M CT TUCTHYECKUX MOIPEIIHOCTEMH.
3H yeHHe CUMMETpPUH AthB BBIIEIISUIOCh M3 P CIIPEleNIeHHe Ul PeKOHCTPYHpPO-
B HHOrO 11 p MeTp Ay (puc.21).

Mpouenyp ouenku Al Obul  HpoBepeH H  B3BELIEHHOM I OJIOHE
POWHEG, xotopsiii comepx 1 70 000 cMomenmupoB HHBIX COOBITHI, NpoIles-
mMX Bce Kpurepuu otoop . OTKIIOHeHUi 00H pyxeHo He ObL10. [JoroMHUTENbHO
npouenyp Obul mporectupoB H B p MK X CM (LO-npubiuxenue) H cMmome-
mupoB HHbIX J HHbIX reHep TopoB PYTHIA, ALGEN, HERWIG, 3 npexmen mu

64



T 6aun 18. Oxux emoe M H 0101 €MOe KOJTHYECTBO COOBITHI I K 2KI0r0 HCTOYHHK

¢doH u curH 1

HcTtounuk KosnuecTBo cOObITHI
IIn6030HHBIE COOBITHS 265
Z/~*+ crpyn 37+4
W+ crpyn 28+9
tt-non-dil 534+0,3
Ionuenii doH 96 £ 18
CurH sbHbIE cOObITHS (00 = 7,4 110) 386 + 18
Oxun emoe B p MK X CM 482 + 36
H Gmon emoe 495

F T T T T T T T T T T T 3
- y Y -
w 100 - % N
o - . g
3 L % # -
g 2 i
G S0 -
- m m ] 4
i o ]
0
-2 0 Ay 2

Puc. 22. P cnpenenenne st Ay: xpectuk — 1 HHble CDF; cunmii (1) — ¢oHoBble cOOBI-
THS; Op HXEBblil (2) — CHUIH J1 OT pEKOHCTPYKUMH tt-KB PKOB (00 = 7,4 116); LUTPUXOB HH S
00JI CTh — CHCTEM THYECKHUE NOrpemHOCTH

CM wucnonp308 JICd psill OLEHOYHBIX MOJIEINEH, IOJIyYEHHBIX C MOMOIIBIO TEHED -
top MADGRAPH. M KcuM JIbHOE OTKJIOHEHHE OLeHKH cummerpun Al ot ee
UCTUHHOIO 3H ueHusd coct Buio 0,08.

Cucmem muueckue nozpewtHocmu. JJOIOIHUTENBHO K YK 3 HHBIM BBILIE HC-
TOYHUK M, CBSI3 HHBIM C (DOHOBBIMU IIPOLIECC MU, OBIIM P CCMOTPEHBI APYrUe UcC-
TOYHUKH CUCTEM THUYECKHUX rnorpeutHocteid. [Ipu peKoHCTpyKuuK ¢-KB PKOB ObLIH
UCIIONIBb30B HBI (PyHKIMsI mp BaornonoOus H ocHoBe NLO-npubnuxenus CM u
POWHEG-m 6510H [y1s1 onpenesicHus OTKIMK JETeKTOp , MOSTOMY HEeoOXOIauMo
ObLIO OLIEHUTH MOTEHLH JbHOE BO3MOXHOE HX BIMSHME H Ppe3YJbT Thl PEKOH-
CTPYKLIMU. BhIIO ompeneneHo, 4To p 3HUL B KUHEM THKE IPH YCIOBUM HUCIONb-
308 Hus LO- n NLO-nmpubmmkenunii 6onbine, yeM Ipu ucnons3oB HUM NLO-
HpUOJIMKEHNUS! U KUHEM THUKU BBICOKMX MOPSAKOB. BO BHMM HHUE NPHHHUM JIKCh
T KXXe I PTOHHBIE JIUBHH, TIIOOHHOE HU3JTy4eHUe B H 4 JIBHOM M KOHEYHOM COCTO-
SAHUSX, WK JI HEPIUU CTPYH, (DyHKLUU p CIpEIeseHus I PTOHOB U ap. Pesyib-
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T Tl BIMSIHUS YK 3 HHBIX MCTOYHHMKOB ITOTPEINHOCTEH H WHKIIIO3MBHYIO CHM-

metpuio, T kxe H AWy B 3 Bucumoct or Ay yk 3 Hel B T O1.19. TlonH s

MOTPenTHOCTh cocT BT MeHee 20 % 11 WHKITIO3UBHOW CHUMMETPHUH A%B u I
123

App mpn Ay < 0,5.

T omun 19. IlorpemHocTd AJIs M3MepeHUI HHKIIO3UBHOI CHMMETPHH

WCTOYHUK TOrpeIHOCTH Aty | Al (JAy < 0,5]) | A (|Ay > 0,5))
CT THCTHYECK 4 MOTPELIHOCTD 0,11 0,33 0,13
DoHOBbBIE COOBITHS 0,04 0,13 0,06
I1 proHHble TMBHU 0,03 0,07 0,06
OOMeH 1BETOM 0,03 0,12 0,06
INmoonnoe usnydeHue B H 4 Jib-
HOM U KOHEYHOM COCTOSHUSIX 0,03 0,05 0,03
Ik n sHepruu crpyi 0,02 0,02 0,02
[Ipeanonoxenus
NLO-npubnuxenust 0,02 0,06 0,02
DYHKLUUA P CIPEAesIeHHs
I PTOHOB 0,01 0,01 0,01
IMonH s cucTeM THYECK S
HOIPELIHOCTh 0,07 0,20 0,11
[TonH ¢ morpeuHocTb 0,13 0,39 0,17

Pe3lebm mol OUAenmoHHo20 H Ju3 . MeTom BbIIEICHUS CUMMETPpUU H
II PTOHHOM YPOBHE OBl IIPUMEHEH K OKCICPUMEHT JIbHBIM [ HHBIM P CII I
t-KB PKOB I10 munentoHHon mogae. C Y4€TOM BCEX YK 3 HHBIX BbIIIC HOI‘pCLHHOCTCfI
HUHKJTIO3UBH 4 CHUMMETpHA H II PTOHHOM YPOBHE OK 3 JIOCH P BHOM

Al = 0,12 +0,11(cr 1.) £ 0,07(cucr.) = 0,12 + 0,12.

DTOT pe3yabT T COIN cyeTcs ¢ Ooiee p HHUMH HM3MEPEHHUSIMH, INPOBEAECHHBIMU
H T9B TpoHe, U ¢ npenck 3 HusMu CM B p Mk x NLO- u NNLO-npubsimxe-
Huii [101, 34] (puc.23). T xxe ObUT HM3MEpPEH  CHMMETpHsSl I P 3JIMYHBIX
npenenoB Ay:

AtFZB (JAy < 0,5]) = 0,12 £ 0,33(cr T.) &+ 0,20(cucr.) = 0,12 + 0,39,
AtFEB (JAy > 0,5]) = 0,13 +0,13(cr 1.) = 0,11(cucr.) = 0,13 £ 0,17.
DTU pe3ynpT Tl COINI CYIOTCS C NPEACK 3 HusAMH, nonydeHHsiMu u3 POWHEG-
m 6aon : 0,017 40,001 u 0,081 £ 0,001 cooTBeTCTBEHHO.
T xxke Obul ompenened H kioH Ay orHocurensHo |Ay|, ¢ yderom Beex

norpentHocTed oH ok 3 Jicd p BHBIM o = 0,14+0,15. DTOT pe3ysbT T cOm1 cyercs
c npeack 3 Huamu CM: o = 0,114f818(1)g [102].
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Tevatron tt asymmetry

Ay asymmetry (A?B)

CDF Lepton + jets (9.4 fb~1)
PRD 87, 092002 (2013)
CDF Dilepton (9.1 fb1)
This work

DO Lepton + jets (9.7 fb™1)
PRD 90, 072011 (2014)

DO Dileptons (9.7 fb1)
PRD 92, 052007 (2015)

164 +4.7

12 £ 13

10.6 3.0

175 £6.3
gy asymmetry (Af,)

CDF Lepton + jets (9.4 fb~1) —-— 94 +
PRD 88, 072003 (2013)
CDF Dileptons (9.1 ﬂ)fl) —1 o— 72+ 6.0
PRL 113, 042001 (2014)
DO Lepton + jets (9.7 fb 1)
PRD 90, 072001 (2014)
DO Dileptons (9.7 fb1)
PRD 88, 112002 (2013) P 44+3.9

W
oo

3.4
KR 5.0+34

o
An asymmetry (Apg)

CDF Dileptons (9.1 fb1)

PRL 113, 042001 (2014) 7.6 + 8.2
DO Dileptons (9.7 fb1)

PRD 88, 112002 (2013) —— 123456

- NLO SM, W.Bernreuther and Z.-G. Si
PRD 86, 034026 (2012)

NNLO SM, M. Czakon, P.Fiedler and A. Mitov

PRL 115, 052001 (2015)

! 1

=20 0 20 40
Asymmetry, %

Puc. 23. Cp BHeHue Bcex pe3ynbT TOB I MHKJIIO3MBHOH CHMMETpUM BIEpel-H 3 I, I0-
JIyYEHHBIX H T®B TpOHE U ¢ ydeToM npeack 3 Huid CM B p MK x NLO- u NNLO-npu6mm-
KEHUH

Kombunupoe HHoulll H U3 04 UIMEPEHUL UHKIIO3USHOU U Ougppeperyu mo-
HOl  cummempuu. Pe3ynpT Thl 11 JWJISNTOHHOTO H JHU3 ObUTM OOBEIUHEHBI C
P Hee IIOJYYEHHBIMU pE3ylbT T MM U3MEPEHUH CUMMETPUM B JIENTOH-CTPYHHOU
Mmoze p e o t¢-kB pk [103]. MHKIIO3MBH S cUMMeETpHs JUIS TO MOAbI ObLI
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p B Al = 0,164 £ 0,039(ct 1.) £ 0,026(cuct.), yron Al orHocurensHo
|Ay| — a = 0,253 £ 0,062. TlosHOe OMMC HHE KOPPEISLUii MEXIY CT THCTH-
YECKUMM M CHCTEM THUYECKUMH MOTPELIHOCTIMH 1jIi KOMOMHUPOB HHOIO H JIU3
MOXHO H UTH B [96], B T 6i1.20 mpuBeaeHbl HEKOTOpPhIE M3 HUX.

T omuan 20. [TorpemHocTH Ui W3MePeHMIT MHKIIO3UBHOM 1 quddepeHnH JbHOH CHM-
METPHUH B JIENTOH-CTPYHHON M TWIENTOHHOM MO X P ¢l A t-KB PK

Jlenron-
u . JIAIenToHH S K
CTOYHHUK TOTPEHIHOCTH cTpyiin 4 oppensauust
MOI P cl I
MOJT

O] 0,018

opM (oH , 0.04 0
Hopm nu3 uusg ¢on 0,013
I1 pronHble 1uBHU 0,01 0,03 1
IIIx n sHepruu crpyi 0,007 0,02 1
I'miooHHOE M3MyveHune B H 4 Jib-
HOM U KOHEYHOM COCTOSTHUSIX 0,005 0,03 1
[Ipouenyp ontumus nuu/
NLO-npubnuxenue 0,004 0,02 0
OOGOMeH 1IBETOM 0,001 0,03
OyHKUUS p CIIpeaeneHns
I PTOHOB 0,001 0,01 1
[lonn 4 cucrem THYecK
MOTPEIIHOCTh 0,026 0,07 0
CT THCTHYECK 4 MOTPEUIHOCTb 0,039 0,11
[TonH 4 morpeurHocTb 0,047 0,13

OO0 wn3MepeHHs NPOBOAMWIIMCH H CT THCTHYECKH HE3 BUCHMBIX BBIOODK X, IO-
®TOMY CT THCTHYECKME NOTPEIIHOCTH B HUX He3 BUCHMBL. T KXe B U3MEpeHMsIX
ObUT M J1 51 osisl (DOHOBBIX COOBITHIT W+ CTpyH, MODTOMY CUCTEM THYECKHE I10-
IPELIHOCTH, IIPOUCXOSIIUE OT (POHOBBIX IPOLECCOB, B OCHOBHOM CBSI3 HBI C I10-
IPEIIHOCTMH B OIpeneneHud hopMbl p crpenesieHuid Ay, KOTOpble He CBs3 Hbl
1 1ByX uaMepenuii. [Ipouenyp KOppeKuuu BbIEICHUS CHMMETPUH H 11 PTOH-
HOM YpPOBHE P 3JIMYH , TI03TOMY BHOCHMbIE UMHU IIOTPEIIHOCTU T KXK€ HE3 BUCHMBI.
DpdexTbl, BHOCUMBIE HNOIPEHIHOCTIMH OT MOIEIM II PTOHHBIX JIMBHEH, LUK JIbI
DHEPruu CTPYH, DJIIOOHHOTO W3JIYyYeHUS B H 4 JIbBHOM M KOHEYHOM COCTOSIHHSIX,
MOJIEJIH LIBETOBOrO OOMEH U (PYHKIMH P CIIpeiesieHHs] I PTOHOB, OINPEAeIISUINCh
OIMH KOBBIM 00p 30M, ITOTOMY 3TH HOTPEHIHOCTH ITOITHOCTBIO KOPPEIUPOB HBI.

C yyeToM BCex MOrpeIHOCTeN U KOPpeJsALMil OKOHY TEbHOE 3H YeHHe Ul
KOMOMHHPOB HHOTO H JIM3 IOJYYUIIOCH A%B = 0,160 +£ 0,045, 9yto H xoAMUTCS
B cort cuu ¢ npenack 3 HusMu CM B p Mk x NNLO-npubmikenns 0,095 £ 0,007
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B npexen X 1,50. W3 TuHEHHOro (hMTUPOB HMA AtFEB K K (pyskuuu ot |Ay| 6su10
nosty4eHo 34 venne H Ko Alp orHocurensHo |Ay|—a = 0,227 +0,057, uro B
npenen x 2o Boiiie, yeM npeack 3 Husg CM B p Mk x NNLO-npubmxenus [102].

DTo 0KOHY TenbHble pe3yiasT Tl juid CDF.

3. IOUCKH BO30HA XUITCA HA TDBATPOHE

Iownck 6030 Xwurrc , orBeu tomero B CM 3 00p 30B HHE M cC 3JIeMeH-
T PHBIX Y CTHII, BCern ObUT OOQHON U3 OCHOBHBIX 3 I U DKCIEPUMEHTOB, MPOBO-
IUMBIX H T3®B TpoHe. JJo ®TOro HUXHUH mpenel H M ccy 0030H Xurrc Obul
YCT HOBJIEH B ®KCNEpMMEHT X H Ko iinepe LEP B IIEPH — 114,4 I'sB/c?
(95% CL) [104]. H T3B TpoHe ObUTM HCKJIIOUEHBI 3H YEHUSI M CC B JU IT 30H X
90-109 I'sB/c? n 149-182 I'sB/c?. B 2011 r. 1 LHC sKCnepuMeHT JIbHO MOK -
3 HO, 4TO M cc 0030H XWUITC CKOpee BCEro H XOAUTCI B mpenenl X oT 116 mo
127 I'sB/c?. B 2012 r. B akcniepument x CDF u DO 0 T3B TpoHe GbLI IIPOH3Be-
JIeH HOBBII MOMCK B UHTEpB Jjie M cc ot 100 go 150 I'sB/c?. Curn TYpOU SIBJISITOCH
H JIMYUe B KOHEYHOM COCTOSIHUH 3 PSIXKEHHBIX JICITOHOB M/WIM HEAOCT IOIEel mo-
HIepevyHoii dHepruu ot p ci j1oB W- u Z-6030H0B U JPOHHBIX CTPYH OT P CII JIOB
b- 1 b-KB PKOB.

[Toucku MoK 3 JIM, YTO OCHOBH $1 JOJIsi M30BITK COOBITHIA 10 Cp BHEHHIO C
OXul eMbiM (hoHOM H xoautcss B uHTepB je 120—135 I'sB/c? co 3H 4MMOCTBIO
3,10, 4TO UHTEPHPETHPOB JIOCh K K YK 3 HHE H OOp 30B HHE HOBOW Y CTHIIBHI,
pPOXn fomieiicas ccomu THBHO ¢ W- U Z-6030H MH U p CI [ IOIIEHCI H T py
bb-KB PKOB, X P KTEPHCTHKH KOTOPOii COBII I I0T C OXII €MBIMH I GO30H
Xwurrce . B akcnepumentre ATLAS v LHC 1 ke H Oniog JIOCh 3H YHUTENIbHOE
npesbilieHre coObITHI H 1 (oHOM B uHTEpB Je M cc 122—131 I'sB/c? co 3u -
ynmoctbio 5,90 [105]. B pesynsr Te 4 mions 2012 r. ¢uszuku LUEPH oGbsiBuiu
06 OTKpbITHM 6030H XHUITC M ccoil B p ioHe 125—126 I'sB/c?, mo yroumen-
HeIM K 2015 r. 1 HHBIM — M ccoii 125,9 & 0,24 I'sB/c?. Heob6xogumo oTme-
TUTh, YTO DKCIIEPHUMEHTHI H T3B TPOHE OBLIM YyBCTBUTETBHBI MpEXIe BCEro K
penawm H — bb, okcepumentsl n LHC — k penam H — vy, ZZ*,
WW* [105, 106], T.e. axcniepuMenTsl H T3B Tpone U1 LHC B ompeneneHHoit
CTeTIeHH JOTIONHSIOT JIPYT IPYT .

Cmp meeua nouck , kpumepuu omoop cobvimuii, 2eHep mopwl 014 Monme-
K pno-mooenupos nus. W3mepenus M ccbl 60300 Xurrc (H-0030H ) H TOB -
TpoHe GBITH MPOBEIEHB H OCHOBE MOMHOM cT THCTHKH 10 6! a1 m Run II
B okcnepument x CDF u DO mpu /s = 1,96 ToB mist crieayiomux Mojx p c-
na: H— b, H—- WW* H — ZZ, H — vy, H — 757, Tlpenn-
Jlylllie M3MepeHns H ToB TpOoHe ObumM choKycHpoB HBI H Mog X H — bb u
H — WW* [107,108]. B n npHeiiimem, eciu 3TO He OrOBOPEHO CHElH JIbHO,
HPEICT BJICHBI PE3YyJIbT Thl, OCHOB HHbIE H KOMOWHHPOB HHOM H JIM3€ dKCIEepH-
merTroB CDF u DO [109, 110].
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B 061 cru Hu3kux M cc 6030 Xurrc (90—120 I'sB/c?) ocHOBHBIE ycuus
ObUIM H TP BJIGHBI H IOUCK CcolM TUBHOrO poxjenuss W- u Z-6030H0OB BMecTe
¢ H-6030HOM C IMOC/EAYOIIUMU JCIITOHHBIMEA P cil g Mu W u Z BMecTe € p C-
n gom H — bb. B 061 ctu Gonee Boicokux M cc (130—185 I'sB/c?) — n  nouck
[ITIOOH-IVTIOOHHOTO cnusnud (g9 — H) ¢ nocnenyrommmu p cn 1 Mu H-6030H
mo x Huy H — WW?* u W-6030H0B — 1O JIeNTOHHOMY K H ny. I M CCHI
mpy ~ 125 TeB/c? 06 p cn g Gozom Xurre (H — bb, H — WW*) mok -
3 JIM XOpOILUYI0 YyBCTBUTEIBHOCTh. Mg ee ynydlleHus, T KXe M MOAENIbHO-
He3 BHCHUMBIX MCCJIEJIOB HHii ObUTM P CCMOTPEHBI U Jpyrue Mousl p ci 1 H, yk -
3 HHBIE BBILLE.

s  OCHOBHBIX JBYX K HIJIOB pcnpa H-603oH (061 cTh M cc
110—160 T'sB/c?) oxun nock okono 1000 cHUrH IBbHBIX COOBITHIA Uil TIONHOTO
H 60p 1 HHbIX. OTOGOp M UIAEHTU(UK LMs COOBITHI-K HAWI TOB IPEACT BIISIN
c000ii c10kHYI0 3 1 uy. CTp Terus MOMCK BKJIIOY J1 B ceOsi: OTOOP CUTH JIBHBIX
COOBITHII C COXp HEHHEM M KCUM JIbHO BO3MOXHOIO KCENT HC , KJI CCU(HK -
L0 COOBITUI B OTHEJIbHBIE K TETOPUHM B 3 BUCHUMOCTH OT 3H YEHMS! OTHOLICHHS
CUrH N1—(pOH, NMPOBEPKY HpeicK 3 HUM s (POHOBBIX COOBITHH, IUI K XIOH K -
TErOpUM CHIH JIbHBIX COOBITHII BHIOOp OLIEHOYHOH NepeMeHHOH (K K Ip BHUIIO,
UCTIOJIB30B JIC MHOTOMepHbIN JiroputM MVA [111]), 1 H KOHel, TeCT TMIIOTe3bl
1 KOMOMH 1IMU M3 BCeX K TEropuil COOBITHH C yYETOM Orp HUYEHHWHd H OCHOB-
HBIE CHCTEM THYECKHE OIINOKH.

[Ipens purenbHBII OTOOP OCHOBBIB JICS H TOIMOJIOTUM U KHHEM THKE K KIOTO
coObITus. MVA- ITOPUTM HCTIONB30B JICS 11 OOBEIMHEHNS! OTAETbHBIX OLEHOY-
HBIX TIEPEMEHHBIX B OIMH AUCKPHMHUH HT, KOTOPBIN UCIIONB30B JICA IS CT TUCTHU-
yeckoro H Jin3 . K xJplit K H J1 p 30MB Jicd H MOIK H JIbl COIVI CHO H JINYHUIO
P 3MYHBIX JIEONTOHOB, MHOXECTBEHHOCTH CTpYH, Kpurepusm b-meuenus. T K 4
npoueayp IO3BOST , H HNpuMep, d(M(EKTUBHO HCIMOIb30B Th MH(OPM LU0 O
IUIOXO PEKOHCTPYMPOB HHBIX JIENTOH X WIM YMEHBIIUTh BO3JIEHCTBHE CHCTEM -
TUYECKUX norpemHocTeil. MVA- JIropuT™ UCHONB30B JICA OTAENBHO IS K XKIOr0
3H YeHus! M ccbl H-0030H B COOTBETCTBYIOIIEM HHTEPB Jie M CC I K XKIOro
K HJ ¢ rom 5 I'eB/c?.

Ipu u mmu3e K H 1 H — bb 04eHb B XHBI P BUIBHOCTh b-MeUeHHS H P 3-
pelieHre U3MepeHusl MHB P HTHOM M cchl ABYX b-cTpyil. B komn 6op mum CDF

JITOpUTM b-MedeHusi, OCHOB HHbIK H MVA- nroputMe W 3 BUCHUMOCTU OT BbI-
6op p Goueii Touku, obecrieuns 1 50—70%-10 >PHEKTUBHOCTh UASHTUDUK LUK
CTpyH IpU OIIMOKE B MISHTU(HK LUK CTPYH OT JIETKUX KB PKOB W IJIIOOHOB H
yposae 0,5—6 %. B xomn 6op unn DO — 80 u 10 % cootBeTcTBeHHO. P cuetH 5
mmpuH p cn g H-6030H 13 CM MHOro MeHblile, 4YeM 3KCIIEPUMEHT JIBHOE P 3-
pelieHre MHB P HTHOM M CCHI JIBYX CTpPYH, KOTOpoe OOBIMHO cocT BisieT 15 %
OT CpejiHeil peKOHCTPYHPOB HHO# M cchbl. [losTomy curd i1 ot H-6030H u3 CM
P ccM TpHB Jics Obl K K CYLIECTBEHHOE p CIIMPEHHE P CIIPEAeNeHHs] BOCCT HO-
BJICHHOW WHB PU HTHOH M cchl ABYX b-cTpyil. OGe Koma Gop LM HCCIIENOoB JIH
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K H11 H — bb BMecTe ¢ NOCIEIYIONIMH JIENTOHHBIME p ¢l 4 Mu W- u Z-
6030H0B. Kpome Toro, kot 60p uust CDF OMoHUTENbHO MPOBENl  H JIU3 UIs
p CII JIOB, I[e OAWH U3 ¢-KB PKOB p cil 1o ercd B W-0030H, KOTOpBIHA, B CBOIO
ouepens, p cn 1 ercs nentonno (WH + ZH — jjbb u ttH — ttbb).

B npouecce H i3 k H a1 H — WW™ npu x npHeleM JIENTOHHOM P C-
1 ge W-6030H0B 06e Koyt 60p MU OTOUP JIM COOBITHS COIT CHO IPUCYTCTBHIO B
HUX OOJBIIOTO 3H YEHHUS HENOCT IOUIEH MOMepevHOl PHEPTHU U JIBYX IMPOTUBOIO-
JIOXKHO 3 PSKEHHBIX M30JIMPOB HHBIX JIENTOHOB. H jiMuMe HEHTPUHO B KOHEYHOM
COCTOSIHMM MeIll JIO PEKOHCTPYKLUH M ccbl H-0030H , Jpyrue H OJIoj eMble uc-
II0JIB30B JIUCH JUISl OTAENIEHHS! CUTH JIBHBIX COOBITHIA OT hoHOBBIX. Koy 6op 1ms
DO T xxe mpoBen H JM3 YK 3 HHOTOK H JI , Korn ojxuH W-6030H p cn 1 ercd
JIENTOHHO, Jpyroii — aponHo. [lonHelii civcok uccnenoB HHbIX H CDF K H -
JIOB IpuBeleH B T O/1.21, T M Xe MOXHO H HTU CBeIEHHUS, H K KOW CT THCTHUKE
IPOBENEH 1 HHBIA H JIM3, JM I 30H VIl M cChl H-0030H M CCBUIKH, IJe MOXHO
H WTH NOAPOOGHOE ONUC HHE H JIU3 JI HHBIX K H JIOB.

T omun 21. I Heble 114 uccnenos HHbIX H CDF K H 0B p cn 1 H-0030H

Kunapenn CBSTI/U\E(;CTL, In n 30H2mH, CebUIK
b6 IB/c

WH — lubb )
(2-cTpyiiHblii K H J1) H — bb 9,45 90—150 [112]
WH — lubb )
(3-cTpyiiHbIi K H JT) H — bb 9,45 90—150 [112]
ZH — vibb H — bb 9,45 90—150 [113]
ZH — IT17bb B
(2-cTpyiiHbIil K H J1) H — bb 9,45 90—150 [114]
ZH — 117 bb )
(3-cTpyiiHbIi K H JT) H — bb 9,45 90—150 [114]
WH + ZH — jjbb H — bb 9,45 100—150 [115]
ttH — WbW ~bbb B
(4, 51 > 6 crpyii) H—bb 9,45 100—150 [116]
H-WTWw- H-WTWw- 9,7 110—200 [117]
WH - WWT W™ H-WTW~ 9,7 110—200 [117]
ZH — ZW W~
(3 nenToH , H-WTWw- 9,7 110—200 [117]
1 umu > 2 crpyit)
H— 71t~ H—71mr" 6,0 100—150 [118]
(1, > 2 cTpymn)
H — vy H — vy 10,0 100—150 [119]
H — ZZ (4 neutoH ) H—ZZ 9,7 120—200 [120]
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HonpobHyo uHGpOpPM M0 00 HCIOIB30B HHBIX I MOICTHUPOB HUS TeHe-
P TOp X, T KXe€ O TEOpeTHYEeCKMX MOjeNnsix MoxHo H utu B [121,122], 1 -
siee OymyT yK 3 HbI TOJBKO C Mble OCHOBHBIE I'€HEp TOPbI U NpuOImxeHus. s
MOJIC/TUPOB HUSI IPOIECCOB POXJeHHs H-0030H HCIOJIb30B JIUCh T'€HEP TOPHI
PYTHIA [39] ¢ CTEQSL [56], nocnenHuii, B CBOIO O4Yepedb, UCIOIB30B JICH ISt
MOJIENUPOB HUS (PYHKIMI I PTOHHOTO P CHpeleNieHus. P cyer cedeHms Imporecc
[JTIOOHHOTO CITUSTHHS, B TOM YHCJIe ABYXIIETIIEBBHIX M TPEXMETIEeBBIX DIEKTPOCT -
6b1X momp BOK, mposoawicss B NNLO-npubmmkenun [123,124], T K Xe K K U
p cuer ceuenuiit WH u ZH, ceuenue poxupenus ttH Obuio B3gto m3 [125]. s
MOJIENMHUPOB HUSA (POH OT MPOLECCOB C IEKTPOCT ObIMH K JTUOPOBOUYHBIMH 0030-
H MU WM OT {-KB PKOB Ucnonb30B juck renep topsl PYTHIA, ALPGEN [43],
MC@NLO [126], HERWIG [88]. s npouecc poxneHus ti-m phl ObUIO B3ATO
ceuenne 7,04 + 0,49 16 (M cc t-xB px 173 T'sB/c? [83]), W19 OXMHOYHOTO
poxnenus t-kB pk — 3,15 + 0,31 16 [127]. [Ing MomenupoB HUSI HPOILIECCOB
B3 UMOJIEUCTBUS Y CTHII C JETEKTOPOM UCHOJb30B J cb iporp MM GEANT.

Cm mucmuueck a 0o0p 6omk . Jns cT THCTHYECKOH 0Op OOTKM ObLIM MC-
MOJIb30B HBI B TOAXON : MeTon b iec ¥ MOTU(UIIMPOB HHBIA U CTOTHBIH METON
(CLg-MeTom) OTAENBHO A1 K KA0ro 30 yeHud my [107,108,128]. MogenbHpIMuU
I P METP MH SBISUTUCh M cC H-0030H mpy U MOAU(MPHUK TOP CHJIBI CHTH JT [,
C IOMOIIBI0 KOTOPOro H3Mepsiiuch mpeiack 3 Hus CM BO Bcex OOBEIMHEHHBIX
KHIXPpCIA (ff = Ooxp/Othcors TIE Texp H Otheor — 3H YCHUS CEUCHHIl
mporecc , MOJMyd4eHHbIe B dKCIEPUMEHTe U MPH TeopeTHYecKux p cueT x). OO
METOl CT TUCTHYECKOW 0Op OOTKH g u OIM3KWe pe3ysbT Thl, H MpUMeEp, Mpe-
Jeabl H cedyeHue poxaeHus H-0030H g K XJIOTO 3H YEHHS M CChl P CXOIH-
Juch He 6ojiee yeM H 5 %, B HUX ObUIM KMCIOJIB30B HbI KPOME IOJHOTO H GOp
COOBITHIA, TIPOIIEOIIUX MEPBUYHBIN OTOOp, p CIpenesieHHs OKOHY TEITbHBIX [HC-
KpUMHH HTOB. B K XmoM Merome ObT MOCTPOeH KOMOWHHUPOB HH S (DyHKIIUS
Ip BAOMONOOWS, MPEACT BIIONI S cOOOU IMpom3BeieHne (PYHKIUH TP BIOMOZOOUST
IUTS OTHENBHBIX K H JIOB, K XJ S U3 KOTOPBIX SBJISIETCS NMPOU3BEACHUEM IO BCEM
OMH M THCTOTP MMBI:

N¢ Noins .. Msys
- - b nij e Hij > 0]%
L(R, 8 b|7,0) = Il i ' Il exp | —-=2 .
T Ngjs ~- 2
=1 j5=1 k=1

3rech mepBoe mpousBeaeHne Gepercs Mo BceM HoMep M K H JioB (IV..), BTopoe —

— —

110 BCeM OMH M THCTOTP MMBI, COTEPX LIMM 7;; COOBITHI; 1;; = R-5;;(0)+b;;(0)
UL 4-TO K H T ¥ j-TO OMH THCTOID MMBI; S;j, bj; — OXHI €MOoe KOJIHMYECTBO
CHUTH IIbHBIX M (POHOBBIX COObITHII B OuHe; R — xoaduument M cur 6 , npu-
MEeHeHHbIi K cUrH 1y (cM. Huxe). [Ipu 9TOM NPEArnos r ercs, YTO OTHOCUTEIbHbBIE
BKJI bl P 3JIMYHBIX MPOLIECCOB VI K XJIOTO 3H YEHHS M CChI 1My HPEACK 3bIB -
forcst CM. CucreM THYECKHE MOTPEIIHOCTH I P METPH3HPYIOTCS 3 BHCUMOCTBIO
54 ¥ b;; OT (POHOBBIX I P METPOB 0. 060l U3 KOMIIOHEHT Ngys — 5 0, — co-
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OTBETCTBYET OTIEIbHOMY He3 BHCHMOMY HMCTOYHHKY CHCTEM THYECKHX MOTPEITHO-
CTel, U3SMEPEHHOMY B CT HJ PTHBIX OTKJIOHEHUAX 3TOM MOTPEIIHOCTH, U K KJIbIH
I p METP MOXET BIMITh H TPEACK 3 HUSI OTAENBFHOIO HCTOYHUK CHUTH J1 U (POH
B p 37MYHBIX K H J1 X. [Ipenmon r jock, 4To (DOHOBBIE 11 P METPHI NOIAYUHSIOTCS
p crpenenenuto I' ycc .

IIpu npumenenun Meron b iiec mpennon r jcsd p BHOMEPHbIM 3 KOH P c-
npeeneHus IUIOTHOCTH IPHOPHOM BEPOSITHOCTH I HEOTPUIl TEJIbHBIX 3H Ye-
Huii R. [MocTtepuopH s IIOTHOCTh BEPOSTHOCTH Il R BBIYHCIISIT Ch U3 MPOUHTE-
TPUPOB HHOU (DYHKIUHU Mp BIOMOAOOMS, YMHOXEHHON H IUIOTHOCTb BEPOSTHOCTU
1 poHOBBIX T p MeTpoB. H Gmion emsbrit 95%-ii ypoBeHb HOCTOBEPHOCTH BEpX-
nero npeie H R (RSE®) COOTBETCTBOB 11 T KOMY 3H YEHHIO, IIPU KOTOPOM HHTe-
Ip JI OT MOCTEPUOPHOI BEPOATHOCTHU OT HYJISA 10 R p BeH 95 % MOIHOTO UHTErp J
or R. P crpenenenue st Rgs ObUIO BBIYKMCIIEHO JUIS CMOJIESTMPOB HHBIX H OOpOB
I HHBIX, B K XIOM W3 KOTOPBIX OBUTH 3 A HBI CIy4 WHBIC 3H YeHUS JII (DOHOBBIX
I p METPOB B COOTBETCTBUU C HX P CIpPENEICHUSIMH IUIOTHOCTEH BEpOSTHOCTH.
OO6bearHeHHOe U3MEPEeHHe CeueHHs poXaeHus H-6030H , YMHOXEHHOE H OTHO-
CHTEJIbHYI0 BEPOSITHOCTH mocienytomuiero ero p cn 1 (H — X X)), onpenensiercs
penmunnoii R, apnsiomeiica 30 yennem R, MpH KOTOPOM MOCTEPHOPH 5 BEPO-
STHOCTB JIOCTUT €T M KCHMYM .

T kxe i H i3 Gbul ucnonb3oB H CLg-MeTon, rie B K 4ecTBe TeCTOBOIA
ct tuctuku Oepercs LLR — 3H yeHue jor pudM OTHOILIEHUS BEpOSTHOCTEH
IUI I HHBIX (DKCIEPUMEHT JIBHBIX WJIM CMOJAETHPOB HHBIX), B3STHIX U3 MPEACK -
3 HHBIX p CIpeIesIeHUi I TUIIOTe3, IPEOoN T IOMUX H JIMYAe CUTH JT U (OH
p(datals + b)
——— . 0O06e

p(datalb)

BEPOSTHOCTH P CCUMTHIB JIUCh U3 H WITy4Iero (pUTUPOB HUS M P METPOB fj OT-
OenbHO i K kmod w3 rumore3 [129]. CLg-MeTonm Mo3BOMSIT p CCYHT Th B
31 yenust BepositHocTu: CLy, = p(LLR > LLRops|b), tne LLRobs|b — 30 yenue
CT THCTHKH, P CCYMT HHOE W3 I HHBIX B MPEIIIONIOXEHUH H JIMYUS TOJBKO (POH ,
1 CLsip = p(LLR > LLRgps|s + b), tne LLRobs|s + b — 3H 4yenue cr TH-
CTHKH, P CCUUT HHOE U3 JI HHBIX B IPEANOIOXEHUH THIIOTE3bl CUTH J1 + poH. s
p cuer mpexenoB ObuIo Mcmonb30B HO 3H yenne CLy; = CLgy,/CLy, xoTopoe
SBJISUTOCH (PYHKIIMEH MOAU(UK TOp CWJIBI CHTH 11 f (OpU H JIMYUHM CUTH T H
don (s+b) p#0, npuu auuuu Toeko or (b) p = 0). Bepxuuii npenen
H p onpenensuics uz yenosusi CL, = 0,05, eciu xe BoinonHsiocs CLg < 0,05,
TO THMIIOTE3 CHTH J+ (OH OTKIOHAT Cb ¢ 95%-M ypoBHeM jpocToBepHOCTU. Ilpn
9TOM 3H YeHHe R$P® — H umeHbluee 3H yenme R, uckimouennoe ¢ 95%-ii Be-
posTHOCTBIO. OXWA eMBbId Tpefie]l P CCUUTHIB JICI C UCIOJB30B HHEM CpEeTHEro
31 yeHns LLR, momydeHHOro Mg TUMOTE3bI, MPEAINOoN T IOMel H JInYue TOJBKO
¢on . Ilpeamosn r 0Ch, YTO CUCTEM THYECKHE IOTPEIIHOCTH P CHpelesieHbl 10
3 koHy I' ycc , ucrnonesyemsie and p cuer mpenck 3 Hud CLgy, u CLy ang s;;
U b;; ObLTH B3ATBI U3 IICEBJOKCIIEPUMEHTOB.

p(data|s + b) wim Tomeko on  p(datalb): LLR = —21In
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HpI/I T KOM IIOAXOAE BTOP 4 OLCHK YPOBH{A CUTH JI Rproﬁle P CCUHUTBIB JI Cb

4yepe3 Ipolecc M KCUMHU3 UM (PYHKLUMH Ip BIONMOAOOMS K K (PYHKLUS YpPOBHS
curH 1 R v ¢oHOBBIX I p METPOB 6. DT OLUEHK YPOBHS CUTH J MOXET OT-
MY Thed OT BIUMCIIEHHOI MeToom B itec  Rft, xor (yHKIMS TIP BAOTIOHOOHS
OTKJIOHAE€TCd OT I yccd H . H wimydmwuii ¢yt 3 BUCUT OT (hyHKLIMU IIp BIOHOAO-
6ust BOMM3U M KCUMYM , U B MeTole b iilec MHTErpupoB HHE MPOBOAUTCS IO BCEM
3H YeHMsM (DOHOBBIX I P METPOB, YTO IPUBOAUT K IOJOXKUTEIIBHBIM YPOBHSAM CHI-
HJ1 ¥ (OoH BO BCeX OMH X TMCTOIP MMBI.

Cucmem muueckue noepewrHocmy. CUCTEM THYECKHE MOTPEIIHOCTH OLCHU-
B JIUCh JUI K XJIOTO KOHEYHOTO COCTOSHUS (DOHOBBIX M CHUTH JIBHBIX IPOLIECCOB.
Jlng u3ydeHus BIUSHMS MOTPEINHOCTE H (opMy p cropenesieHus AUCKPUMUH H-
TOB COOTBETCTBYIOLIUII I p METp U3MEHsICA B Ipefen X 1o OoT oXui eMoro 3H -
YeHHs, 1ocjie Yero H M3 MoBTopsuicsa. T KXe YYUTBIB JIUCh KOPPENIALUH MEXIy
CUTH JIOM U (POHOM, p 37IUYHBIMU K H J1 MH P CII I B 3KCIEPHUMEHTE M MEXHy
skcnepuMednT Mu CDF u DO0. et npHOE omuc HUE U3Yy4eHHsS CUCTEM THYECKHUX
MOTPELIHOCTE MOXHO H MTH MO CCBUIK M, YK 3 HHBIM B T O1.21.

CylIecTBEHHYI0 NOrPEIIHOCTh B H JIU3 BHOCWI HUHTErp JIbH 1 CBETUMOCTD,
KOTOp $ HMCIIOIB30B JI Chb JJIS OLEHKH OXHUI €MOro CUTH J M (POHOBBHIX IpOIeC-
COB, OCHOB HHBIX H MoHTe-K pro-MomenupoB HMH, T KXe NpH p cyeTe Mo-
NepeYHBIX CEeUEHHI CMOIETUPOB HHBIX (DOHOBBIX IporeccoB. IIepBOH 4 JIBHO BT
norpentHocTs 6pu1 oueHeH K K 6 % mist CDF u 6,1 % mna DO. IMorpenrHocts
[pU P CUeTe MOMEPEYHOro CeUeHUs MPU POXIEHUH AUGO30HOB U t-I1 pbl ObUI
oueHeH B 6 U 7 % cooTBeTcTBeHHO. [lorpemHocTs H OXUA eMblil (hoH OT cTpyil
B K XIOM K H Je mMeH:11 cb oT 10 mo 30 %.

HICTOYHUK MH CHCTEM THYECKHX MOTPEUIHOCTEH, BIUSIOIIMMH U H HOPMH-
POBKY, U H (OPMYy OKOHY TEJIBHOIO JUCKPUMHUH HTHOTO P CIIpelesieHus], OblIn
oK J1 sHepruu crpyii (1-4 %), p 3pewmenue snepruu ctpyi (1-3 %), ugenrudux -
LM JIENTOHOB, 3((peKTHBHOCTD TpHUITEp U b-Meuenue. [lorpemHocTy uneHTH(GU-
K MU JIEITOHOB U 3(h()eKTUBHOCTH TPUITEP , OLIEHEHHbIE U3 DKCIIEPUMEHT JIBHBIX
Il HHBIX, U3MEHSJTUCH B Mpenen X OT 2 710 6 % U UCMOJb30B JIUCHh NPU MOJEIUPO-
B HUM CUTH JIbHBIX U (POHOBBIX COOBITHIL. T KKe M3 DKCIIEPUMEHT JIbHBIX J| HHbBIX
ObLTN OLIEHEeHB! MOTPEelIHOCTH 11 b-MedeHnst (4 %) u 1y Henp BWJIBHOTO COOTHE-
ceHMs NPOIyKTOB p ci 10B (7-15 %).

Bcero npu mouck x 6030  Xurrc M ccoii 125 TsB/c? 6buio oueneHo
326 He3 BHCHUMBIX UCTOYHUKOB [UISl CUCTEM THYECKMX morpeurHocteil. T kxe ydu-
TBIB JIUCh IOTPELIHOCTH, OTBEY lommue 3 cBa3b akcnepumerToB CDF u DO: Te-
opeTHdecKue Mpeiack 3 Hug Ui AugdepeHy JIbHBIX U WHKJIIO3UBHBIX IOIEped-
HBIX CeueHMH poxjaeHus: H-0030H , OTHOCHTEJIBHOW BEPOSATHOCTH €ro p CII J0B,
(hOHOBBIX MPOLIECCOB TP POXACHUH OJMHOYHOIO t-KB PK , AMOO30HOB p cH je
tt- pel, T KXE€ I OLEHKHM CBETUMOCTH.

Komburupoé HHble pe3ysvm mol usmepeHus ONA 6cex MoO0 p c¢cn 0 6GO30H
Xueec . B teuenne nepsbix sier p 60Thl Bo Bpems T 1 Run II B skcnepumen-
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T X, IDOBOJMMBIX H T3B TPOHE, HE XB T JIO UyBCTBUTEIBHOCTH Ul OINPEAEICHUL
M cchbl 6030H XWITC , HO MOXHO ObLIO YCT HOBHUTH IPEesbl Uil MOAU(UK TOP
CWIBI CUTH J1 fi. Ecnu H Gniof eMblid npenes JUist 44 11 1 JT HUKE eIMHHLBI JUIs
OIIpeJIeJIEHHbIX 3H YeHMH M cCchl 0030H XWITC My, TO dTO 3H YEHHE M CChI
UCKJII0Y JIOCh € 95%-M ypOBHEM JOCTOBEPHOCTU. B pe3ynpT Te au 11 30HBI M CC
90-109 I'sB/c? u 149-182 I'sB/c? 6bun uckmouensl (puc. 24 [108]). Temuoil u
CBETJIOH MMOJIOC MU H PHUCYHKE 00O03H 4YeHbl OTKJIOHEHUS B 1 M 20 OT CpegHero
(IUTPUXOB 4 KPUB ) JUISl TUIIOTE3bl H JIMYMS TOJIBKO (DOHOBBIX coObITHII. CpenHee
OXHJl eMoe TIpH MPEeoNoKeHuH, 4To M cc  6030H Xurrc my = 125 TeB/c?,
IIOK 3 HO IUTPUXIYHKTUPHOW KPUBOW.

10
L — Observed Tevatron Run 11, Ly, < 10 fb!
[ --- Expected w/o Higgs SM Higgs combination
- B Expected + 1 s.d.

- 3 Expected 4+ 2 s.d.
L —-- Expected if my= 125 GeV/c2

95% CL Limit / SM

100 120 140 160 180 200
my, GeV/c?

Puc. 24. H 6mon eM s ¥ OXuj eM s MeOu HbI A1 THIOTE3bl «TOIBKO (DOH» IS BCEX MOJ
p cn o 6o30oH Xwurrc B coBMecTHOM H nu3e akcnepumentoB CDF u DO

YroObl OLEHUTDb 3H YUMOCTb M30BITK CHUTH JIbHBIX COOBITHI IO CP BHEHHIO C
coroM, Obu1 p ccunutT H H Omiox eM s u oxun eM g ¢pyakims LLR x x ynk-
uus M ccel H-6030H mp, T Kxe BepostHocth p(my) = 1 — CLy; Toro, 4yro
H OJIoJ eMoe M OXHI eMoe 4HCIIO coObIThil siBisiercst poHoM (puc.25). Oxu-
I emble 3H 4eHus yHkmuu LLR X K (yHKIMS mpy p CCUMT HBI JUId HYJIEBOH
runote3bl (CM con 6e3 Bkt 1 H-6030H ) M g JIbTEPH THUBHOM TMIIOTE3bI (IIPH-
cyrcrByer H-6030H n13 CM), oK 3 HBI T KXe 0611 ctu 68- 1 95%-ii tocToBEepHO-
CTH JUISl BEPHOW HYJIEBOW TMIIOTE3bl (TEMHbIE U CBeT/Ible 00y cth). H 6mrox emble
3H YEHHUS TOK 3 Hbl CIUIOUIHBIMU JIMHUSMH, CBEPXYy MITPUXIYHKTUPHOW KPHBOW
06031 yeH ¢ynkius LLR mpu mpenmnonoxenuu, 4to M cc 6030H XuUITC CO-
cr Buger 125 ToB/c?. Buusy H puc.25 10K 3 H 3H YAMOCTb CHIH JI , TIPH
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- B LLR, + 1sd.  Tevatron Run I, Ly, < 10 fb!
30k =3 LLR, + 2 s.d. SM Higgs combination
F --- LLR,
.2 N -= LLR
é’ 20+ - LLRmH: 125 GeV/c2
ke N — Obs
o)
S]
= 10
Q
4
g 0f
e
“10F N 7
C \ /
- \\ 7
R IS S S NS S S NN SO SO SR A S SO S NN S}
100 120 140 160 180 200
my, GeV/c?
103 E T -
E Tevatron Run I, L, <10 fb
102k SM Higgs combination — Observed
E —— Expected w/o Higgs
10 ;— - ogx1.0(mg=125GeV/c?) mm Expected + 1 s.d.

--- opx 1.5(my=125GeV/c?) E3 Expected + 2 s.d.

100 120 140 160 180 200
my, GeV/c?

Puc. 25. Beepxy: LLR-¢ynkuus s Bcex mox p cin 1 6030H Xwurrc , H GJIOA eMbIX H
ToB TpoHe. BHu3y: 3H uenms BepostHoctd p(mp) = 1—CLy

my = 125 TeB/c? nOK JbH 4 CT THCTHYECK s 3H YUMOCTh COCT BHI 30. P c-
yer BenuuuHbl Clig1p, COOTBETCTBYIONIEH BEPOSITHOCTH THITOTE3bI CHIH JI+ (OH,
HOK 3 JI, 4T0 B 0611 ctu M ccbl 115—140 TB/c? H Gimiom eMble 3H YeHHs BbILIE
H 50%, 4T0o yK 3bIB €T H BBICOKUN YPOBEHb MPUHSATHS THIIOTE3bI MPHCYTCTBUSA
6030 Xwurrc u3z CM.

Komn 6op mun CDF n DO 1T ke MpoBenu H JIW3 VIS OTHAENbHBIX MOI P C-
n g 6030 Xwurrc , npu atoM rpynn u3 OWUSIM npunum 1 yu ctue B H Jju3e
penn H — ~v [130,131]. Dtu ornesnbHble MOUCKU HE IOK 3 JIM OOJBIIOMH
YYBCTBUTEIBHOCTH K 0030Hy Xurrc w3 CM: p cyeTsl 3H YeHUI BEepXHEro Impe-
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A€ TIONEPEeYHOro CeueHus! poxaeHus 6030H XWITC , YMHOXEHHOTO H OTHOCH-
TENbHYI0 BEPOSTHOCTD P CH I , HOK 3 JIM CT TUCTHYECKYIO 3H YHUMOCTh B 207 IIpU
my = 125 TeB/c? [121]. DTu pesynbT Thl H JU3 ObUIM MCHONB30B HbI IIPH
KOMOMHUPOB HHOM H JIM3€ BCEX MOI P CH 1 , T KX€ OHU ObUIM OOOCHOB HBI
C TOYKH 3pEHHS MOMCKOB CylecTBOB HMs 6030H Xwurrc 3 mnpenen mu CM, HO
B HUX rpynn w3 OUSAU yu ctus He npuHuMm 1 .

4. BKIIAJ OUsAN B CO3JAHUE JETEKTOPA CDF

4.1. COUMHTHUIAIIHOHHbBIE CYETYHMKU MIOOHHOU cuctembl aerektop CDF.
I'pynmn  OUSIUN ceirp 1 KIJII0YEBYIO pOJIb B MOJEPHHU3 LMW MIOOHHOH CHCTEMBI U
TPUITEPHOIO KOMIUIEKC IIpu nepexone Ko Bropoi cr auu Run II skcnepumeHt
CDF. JlerextupoB Hue MooHOB H CDF u To4uHOE H3MepeHHe UX UMITyIbC HMENO
MIPUHLMUIN JIBHYIO 3H YUMOCTb JUISl M3y4eHHs T KHX (DYHI MEHT JIbHBIX ITpoOIeM,
K K OCHOBBI 3JI€KTpOCIl 00if TeopHuH, MOUCK IOMOIHHUTEIBHBIX BEKTOPHBIX 0030-
HOB. MIOOHBI BO3HMK JIM OT P CI 1 t-KB PK M APOHOB, COAEPX INUX b-KB PK.
P cmmpenH g nporp MM b-pM3MKH, H YMH S OT OTHOCHTENBHO IPOCTOrO H3Me-
pEeHUSI BpeMeH XU3HH U 10 m3ydeHus: acpgextoB CP-H pylieHus, BBIIOIHAT Cb
61 rox pa SVT-Tpurrepy H BTOPHYHYIO BepIIHHY. MIOOHHBIH TpUITEp T KXe
LIMPOKO MPUMEHSJICS NP NOUCK X 0030H XWuITC .

MIOOHHBII AETEKTOp HPeNcT B cOOO0i COHABMY M3 ApeiPoBBIX K Mep H
IUT CTUKOBBIX CIMHTHWUISLMOHHBIX CYETYMKOB (IOJIOBUH M3 HUX ObUT M3rOTO-
preH B OWAM), koropblii ObUT HCIONB30B H B K YECTBE TPUITEP H IPOXO-
KIeHHe MIOOHOB. MIOOHHBIE CHMHTHUISLIMOHHBIE CYETYMKU MOKPBIB JIM 00 CTh
niceBroG6bicTpor 0 < |n| < 1,5 U GbUIM CIPYHIIMPOB HbI B CJIEAYIOLIHE OCHOBHbBIE
nojacucTeMsl (puc.26): MOZEPHU3UPOB HHBIA IIEHTP JIbHBIH MIOOHHBIH CIIMHTHJI-
nammonHb getektop (Central Muon Scintillator Upgrade, CSP u CSP Wall) —
0 < |n] £ 0,6; p cumpeHre UEHTP JHHOTO MIOOHHOTO CHUHTHULSILHOHHOIO Ie-
tektop (Central Muon Scintillator Extension, CSX u MSK) — 0,6 < |n| < 1,0;
CUMHTWUTALMOHHBIE CYETYNKHU NepenHeil MIooHHOH cuctemsl (Intermediate Muon
Upgrade, BSU u TSU) — 1,0 < |n| < 1,5. T kxXe ObUIM HCIIONB30B HBI CYET-
YUKHM CO ChEMOM CBET C IIOMOLLBIO IUIEKCUINI COBOIO CBETOBOJ, («CT pbIE» CYET-
YHUKHU), CIIEKTPOCMEIL IOLIMX BOJIOKOH (CUETUYUMKM HOBOIO IOKOJIEHHT), T KXe
CYETYMKH, MCIIONb3yIore 00 yK 3 HHBIX CIOCOO CbheM CBET («MOOEpHU3UPO-
B HHbIE» CUETUHKH).

[TonHOE KOMWYECTBO MIOOHHBIX CLUMHTWIUIILMOHHBIX CUETYHKOB COCT BHJIO
okono 1200 mryk. [IpuMepHO MONOBHH W3 HHUX OBUIM CYETYUKH HOBOTO THII .
OO6wmmii Bec caen HHBIX B JlyOHEe CHMHTHIISLMOHHBIX CYETYUKOB JOCTUT 5 TOHH,
YTO cOCT BWIO O0Koio 60 % oT Bcero Heob6xomuMoro KosudyecTB . CUETUYHKH HO-
BOTO IOKOJIEHUs ObUIM CMOHTHPOB HbI 1O 3 BepuieHud T o Run I Bo Bpems
MozepHu3 1u ¢ 1996 mo 2001 r., mocne vyero H ctynii T 1 Run II, xoTopsrit
IIWIICS. 10 KOHI[ ®KcrepuMeHT (ceHTsOps 2011 r.).
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North CSX internal

East

Puc. 26. CucreM MIOOHHBIX CHUUHTWUIIOHOHHBIX cueTdnkKoB ycT HOBKH CDF II (Run II)

ITpu co3n HUM cYETYNKOB OBIIT UCIONIB30B H CLHMHTWLIATOPHBIN 1 cthK UPS
923A, U3rOTOBJIEHHBII H OCHOBE MOJUCTUPON B MHCTUTYTE CUMHTUILISLIMOHHBIX
M tepu 0B (MCMA, X pbkoB, Ykp uH ). KOHTpoiab K 4eCTB OCYLIECTBIISLICA
rpynmnoii u3 OUSIU. C mu cuerynku cobup auck B OUSIH ¢ ucrnonb3oB HueM agh-
thexTuBHON MeTOIMKH, p 3p 60T HHOU coBmecTHO ¢ INFN (ITu3z , Ut musg). K k
MIOK 3 JIU CP BHUTENbHbIE HCCIIENOB HHUS, CBETOCOOpP CUMHTHJUIILIMOHHOTO CYET-
yuk H ocHoBe UPS 923A Obu1 Gosiblile, 4eM [JIE H JIOTMYHOTO CUETYHK H
OCHOBE M3BECTHOT0 KomMMepueckoro ciuuHTwuaTop NE 114, mpubnusurtensHo H
25%. TecTpl IO KOHTPOIIO 3 K YE€CTBOM HM3TOTOBIIEHUS! CUYETUYHUKOB, BBHIIOJHEH-
Hoie B OWSIN, npoBoawiuCch H KOCMHYECKHMX MIOOH X, COOp HHBIX C JI JIBHETO
KOHIl CueT4yuKkoB. [lomydeH cpemHMil CBETOBBIXOX B AW I 30HE oT 21 ¢.o./ MUY
(boTORNMEKTPOH / MUHUM JIBHO MOHHM3UPOB HH S Y CTHUIl ) IUISl CYETYUKOB IIMHOMN
3,2 M u g0 28 ¢.2./ MUY mng cueraukoB mmHOH 2,4 U 1,6 M. T xum 06p 30M,
CYETYMKH obecrieyrB Jd dP(EKTUBHYIO P OOTY MIOOHHON CHUCTEMBI.

4.1.1. MooepHu3upoé HHbLI YeHMP JbHBLIL MIOOHHBLL CYUHIMULNAYUOH-
Houl demexkmop. Cuerunku CSP (Central Scintillator uPgrade) Gvun p cno-
JIOKEHBI HEMOCPEICTBEHHO Mocie IpeiithoBbIX K Mep H P CCTOSHUU =~ 1,2 M OT
apeiicopix k. Mep CMU (Central Muon Upgrade), H xopsmuxcst Oimxe K HEHTpY
CDF, 1 00p 30BbIB JIM CUCTEMY MAESHTU(UK IIMU MIOOHOB B LIEHTP JIbHOH 007 CTH
0 < |n] < 0,6. Cuerunku CSP u x Mepst CMP GbUTH YCT HOBJIEHBI 3 CT JIbHBIM
IIMTOM TOJIIUHON 61 cM, KOTOPBI MPOXOAAT TOJIBKO MIOOHHI [1, 132].

H ycr HoBke CDF 3 pmeiictBoB HBl AB THI c4yeTdyukoB CSP — «momep-
HuzupoB HHbIe» (CSP Wall) u cuerunku Hosoro nokonenusi (CSP Top/Bottom).
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B nepuon v 60p 1 HHBIX Run I Mcnons3oB Mch MIOOHHBIE CHMHTHJLISIIMOHHbIE
CYETYUKH CO CHEMOM CBET IIPU MOMOIIM IUIEKCUITT COBOTO CBETOBOI THI «PBI-
Ouii XBOCT» (KJI CCMYECKHMH THII CheM cBeT ). M3-3 mpouecc CT peHust 4 CTh
DTUX CYETYUKOB ObUI 3 MEHEH CIMHTHUUIIIUOHHBIMU CYETYUK MH HOBOI'O IOKO-
JICHUS CO ChEMOM CBET MPH MOMOIIM CIIEKTPOCMEI 0IIUX BOJIOKOH, H3TOTOBJICH-
Heix B OUSN.

Cuerynku CSP HOBOro mokojieHus ObUTH p CHOJOXEHBI IOA U H I YCT HOB-
kot CDF (CSP Bottom u CSP Top coorBerctBenno) [132-135]. Ounu npen-
CT BJISIIOT COOOHM CYETYMKU U3 NPSIMOYIOJIbHOTO CUMHTWIUIATOP H OCHOBE I10-
muctuponn  UPS 923A tpex Ttunos p 3mepos (puc.27). Hcrons3oB HHE T KuX
CYETYMKOB ObLIO 0OYCIIOBIIEHO Tomosnorueil HuxHed 4 ctu yer HoBku CDF (H -
JIMYME ONOp, TEXHOIOTMYECKUX HHUIN) W UMEJIO LEJIbl0 M KCHUM JIbHOE HOKPBITHE
noctynHoi oy au. O6ree KoaudecTBO cueTyukoB CSP HOBOro mokosieHws,
3 meiicTBoB HHBIX H ycT HoBKe CDF, coct Bnano 142 mryku.

Cueryniku CSP Wall, ucronp30B Bimecs p Hee, B nepuoa Run I, 6putd Mo-
JAEPHU3NPOB HBI C LEJIbI0 YBETMYEHHS KOJIMYECTB COOMpP €MOro CBET CO CLUHTHII-
agrop [136,137]. MoaepHu3 nust COCTOST B CJIEAYIOIIEM: H TOPIIEBYIO CTOPOHY
CUMHTWUISLIMOHHOM IUT CTUHBI ObUI TPHKJIEEH JIEHT M3 CHEKTPOCMEIl IOMIUX
BOJIOKOH, OJIHM KOHILIBI KOTOPBIX ObUIM 3 3€pK JICHBI, JpYyrHe 4epe3 BhIEMKY H
IUIEKCUIJT COBOM CBETOBOJIE MoABeNneHbI K poToymHOXuTeN0 (PDY) (puc. 28). T -

H

et LB T N

3epkaro \N CIIEKTPOCMEIAOILHIX BOJIOKOH &1 MM A CSPLI 2400 305 20 20
I L CSPL2 3100 305 20 20
150 CSPL3 3200 305 20 20
BSU 1638 166 15 15

JlenTa n3 cnekTpocMelaonMx BOJIOKOH Ajanrep

Puc. 27. Cunntuisunonssle cuetdyuk CSP u BSU HoBoro noxosenus (p 3Mepsl yK 3 Hbl
B MM)

320 [ |

3epkano ) N CHCKTpOCMeH.Ia}%%H/IX BOJIOKOH &1 MM
J 00

20 JlenTa U3 CHEKTPOCMEIIAIOLIUX BOJIOKOH : k

Puc. 28. MonepHu3upoB HHble CUMHTWUIILMOHHBIE cyeTdyuku CSP (p 3Mepbl yK 3 HbI
B MM)
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KUM 00p 30M, cOOp CBET CO CUMHTWUISITOP OCYIIECTBIISUICS K K KJI CCHYECKUM
croco0OM, T K U IPU MMOMOIIM CIEKTPOCMEIIl IOMUX BOJOKOH. Bl rog ps T Koi
TEXHOJIOTMU YI JIOCh YBEIIMYUTh KOJUYECTBO CBET , COOMP €MOro C [ JIbHEro OT
OBY KoHI cyeTyuk , Oosnee 4eM B OB p 3 . OOIuee KOIUYECTBO MOAEPHU3M-
poB HHBIX cueTunkoB CSP Wall, ucnoneszyemeix H ycr HoBke CDF, coct Brsino
132 mryku.

4.1.2. P cwupenue yenmp JbHO20 MIOOHHO20 CYUHMUNLAYUOHHO20 Oe-
mexmop . Cuerunku CSX (Central Scintillator eXtention), coBMecTHO ¢ 100 -
BreHHbIMU Tpymnmnoi OUAN Bo Bpems monepHu3 mmu yct HoBKHM CDF cuetdynk mu
MSK (Miniskirt) 1 MSK’ (mixed Miniskirt), nepekpsiB i 06 CTb IICEBIOOHI-
crpot 0,6 < |n| < 1,0 (wm 42° < |0] < 55°). Cuerunku CSX GbUTH P CIIOJIO-
JKEHBI B 1B CJIOsI, 110 00EUM CTOPOH M IuockocTH apeiicoseix Kk Mep CMX (Cen-
tral Muon eXtention), cdetryuku MSK — B ofuH cj10#, HEITOCPEOCTBEHHO TIepeN
ApeiichoBBIME K MEp MH, €clIi cMOTpeTh OT neHTp ycT HoBku CDF. Bce Bmecte
OHU OOp 30BBIB JIM JUHYI0 CUCTEMY UIEHTU(UK LUU MIOOHOB B YK 3 HHO 001 -
CTH TICEBIOOBICTPOT U MPEACT BISUIA COOOM yCeUeHHbI KOHYC, P CIUIUPSIOLIMACS
K LIEHTPY YCT HOBKU.

Cuerunku CSX — 3T0 equHCTBEeHHBIE cueTyuku H ycT HoBKe CDF, He mpe-
TepIeBIIue MOJAEepHH3 LUK co BpeMeHH oT 1 Run I. Mccnenos Hud, nposeneHHble
BO BpeMs MoepHH3 1uu ycT HOBKM CDF, ok 3 yu, 4To J HHBIE CYETYUKH MOTYT
ObITh 3(HEKTUBHO MCIIONB30B HBI B ®KCIEpUMeHT X H 5T me Run II [132,138,
139]. Onu npexct BisIM cO00M CUMHTHISILIMOHHYIO TUT CTHHY TP TELeu JIbHOM
thopMmbl TOMIMUHON 25 MM H ocHOBe mosuBuHWITOAyon . H CDF Obutu 3 1eii-
ctBOB HbI OB TuUn CSX-CYeTYNKOB, OTJIMY IOIUXCA APYr OT APYT CTOPOHOMN
cpeM cBeT (puc.29).

«Buyrpennue» CSX cuerunku (Internal CSX) ObulM p CIOMIOXEHBI H BHY-
TpeHHell OOKOBOW MOBEPXHOCTH yCEYeHHOro KoHyc , OmmxHeil k neHtpy CDF.

Cuerunku CSX External

1800

Puc. 29. Cuunrwuanuonsele cuetynku CSX (p 3Mepsl yK 3 HBL B MM)
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CpbeM cBEeT NPOU3BOAMIICA CO CTOPOHBI IIUPOKOM P HU CUUHTHUILHOHHOM IIT -
crunbl. «H pyx#bie» CSX-cuerunku (External CSX) ObLTH p CIIOJOXEHBI H H -
PYXHOI1 GOKOBOH MMOBEPXHOCTH YCEUEHHOrO KOHYC , ya JieHHoi ot ueHtp CDF.
CpeM CBET NPOU3BOIAWICS CO CTOPOHBI Y3KOH Ip HH CHMHTHUIILHOHHOM IUT -
ctunbl. Obmee komuecTBo CSX-cueTynkoB 000MX THIIOB cocT BWIIO 269.

Cuerunku MSK wu MSK’ 1 KKe uMead Tp NeUeus JbHYIo (opMmy
(puc.30) [140,141]. Hx p 3Mepbl MEHAIHUCh B 3 BUCHMOCTH OT 3HMMYT JIBHOIO
yI1 @ U3-3 Orp HUYEHHOIO IPOCTP HCTB B MecTe p crnonoxeHud. Ilo Toil xe
MIPUYMHE OHM OBUTM P CIOJIOKEHBI TOJIBKO B OIMH CIIOW H BHYTPEHHEH, OImxHen
K ueHtpy CDF, 60KoBOii MOBEpXHOCTH yceueHHOro KoHyc . B ormuumne or CSX-
CUYETYMKOB, cOop cBeT co cuerurkoB MSK u MSK’ npoucxomwi ¢ 0G0uX KOHLIOB
CUMHTWUISAIIMOHHON TUT CTHUHBI TOMIUHOM 15 MM (puc. 31).

MSK #2—4 MSK #2-4
MSK #5-16 -

MSK #5-16

'@/ [/
J 7 /
oy //,/
‘/t /,”" /r;/’,]!xiﬂ~
-m% HNIK A
¢ 44444,

Puc. 30. CxeM p crnonoxenus cuetunkoB MSK u MSK’ u ycr noske CDF

JlenTa u3
CIIEKTPOCMENIAIOIINX
C DIY e y_ BOJIOKOH
M
e
I |
1
AIOMHHHIEBOE Maiinap
Tmm | A | B C
cYeTYHKa TIOKPBITUE
MSK 5 | 171.0] 243,5] 1783.3 C

MSK 6 | 169,0| 239,5| 1757.3
MSK 7 | 167,0] 236,0| 1733.9
MSK 8 | 165,5]233,0{1713,0
MSK 9 [164,0]230,0] 1694.4
MSK 10| 162,5| 227,5| 1678,0
MSK 11 161,0] 225,0 | 1663,8
MSK 12| 160,0] 223,5] 1651,5 cam | A | B c
MSK 13 159.0{ 222,0 1641,2

MSK 14| 158,5] 220.5| 1632,7
MSK 15| 158,0] 219,5] 1626,0
MSK 16 157,5[ 219,0 1621,1

MSK2 [179,0]275,5]| 1879.2
MSK 3 [176,0 | 251,5| 1844,0
MSK 4 [173,5] 248,0]| 1812,2

Puc. 31. CuunTwitanuonssie cuerduku MSK u MSK’ (p 3Mephl yK 3 Hbl B MM)
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K x Bumgno u3 puc. 31, ocHoBHbM oTimureM Mexay MSK- u MSK’-cuerun-
K MU sBsuicst crocod ceeM cBeT . H cuetunk x MSK cheM cBeT mpomcxo-
AW ¢ 00euX Ip Heil CUMHTHUISLMOHHOM IUT CTHHBI KJI CCHUYECKUM CIIOCOOOM —
IpU TIOMOIIU IUIEKCUIJI COBOTO CBETOBOI THIT «pbiOWii xBocT». H cyerum-
K X MSK’ cbheM CBET KIJI CCHUECKHM CITOCOGOM TPOMCXOIMIT TOIBKO CO CTOPOHBI
Y3KOH I'p HU CUMHTWUIILUMOHHOM IUT cTUHBL. CBEM CBET €O CTOPOHBI LIUPO-
KO Ip HM MPOUCXOAWT IO TEXHOJOTMM, H JoruyHoul g CSP-cueTunkoB —
HOJBEIEHHBIM K (DOTOCEHCOPY XIYTOM M3 CIEKTpOCMell omux BojokoH. Obiiee
konmnyectBo MSK- u MSK’-cuerunkos, 3 neiictBoB HHbIX H CDF, — 48 wmryk.

4.1.3. CyunmunnayuoHHsle MIOOHHBIE CUEMUUKU NepeoHell MIOOHHOI Cu-
cmemet. Tlepenusis mioonH o cucteM (Intermediate Muon Upgrade, IMU) 611
006 BieH B p MK X MmopepHu3 mm ycT HOBKM CDF H a1 me Run II. Ee p c-
MOJIOXWIIM H TIepeJHuX TOPOMA X He ucnosbdyemoro B Run II temsioro M rauT .
OGn cTh MOKPBITHS MCEBIOGBICTPOT HOBOK cHcteMsl cocT Bun 1,0 < |n| < 1,6.
B coct B HHOI CHCTEMbI BXOAWIN MIOOHHBIE CLMHTIWUISIIMOHHBIE CUETUYUKHU IBYX
BUJIOB, B 3 BUCUMOCTH OT MeCT uX ycT HOBKH [1, 134, 135, 132, 142].

Cueruniku BSU (Barrel Scintillator Upgrade), uzroroenennsie B OUSIN, Obutu
p crosoxeHsl AByMs Kousibll MA. OHHM NpPEeICT BISUIM cOOOl MONHBI H JIOT cYeT-
ynkoB CSP Top/Bottom, HO nmenu MeHpmii p 3mep (puc.27). OOmee Ko-
mmuectBo0 BSU-cuerunkos, ucnons3yemsix H ycr HoBke CDF, — 407 wmryk.
Cueruniku TSU (Toroid Scintillator Upgrade) Gbutd p CHOTOXEHBbI KOJIBIIOM H
BHYTPEHHEH 4 CTH TOpPOMA M THUT NEpHeHAMKYISPHO H NP BJICHHUIO MPOTOH-

HTUIPOTOHHOTO 1My4K (puc.32). OHM npenct BisIM co00i CUMHTHIUISILIMOHHbBIE
IUI CTUHBI TP HeLewa JIbHOH (opmbl TommuHOM 10 MM H OCHOBE IOJUBHHMII-
tomyon [132,142]. Cuerynxku TSU Obumm 100 BJICHBI H BT e MOOCPHHU3 LUU
ycT HOoBKM CDF. OHM OTHOCHNNCH K CUMHTWUISILMOHHBIM CYETYHK M HOBOTO IO-
KOJICHHUS, T.€. CheM CBET IPOU3BOAWICS NPH IMOMOIIU CIIEKTPOCMEl] IOIIUX BO-
JIOKOH U (OTOCEHCOP H OCHOBe MUHM TIOpHOro PDY. EnuHCTBEHHOE OTINYME

C

5
- OCMeH‘;;Ta 13 Jnuua | Jimaaueii | Koporkuii
L, A | 285 285
C B 315 330
C 550 650
c 605 705
T 10 10

AroMuHUEBOE IIOKPBITHUE

T 30+
= X

Puc. 32. Cunntwisiuuonnsle cuetdyuk TSU (reoMeTpust U p 3Mepbl B MM)
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ot cuetaukoB CSP u BSU 06buto B TOM, YTO CIIEKTpOCMeN] IOIIHe BOJOKH He
ObLIM NPUKJIEEHbl K CUMHTWUIIUOHHON IUT CTHHE, ObUIM IUIOTHO IPUCT BIICHBI
K topiy. OG6iee xomudectBo TSU-CYETYMKOB, 3 NEUCTBOB HHBIX H YCT HOBKE
CDF, — 144 mtyku.

Bxkn g OUSU B moonHyo cucreMy CDF orp keH B T 611.22: COTpyIHHKH
OUSIN BBIMOMHWIN MOIOBUHY BceX p OOT IO CO3A HMIO, MOAEPHU3 LIUH, TECTHPO-
B HHMIO U WHCT JUranuu MooHHBIX cuetynkoB CDF II, T KXe momHOCTBIO 0Oec-
neynwiv OoOCIYXUB HHE CHCTEMbI C MCIIOJIb30B HUEM P 3p OOT HHOrO UMH IpO-
I'P MMHOTO OOecredeHusl.

T 6mumy 22. Jona yu crua corpyaankoB OHUAUN B p 31m4HBIX p 60T X ¢ MIOOHHBIMH
cyerynk mMu CDF

Cosg Hue/
Tectupo- Iporp mmuoe | O6cmyxu-
Tun MOJEPHHU- Wucr nngumst

CHCTUHKOB 3 s B HHE (%) obecrieueHre B HUE

(%) (%) (%)

(%)

CSP
Top/Bottom 100 50 — 100 100
CSP Wall — — 30 100 100
CSX — — — 100 100
Miniskirt 100 100 100 100 100
BSU 100 100 50 100 100
TSU — 100 50 100 100

4.2. CucteM MOHHTOPMHI ¥ KOHTPOJS CHUHTH/UIALMOHHBIX CYETYHKOB.
Komn 6op mma CDF m1 HEPOB 1 co6p Th COTHH ti-p CII IOB C MIOOHOM B KO-
HEYHOM COCTOSIHMH, T K Xe€ K K U HECKOJIbKO MUJJTHOHOB COOBITHI, BKITIOY OIIUX
pen st J/p — ptpu~ u Z — pp. Tpynn w3 TyGHbI OTBEY J1 3 BECH MIO-
OHHBIN CUMHTWUIATOPHBIN KoMmiuieke ycT HoBkM CDF. H 4 npH 4 Bepcus mm -
p THOro  mporp MMHoro obecniedenust 6eu1 co3g H B 2001 r., merom 2009 r.
p 3p 60T H W BBeleH B OKCIUTYy T LWIO HOB s BEpPCHS, ITOJYYUBLI 51 JOIOJIHH-
TeJIbHBIE Il P THBIE BO3BMOXHOCTU U OCOJIOTHO HOBOE IPOrp MMHOE obecrieue-
Hue [143].

Bospocin S cBeTUMOCTh T®B TPOH MOCIYXHJI TNPUYHHON CO3H HUS HOBOIA
BEPCHU CHCTEMBI MOHUTOPUHI M KOHTPOJS CHUHTHUISLMOHHBIX CUETYMKOB MIO-
OHHOTO TpUITep , KOoTop s 6b1 p 3p 60T H B cpexe iFIX 5.0 merom 2009 r.
[Ipu TOM y4MTHIB JIUCh HOBBIE BO3MOXKHOCTH, ITOSBUBLINECS B CBS3U C BBEIECHHEM
JOIIOJTHUTEIIBHBIX IIT P THBIX CPEACTB KOHTPOJIsi M yrp BieHus. T Kxke ObUTH
y4TEHBI H 3pEBLIME 3 MeY HUS 0 DKCIUTY T MU MPepIIyllieil BEpCUU CHCTEMBI
MOHHMTOPHHT .
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K k yxe 0bl10 cK 3 HO, 0OIIee KOIMYECTBO MIOOHHBIX CLHUHTHILISILMOHHBIX
cuetynkoB H CDF II mpessim 10 1200 mtyk. Bed cucrem  pmenun cb H 2 rpyn-
OB T K H 3bIB €MBIe «CT pble» CUETYUKHU, KOTOpPBIE HCIIOJIB30B JIMCh B TEYEHUE
Run I (CSX, Miniskirts u CSP Wall), u «HOBbIE» CUETUHMKH, CIIELU JIbHO U3TOTO-
sirerssle Uit Run I (BSU, TSU u CSP). Cuerunku BSU u CSP 6putn cKoHCTPY-
upos Hbl B OMSIU (6onee yem 600 mTYK) U CMOHTHPOB HBI CHJI MU TPYIIIbI H
CDF. [IpuHuunu JibHOE OTJIMYHUE «CT PBIX» U «HOBBIX» CUETYMKOB 3 KJIIOYU JIOCh
B THITE UCIOJIb3yeMbIX @DV u criocobe chbeM CBeT C IUT CTHK . B mepBoM ciiyd e
UCIIONIB30B JIMCh CT HI pTHBIE DY ¢ 1u MeTpoM ¢otok Tox 51 mm (EMI 9814,
«Electron Tubes Inc.», BemukoOpuT HUS) M KJI CCHYECKUH CHhEM CBET MOCpPEea-
CTBOM CBETOBOJ W3 OPICTeKs . Bo BTOpoM cilyd € NMpPHMEHSUIMCh MHUHU TIOpHbIE
®BY ¢ qu merpom dotok tog 10 mm (H5783, «Hamamatsu», Snonust) u crem
CBET TIOCPEICTBOM CHEKTPOCMEIIl OIIUX BOJIOKOH.

DIEKTPOHUK CHCTEMBI «CT PBIX» CUETUYMKOB OCHOBBIB JI Cb H «MEUICHHBIX»
YIP BISIEMBIX P CIIPEAEIIUTENSX BBICOKOTO H npsikeHus: «PisaBox» (mponssoncts
CAEN, Ut nus). K xae1il T Kot GJI0K MO3BOJISUT P 3BETBIATH BBICOKOE H TIpsI-
’KeHHe OT HCTOYHHWK , B H meM ciayd ¢ Gamma Power Supply (cokp mieHHO
«GammaBox», mpousBoxcte «Gamma High Voltage Research Inc.», CIIIA)
40 CUMHTWUIIMOHHBIX CYETYMKOB OFHOBpEMEHHO. [l I 30H M3MEHEeHHH B K -
xnoM u3 40 x H 1o «PisaBox» coct Bisun 400 B. g mon 9u omopHOTO H TIps-
’KEeHHs UCIonb30B Juch Oi1oku «Gamma Power Supply» (mpomusBoacts «Gamma
High Voltage Research Inc.», CIIIA), koropsie obecrieuus ju 10 3000 B BbI-
XOIHOTO H NPSDKEHMs] MpH cuie TOK 75 MA. «MemwieHHbIM» 0510k «PisaBox»
ObUTH 3B H3 KOHCTPYKTHBHbIE OCOOCHHOCTH M3MEHEHHMS] H MpSXKEHHs B K H J X.
Il 3TOrO0 MCHONB30B JINCh MHOTOOOOPOTHBIE MEPEMEHHBIE PE3UCTOPBI, KOTOpPbIE
yIp BISUTUCH MHUHU TIOPHBIMH 3J1€KTpOMOTOp MHU. M3-3 ®TOro Bpemsi BBICT Bie-
HH TOYHOTO 3H YEHMS H NPSXEHUS B K XIOM K H JIe MOIVIO 3 HUM Th JOBOJIBHO
IPOJOJKUTETBHOE BpPEMs, BIUIOTh OO MMHYTHL. [IJI OUCT HIIMOHHOTO KOHTPOJIS
U H CTPOUKH BBICOKOTO H NpSXeHHd B K H 1 X «PisaBox» ncrnons3oB jcd cre-

Vipasnsemblit

CunHTHAIATOp pasBerButens HV KAMAK-Kkpeiit
OBM
PisaBox
000000000000 | | &
oo 000000000
/
Pisa- Kontposmnep
npaiisep KAMAK
GammaBo:
OOV EMI 9814 \__@ I'moGanpHas cuctema
@ — MoHurtopunra CDF II
CucreMa KOHTPOILS
Hctounuk HV BBIXOJJHOTO HANPsKEHHs

Puc. 33. DiIeKTpOHUK CHCTEMBI «CT PBIX» CYETYMKOB
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oy JbHBIA 00K — uHTepdeiic-kommyT Top (PisaDriver mpoussomcte CAEN)
B ct H1 pre KAMAK. 3Bror 610k nocpeactBom SCSI-kKoHTpoiuiep «Jorway»
73A obecrieuu 11 cBsizb Mexay DBM u «PisaBox» (puc. 33).

DNEeKTPOHUK Uil «HOBOH» CHCTEMbl CUETUYMKOB OCHOBBIB J1 Cb H 48-K -
H JIbHOM CII€L{ JIM3UPOB HHOM Oji0Ke — mpueMHuke-p cupenenutene (Control
and Concentrator Units, wiu CCU). CucteM THT HUS H NPSDKEHUEM <HOBBIX»
CYETYUKOB CHIBHO OTJIMY JI Cb OT «CT PbIX» (puc.34). ®oroceHcop «Hamamat-
su» H5783 Bkmou 11 B ce6st @DY u BCTpOEHHBIN NpeoOp 30B Tellb H INpSXKe-
HUA. YTIp BieHHE 3TUM (DOTOCEHCOPOM OCYIIECTBIISUIOCH C ITOMOUIBIO CIIEIH JIb-
HOU IUT THI ¢ (PYHKIMAMH YCUIUTENS, (DOPMHUPOB TeJIs ¥ MOPOTOBOrO JUCKPUMHUH -
top (PMT Amplifier and Discriminator, cokp menHo PAD). Yop snenne PAD
ocymiecTsisercd K K p 3 ¢ nomomblo CCU uepes cr HI pTHbIL p 3beM RJ-45 x -
6erxamu CATS. H muune 4 Buthix 1 p B K Oenne CATS 1mo3BOIISUIO UCTIONB30B Th
€ro OJHOBPEMEHHO I KOHTPOJIS M H CTPOMKH BBICOKOTO H HIpsikeHHs H DDV u
cbeM curd JioB B @Y. Beero Obuto 3 peiictBoB HO 20 T xux 6;10k08 CCU, KoTO-
peie o6ciyxus i nopaak 800 cueruynkos. Cea3p CCU B DBM ocymecTsiIsil Cb
yepe3 I JIbB HUYECKYI0 P 3BA3KY (IIOCPEACTBOM NPUMEHEHHUs ONTHYECKOH I1 PhbI).
H npsxenne nut #us 61okoB CCU (4/ — 5, 12 B) mOCTOSHHO OTCIIEXKUB JIOCh
cucteMoit «Voltman».

Bnok xonTpons
ccu .l: I'moGanbHas cucteMa
THTaHuA monutopunra CDF 11

CuuHTHILIATOP

®dorocencop
H5783

5 TanpBanngeckas
JIOK yCHITHTENIS
" }IHCsz/IMI/IHaTOpa ITpueMHHK-pacIpeneTuTeIb pasBssKa
(Control and Concentrator Units) PasBeTBUTEND
COM-nopra

Puc. 34. DneKTpOHUK CHUCTEMBI «HOBBIX» CUETUHKOB

B nepuox Run I, no Gosnbuioit mopepuus uuu ycr HoBku CDF, s ynp -
BJICHUSI BBICOKUM H HPSDKEHHEM CUETYMKOB ObUIO JOCTYITHO JIMIIb PYYHOE YIIp -
BJIeHHEe. DTO ObUI OUYeHb MEIJIEHH s CHCTEM , KOTop s TpeboB J1 Oojee cyTok
15 06CITyXKUB HUS BCEH CHCTEMBbI MIOOHHBIX CUeTYMKOB. Bosee Toro, 3T cuctem
HE IO3BOJIST  OTCJIEXHB Th TeKylue p Ooune I p MeTpsl. Bricokoe H mpsike-
HHE H CYETYHK X MPOBEPATIOCH BPYYHYIO TOJIBKO HECKOJBKO P 3 B romy. OuLeHku
IOK 3 JIK, YTO 1O Kp iHeil Mepe 10 % Bcex CYETYMKOB p OOT JIO C HYJIEBOU (-
(peKTHBHOCTBIO B TEUEHHE HECKOIBKUX HEMENb WM JI Xe MECALEB.
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H nmume T Xo#l p cnpeneneHHON W CIOXHOH CHUCTEMbl CUUHTHUISLIMOHHBIX
JETEeKTOPOB MOTPeOOB JIO CO3[ HUS MIPOTP MMHOIO obecrieueHus 11 OOCTyXUB -
HUA U BTOM THYECKOIO KOHTDOJIS H [ BBICOKMM H IIPSKEHHEM BCEll CHCTEMBI MIO-
OHHBIX CUMHTWUILIMOHHBIX CYETYUKOB M MHTETP LU €€ B [JI0O JIbHYIO CHCTEMY
MOHMTOPHHT ¥ KoHTpons jgerektop CDF. Ilostomy 6bi1 cozm H 6 3 1 H-

5
NorthWest PBox | PS80 [ 5 CAMACsot# [37  Factor [172° [HV response from Pisa Box 5 a
csxipbor [ | # Vokt wiate  # Volt wpdate Lt
CSXX Phox | [~ o oot oot fesx [ fiseo  fesx
CsWPbox ,.—ﬂWWcsx 1 2|3y fies  Josx
MSKPhox | [57 2| e fesx EWI““_W-
| o o Tl
I o ol o Y | o ol o
[ | sifm s fosx —d 25| [ fiosr [oSX .. Channet !
[57 [ s fres— [raw— fJesx 26 [sss  foost  fosx . Pisamox [
) o Tl O T
o | s o x| e o
o [ e e 2| e 6. sider e
Bl i fw fosx o uffmr s fox . Comen | oW
[ | sefpas o fosx —d mlfme fmor X - coumeris | T |
R O = T | ol ol = S :
| (o oo eox [ tmber
e 5| [see fesa  fesx —d 3sffe [ .
e e I o o o A |l
e Lo | e NPT | ol )
cowpvan | | I Fm o mlF b
MSK Pbox | (53 Ao fao fesa fosx s o
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HBIX, COIEpX I S MOJHYI0 MH(OPM LHIO O BCEX MIOOHHBIX CUETYMK X, BKJIIOY IO-
IIYI0 3H YEeHHUs H NpPsSKEHUH W IOPOroB AUCKPUMHUH LIMM CHIH JIOB K K H ubojee
B KHBIX I P METPOB. 3 TeM ObUIM CO3[l Hbl IIPOTP MMBI JUIS JIOK JIbHOW p Ooueil
ct HuuH rpynnsl OMAN ¢ ucnons30B HEEM S3BIKOB MPOrp MMHPOB HHA Visual
Basic u C++: PisaMon mng cuctemsl ¢t poix cuetynkoB U «CCU Monitor Joint
Terminal» st HOBBIX cyeTunkoB (puc. 35) [143]. Dty nporp MMBI O3BOJIMIIN JIH-
CT HIIMOHHO YNpP BIISITH H IPSKEHUSIMH U BEJIMYUH MU ITOPOTOB OTCEUYKH CUTH JIOB
H ODY Bceil COBOKYIHOCTH MIOOHHBIX CYETYMKOB. T KuM 00p 30M, BCE Y4 CT-
Huku sKkcrniepumenT CDF or OUSIHN, umeBiue CT Tyc ®KCHEPTOB MO MIOOHHOH
cucreMe, MOMyYHIM HEOOXOMMMBIH MHCTPYMEHT WIS NPOBEPKH BCEX CUETYMKOB M
Ollep THUBHOIO YCTP HEHHs MpoOisieM, CBS3 HHBIX ¢ HUMH. OIH U3 CIIOXHOCTEH 3 -
KJTII0Y J1 Chb B OOBEAMHEHUH JBYX IPHHLMIIN JIHO P 3JIMYHBIX CHCTEM «CT PBIX» H
«HOBBIX» CYETUYUKOB H OIHOW p OOYEH CT HIMU, HO OH ObLI YCIEUIHO pelleH .

Crenytoumm T nom 6bu10 co3n Hue nporp Mv B SCADA-cpene iFIX, ko-
TOpBIE IMO3BOJIUIM COBEPII Th KPYIIOCYTOYHBI BTOM THUYECKHI KOHTPOJb H I
I p METP MH BCEX MIOOHHBIX CUETYMKOB C LEHTP JIHOTO IyIbT YIP BJICHUA
CDF, SCADA-cpen iFIX — smnensuonsuslii m ket nporp MM or GE Fanuc
(http://www.gefanuc.com). Ilog TepmuHom SCADA NOHUM 10T UHCTPYMEHT Jib-
HYIO cpeny Uit p 3p OOTKH IPOrp MMHOIO oOecriedyeHus: CUCTEM yIp BJICHUS TeX-
HOJIOTMYECKUMH MPOLIECC MU B pe JIbHOM BpeMmeHH. I1 keT BKIIoY eT B cebsi MO~
HBIH Tp (puyeckmii wHTEep(eiic, BCTpoeHHbI UHTeprpeT Top Visual Basic, 6 3y
I HHBIX. Bce JIOK JIbHBIE KOMIBIOTEPBI, OOCIYyXHUB IOIIME P 37IMYHBIE CHCTEMBI
CDF II, H xotopsix ycr HOBieH iFIX, ObuUTH OOBEIMHEHBI B €OUHYIO CETh.

3 tem Jiok JbH 4 iFIX-cucteM ObUT MHTErPUPOB H B MO0 JIBHYIO CUCTEMY
monutopunr CDF. K xnplif cepsep, MpeACT BISIOLINNA ONPENETIeHHYI0 CHCTEMY
aerektopoB H CDF II, 6su1 BKiIOUeH B oOmiyo cetb. H mysnpTe ynp BieHus
yer HoBKM CDF II BU3y 53 LU IT p METPOB OT BCeX CHCTeM ObUT  OObeOUHEH |
BBIBEJEH H HECKOJIbKO MOHUTOPOB. Ornep TOpBl H IyJIbTe KOHTPOJS MOIyd JIK
BCIO TEKYIIyI0 MH(MOPM LM O H NPSXKEHUH, KOTOp S OTp X eTcd H TIp ude-
ckux 1 Hengx GLOBAL ALARMS u HIGH VOLTAGE SUMMARY (puc. 36),
U MOIJIM BOBpPEMs 3 METHTh M3MEHEHHUS! K KHUX-JIMOO I P METPOB CHCTEM, IPHBO-
AKX K 3 THCH HETOCTOBEPHBIX ®KCIIEPUMEHT JIBHBIX JI HHBIX.

Cucremsl, 06031 ueHHble K K CSP, CSW, CSX, MSK, BSU, TSU, 3 uuMm 1u
3H YHTEJIbHYIO JIOMI0 OT BCeX AeTeKTupymomux cucteM yct HoBku CDF (puc. 36).
3eseHbId LBET HPSMOYTOJIbHUKOB M CTOJIOMKOB O3H 4 I, YTO H INPSKEHUE MUT HUS
y CHUCTeM H XOAUTCA B Ipeaen X HOpMbl. Eci BO3HHK JIM OTKJIOHEHHS, TO MEHS-
JIMCh IBET U BBICOT CTOJIOMKOB (KeNThI — HEOOJIbIIIOE OTKIIOHEHHE, KP CHBIH —
6oJIbIIOe OTKJIOHEHHE), T KX€ BKJII0Y JIOCh 3ByKOBOE OIOBEILEHHUE.

K nonosHUTENnsHBIM NI P THBIM CPEJICTB M KOHTPOJISL U YIP BIEHHS OTHO-
CHJI Cb V100 JIBH s cucteM «Voltman», OTCIeXuB oIl s Koyie® HHsl YCT HOBJICH-
HOTO OIOPHOTO H MPSIXEHHd MCTOYHMKOB BBICOKOTO H mpsikeHHd «GammaBox».
B ciyd e BbIXO@ 3 P MKH AOIYCTUMOTO MHTEPB JI 3H YEHWH H IIy/IbTE Olep -
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Puc. 36. I'p ¢uueckne n Hermm B SCADA-cpene iFIX, ucnonb3yeMpie B KOMH T€ KOHTPOJSI
ycT HoBKM CDF, 11 MOHUTOPUHT H NPSXEHHS IUT HUS P 3IMYHBIX AETEKTOPHBIX CUCTEM
(6emoii CrIIONIHON U MYyHKTUPHOH OOBEJEH CHUCTEM MIOOHHBIX CYETYHKOB)

TOP BO3HHK JI CHTH JI TPEBOTH. MOHUTOPUHT UCTOYHHKOB «GammaBox» sBisuics
B JKHOW COCT BIIFIOIIEN CHCTEMBI KOHTPOJII MIOOHHBIX JAETEKTOPOB CT POro MOKO-
nenud. Cuctem «Voltman» T KXe oTciaexuB J H npskeHue nut Hug CCU
(£5, £12 B), uro B X)HO 11 KoppekTHOH p 60Tei CCU — Kim0o4eBoro 3BeH
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B IIENIOYKE CHUCTEM KOHTPOJISI CYETYMKOB HOBOTO IOKOJeHud. Ilpum aTOM Bpems
06H pyxenus Heucip BHocTH 6;10Kk0B CCU cokp tuiock ¢ 30-50 go 1-2 muH.
B 2003 r. 61 06 BIEH I p TH S BO3MOXHOCTh AUCT HIMOHHOIO OTKJIIOYeE-
Hus ut Hug 6ok CCU (hard reset) K K 3(p¢eKTUBHOrO crioco6 BOCCT HOBJIE-
nud cs3u Mexay CCU u xomnbiotepoM. B 2007 r. 6pi1 106 BleH 1m p TH 4
BO3MOXHOCTb Ilepe3 rpy3ku mpoueccop 6mok CCU (soft reset). Heo6xomumocTs
BBe#eHMs soft reset ObUI TNPOOWKTOB H BO3HHMK BHIMMHM H NP KTHKE CIIyd SIMH
HEIOJIHOTO BOCCT HOBJIEHMS! HM3KUX H NpsokeHuil nut Hug 610koB CCU wu3-3
JOEUCTBUS p OM LUOHHOTO (POH TOCNIE LUK OTKIIIOYEHHS-BKIIIOUCHUS 3JIEKTPH-
YECKOU CETH.

BBenenne T KMX NI p THBIX BO3MOXHOCTeH, K K hard reset u soft reset, u
WHTETPUPOB HHE X B IIPOTP MMHYIO 00OJIOUKY CHCTEMbI KOHTPOJISI HOBOTO ITOKO-
JIeHus oveHb B XHO. [l mepe3 myck OJIOK HyXeH ObUI IOCTYI H yCT HOBKY,
KOTOPOTO MPHUXOAUIOCh OXHUJ Th HECKOJBKO CYTOK. IIpH 3TOM CTOUT H TOMHUTB,
yro oguH CCU muT eT BBICOKMM H mpsikeHueM 48 CUYeTYMKOB, KOTOPbIE COCT -
BJISIIOT NOYTH 7 % OT 0OIIEero KOJINYeCTB CYETYMKOB HOBOTO TOKOJIEHUS, 3 AeH-
CTBOB HHBIX H YCT HOBKE. B pe3ynbT Te mpouemyp pe HUM LM C HCIHOJIB30B -
HueM soft reset mnu hard reset cT 1 3 HUM Tb 3 MHH.

Bo Bpemsi ce HCOB ObUIO HEOOXOAUMO OCYILIECTBISTh HENpPEPhIBHbIA KOH-
TPOJIb BBICOKOTO H MPSXKEHHUS JII BCEX CYETYMKOB. K XHTOMy OTHETBHOMY CYeT-
YUKy IPUCB UB JICS ONpeneieHHblid cT Tyc. I CYEeTYMKOB CT poOro MoKoJe-
HUS OBIIO MPEIYCMOTPEHO ISTh B PU HTOB COCTOSTHMS (CUETYMK OTCYTCTBYET, MH-
topMm 1M C YCTpPOMCTB HE MOXET ObITh HPOYMT H , U3MEHEHHE H HPSIKEHUS
menee 3 %, usMeHenue H npsikenust ot 3 go 10%, ck 4oK H mpskeHus 00-
nee 10 %), A1 CUETYUKOB HOBOTO TMOKOJIEHUS — YeThIpe (CUETYHK OTCYTCTBYET,
UHGOPM LU C YCTPOMCTB HE MOXET OBITh NPOYMT H , U3MEHEHHE H IIpsiKe-
HUS OTCYTCTBYeT, M3MEHEHHE H NpsKeHHsl NpucyrcTByer). Hexoropsle B pu-

HTBI CT TyC (POPMHPOB JIM ONpEIeIeHHbIl CUTH JI TPEBOTM IOCPEICTBOM 3BY-
KOBBIX WM BM3Yy JIbHBIX (M3MEHEHHE LBET ) CHIH JIOB H IIylbTe YIp BICHUS U
kouTpons yctr HOoBKM CDF II. HMHuTepdeiicsl mporp MM KOHTPOJS H HPSXKEHUH
U1 CUCTEMBl MIOOHHBIX CLMHTWUIILMOHHBIX JerekTopoB CDF II Gbutn H mu-
c uael B cpene iFIX (puc.37) [143]. I'm BH 4 m Hemb (puc.37, ), MOCTOSHHO
oToOp X foml sicd H JIOK JibHOH DBM — MuonMain, oTp X 71 TeKyuyio 00-
mylo MHGOPM LU0 000 BCEH CUCTEME MIOOHHBIX CUETYMKOB: COCTOSIHHE JEeTeK-
TOPOB, CYETYHMK MPOOJIEM, MOJHOE KOJIMYECTBO JETEKTOPOB, BKJIIOYEHHBIX B CH-
CTeMy MOHHUTOPUHI , BKJIIOUCHHE B P 37IMuYHBIE Tpurrepel, cT Tyc «Heart Beat»
(OTKJINK CHCTEMBI H 3 IIPOCHI NI BHOTO CEPBEP ), M KCHM JIbHBIE U MHHHM JIb-
Hble OTKJIOHEHUWS 3H YeHWH H NPSDKEHUS NMUT HHUS OTHOCHUTEIbHO HOMHH JIBHBIX.
Kuonku «CCU High Voltage Control» u «PisaBox High Voltage Control» Bbi-
3bIB JIM OJHOMMEHHbIe moarnporp Mmel (puc.37,2 u 0). Knonk «Muon PSM
Alarm Page» BbI3bIB J1 IOANPOrp MMy KOHTpOJs H npskeHuil mut Hus CCU
(12, 5, -12, -5 B), xaonk «Reset Database» mepe3 rpyx i1 6 3y A HHBIX,
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eciu 1o Heobxoaumo. [Iporp v MuonMain ¢ onpeeneHHON TepUOIHIHOCTHIO
3 IycK J1 [B€ HPOrp MMbI YTEHMS H IPSXEHUd H CYETYMK X CT POro U HO-
Boro nokosieHnii coorsercTBeHHO: PBoxCheck.exe (puc.37,6) u CCUCheck.exe
(puc.37,6). Ix 3 1 4eii ObUIO CYUTHIB Th H TPSIKEHUS U C MIOMOLIBIO OIPENIesIeH-
HBIX JITOPUTMOB Cp BHHUB Th MX C T OJIMYHBIMHU 3H YCHHUSIMH. Pe3ynbT ThI Cp BHe-
HUSl 3 NUCBIB JIUCh B (p Wbl ¢ p cluupeHHeM «.og», KOTOpble COlepX JH WH-
tdopm o mo kx xgomy CCU wmmu «PisaBox» W CT Tyc BBICOKOTO H TIpsiKe-
HUS (B NPOLEHT X) UL BCEll COBOKYHNHOCTH CYETYMKOB OIIPEelIEeHHOro THII .

u
ST
o

Attention!!! Please, stop any work during Pisa Boxes checking!
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Puc. 37. Uurepdeiic 1ok npHBIX nporp MM, co3n HHbIX B SCADA-cpene iFIX a1 MoHu-
TOPUHT H MPSKEHHS MUT HUS CUCTeMbl MIOOHHBIX cueTuynkoB CDF I1

B okcnepumente CDF 6bUto NpUHATO Clieiyiollee Ip BWIO OIpeIeneHHs
DTOTO CT TYC : M3 BCEH COBOKYIHOCTU OOH PYXEHHBIX OTKJIOHEHWH 3H YeHHH H -
NpSKEHUsT OT HOMHUH JIbHBIX OIPENesjioCh MUHUM JIbHOE U M KCHM JIbHOE 3H -
YeHUs B MPOLEHT X, A Jiee nmporp MM MuonMain cuuTeiB 1 0oOHOBIIEHHBIE log-
¢ iel ¥ m3meHsm ot Tycel cucteM B O 3e m HHbIX iFIX. IIporp mMmbl ureHuns
MOXHO OBbLIO 3 IYCK Th BpyuHyIo, ucnonb3ys kHonku «Check CCU» u «Check
PBox» cooterctBeHHo. C momomnipio KHonok «CCU Update» u «PBox Update»
obHoBs 6 3y 1 HHBIX iFIX, Mcronp3ys nmocnegHue pesysbT Thl MPOBEPKU H -
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NpsikKeHuss H cyeTyrk X. OYHKIWUM YTeHWs, IPOBEPKH M OOHOBIEHMS J HHBIX
MOXHO ObUIO OTKJIIOYUTDH C IIOMOIIBI0 COOTBETCTBYIOIIMX KHOIMOK, P CIHOJIOKEHHbBIX
H JI 9TUMH OILMSIMH, IIPH 9TOM LBET 0OEMX KHOIMOK NPU OTKJIIOYEHHU (DYyHKIMU
ct HoBwicd xenThM. IToxmporp mmMel «CCU High Voltage Control Menu» u «Pis-
aBox High Voltage Control Menu» comepxX i WH(GOPM LU0 HETOCPEACTBEHHO
0 610k x CCU u «PisaBox». K X 4 KHONMK H UX I HEIIX COOTBETCTBOB JI
koHkpetHoMy CCU wmmu «PisaBox» u Morm ObITh OKp IIEH B OJUH W3 YEThI-
pex uBeToB: 3eieHblil (cT Tyc «OK»), cepslit (cT Tyc «Mask»), XenTsli (cT Tyc
«Warning») 1 Kp cHbIN (CT Tyc «Alarm»).

Benble XB Ip THI, p CIOJIOXEHHbIE P4IOM C K XIOH KHOIKOH, MO3BOJISIH
«M ckupoB Tb» CCU mwmm «PisaBox», mocie yero 1 HHOMY OJIOKY IIPHUCB UB JICS
cr tyc «Mask». OH 03H 4 JI, 4TO 1 HHOE YCTPOMICTBO HE Y4 CTBOB JIO B MO-
HUTOPUHIE U 11 B JIO BO3MOXHOCTh ycT HOoBKe CDF mpomomkurs 3 mmchk aKcre-
PUMEHT JbHBIX A HHbIX. Ilo cp BHeHMIO ¢ p HHe#l Bepcueil m Henu (puc.36) B
HOBYI0O Bepcuio Obuti BBemeHbl KHONKU «Power is ON/OFF», obecnieuuB roiue
auct HupoHHoe obectounB Hue BSU- u TSU-cueTYnKoB mocpencTBoM OTKITIOUE-
HUS cooTBeTcTBYIomMX Ooxos CCU.

I'pymn  OMAM BHeca 3 MeTHBIM BKJI I B CO3 HHE M P 3BUTHE CHUCTEMBI
KOHTpOJIsi MIOOHHO# cucteMsl yct HoBKM CDF II. Bo-niepBbix, OblT1 cO31 H cH-
CTEM KOHTPOJII U MOHUTOPUHI , OTCYTCTBYyWOII 4 H oT ne Run I. Bo-Bropsix,
1 yBEJIMYEHHsS CKOPOCTH BOCCT HOBJIEHHMS B CIIyd gX cboeB B p Oore GJIOKOB,
yIp BISIOMMX H NPSDKEHHEM H MIOOHHBIX CUETYHK X, ObUTH 100 BIIGHBI M BHE-
JpEeHbl NOINOJHUTEbHBIE III P THBIE BO3MOXHOCTH, B 4 CTHOCTH, Iepe3 Ipy3K
yun-koHTpoiwiepoB CCU (soft reset), auct HumoHuoe obecrounB nue BSU- u
TSU-cueTunkoB uepe3 oTkimoueHue coorercTBytonmx 6;10koB CCU (hard reset).
B-Tpetpux, ms 6onee 1moaHOro WHGOPM HUOHHOTO KOHTPOJIS OBUTM BHEOPEHHI B
OOIIYI0 CHICTEMY MOHUTOPHHT JI HHbIE TPOBEPKH KOMMYHHK THBHOM CBSI3M MEXIY
JIOK JIbHBIMH M IIMH MU M IJT BHBIM CEPBEPOM B P MK X IVIOO JIBHOW CHCTEMBI MO-
HUTOPUHT — cT Tyc «Heart Beat», T KXe KOHTpOJb 3 CcOCTOsIHUEM OJIOKOB, 00-
CIIyXUB IOIIUX MIOOHHBIE CUETYUKH, cucTeM «Voltman». B-uerBepThiX, ObLIO CO-
31 HO HOBOE IPOrp MMHOE obecrieueHue I ynp BJSHUS U KOHTPOJIS I P METPOB
CUMHTWUIALUOHHBIX CYETYHMKOB MIOOHHOTO TPUITEP , B TOM YHUCIIE€ HPOTP MMBL,
H nuc HHble H ocHoBe I keT iFIX 5.0 (¢pupm GE Fanuc) mig BkiroyeHus
cucreMbl B 06 JibHYI0 cucteMy mMoHutopunr ycr HoBku CDF II. HoBoe mpo-
Ip MMHOe oOecrieueHue YYUTHIB JIO BCe H p OOTKM M 3 M€Y HHs, BO3HHKILIHE C
2001 r., ¢ MOMEHT 3 IYCK MepBOil BEPCHU IIPOrP MMHOIO OOECIIeUeHUs.

4.3. Tpurrep H 0oCHOBe KPeMHHEBOI0 BepIIMHHOTO AeTeKTop (SVT). OT60p
COOBITHIT 110 NPU3H Ky BTOPHYHOM BEPLIMHBI SBISETCS Kp HHE 3(pheKTUBHBIM IS
OTHOCHTEJIBHO JIOJTOXUBYIIUX B-Me30HOB U B-6 puoHoB. [ HHBIA THII TpHUITEp
103BOJIsIeT 9(pPeKTUBHO U3y4 Tb B- u D-usuky, T KXe oTOMp Th COOBITHS VISt
U3y4eHus t-KB pKk uinu 6030H Xurrc . BriepBble B HCTOPUM JPOHHBIX KO/ M-
JEPHBbIX 9KCIIEPUMEHTOB M3MEPEHUs IPULIETBHBIX I P METPOB TPEKOB C IMOMOLIBIO
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KPEMHHEBOTO JIETEKTOp MO3BOJIMIN BBIIETUTh H TPUITEPHOM YPOBHE COOBITHS,
cofepX Imue B-Me30HBl U JIPOHBI, YTO MO3BOJIMIO HU3YYUTh MHOXKECTBO MpOIEC-
COB C b-KB pPK MH.

SVT-tpurrep, co3n HHBIN npu y4 ctum rpynnsl OMSAN B p MK X 3KcrnepH-
meHT CDF, gBngercd ycTpoWCTBOM A JBYyXMEPHOH PEKOHCTPYKLUM TPEKOB 3 -
PSCKEHHBIX U CTHII B peXuMe on-line, KOTOpoe UCIIOIb30B JIO I HHbIE C KPEMHH-
esoro BepunHHOro jgerektop (SVX II) m ¢ neHrp jibHOH ApeiioBoil K Mepsl
(COT). ®usnueckum 060cHOB HueM 1 npuMenenust SVT mociayxun Heobxo-
JUMOCTh BBIJIEJICHUS] BEPLIMHBI P CIT I B-ME30HOB 0 MPUHLKIYY OTOOP TPEKOB
¢ OOJBIIMMH MPULETBHBIMU I p MeTp MH. C MOMOIIBIO MOJIETTMPOB HUS OBLIO T10-
K 3 HO, YTO BBIIEJICHHE MPULEIBHBIX II P METPOB TPEKOB H TPUITEPHOM YPOBHE
I €T BO3MOXHOCTb UCIIOJIb30B Th 4 CTh IIOJIOCHI IIPOIYCK HHUS TPUITEP YCT HOBKU
CDF gng 1 60p CT TUCTUKM APOHHBIX MOA B-p ci 0B, HMeHHO B — 7m u
By — Dgm, KOTOpBIE FBISIOTCS UCKITIOYUTENFHO HHTEPECHBIMU U1 U3Y4EHUS H -
pyweruss CP-uetTHocTH M Bg-CMEIINB HUS.

Kpemuuessiii Bepmunnblii Tpurrep (SVT) Bxomun B coct B Tpurrep CDF
2-ro ypoBHs. OH HOIyY J1 KOOPAUH Thl XUTOB (OTKJIMKOB IUI CTHMH KPEMHHUEBOIO
JIEeTEKTOp H MPOXOXAEHHE 3 psSkeHHbIX 4 cTul) oT SVX Il um p MeTpsl TpeKoB
ot 6bictporo Tpurrep mnepsoro yposHs (XFT), KoTopblii BOCCT H BJIMB JI TPEKH B
COT. PekoHCTpyKIIUSl TpeK BBINOMHST ¢b SVT B INIOCKOCTH, MOMEPEYHON K OCU
mydK . Bpems BbIp GOTKHM pelreHus TPUITEPOM 2-TO ypoBHS ObUTO OKO0 20 MKC.
Crosnp M j10e BpeMsl NpUHATHS peueHus Tpe6os 10 oT SVT 1 p JuIelbHOTO BbI-
MOJIHEHUS P 3HBIX 3 [ Y, B U CTHOCTU BOCCT HOBJIEHUS KOOPAUH T XUTOB M3 P C-
IpesiefieHld CUTH JIOB B KpeMHMeBbIX cTpull X SVX II, p cro3H B HHA HOpOXEK
TPEKOB M (PUTUPOB HUS I P METPOB TPEKOB C BBHICOKOIH TOYHOCTHIO.

s tummaaoro tpurrep H ocHoBe SVT TpeGoB JloCh H JIWYHE BYX Tpe-
KOB ¢ pr > 2 IeB/c? or XFT. H 1-m yposne XFT-Tpurrep oXum eM o 4 -
cror ~ 30 kI, korop s m 11 a0 ~ 30 ['m mpu 106 BIEHWH OTp HUYCHHI
H [OpuuensHsie I p MeTpsl TpekoB (100 Mxm < |di],|d2| < 1 mm). SVT pe-
awicds H 12 ooMH KOBBIX CEKTOPOB, p OOT IOIIMX II P JUIEJBHO M HE3 BUCHUMO.
I HH 9 pXMTEKTyp BO3HUKJ On rox ps reomerpuu gerekrop SVX II, koro-
pblid T KXe uMeln 12 MAEHTUYHBIX CEKTOPOB MO 3UMYT JIbHOMY yriy. st oOp -
60TKM MHGOPM MU ¢ KPEMHHEBOTO JETEKTOpP M BOCCT HOBIeHMS TpeKoB SVT
1 B joch He Gonee ueM 10 Mkc. OCHOBHBIMU (PYHKLIMOH JIbHBIMU OJIOK MU TpHUI-
rep SVT asnanuce Hit Finders, Associative Memory, Hit Buffer u Track Fitter
(puc. 38).

s obecriedeHUs] BBICOKOW CKOPOCTH M THOKOCTH Jroput™ p 60Tel SVT
ObLT p 3[€7IeH H JIBE CT JUM: P CHO3H B HHME 00Op 30B TPEKOB C TPYOBIM p 3pelie-
HUEM TP UCIONB30B HUM OIOK  CCOLM TUBHOU I MATH (Associative Memory)
U BBICOKOTOYHBIN JIMHEHHBIA (PUT I P METPOB TPEK C MOMOUIbIO OJIOKOB (puUTH-
poB Hus TpekoB (Track Fitter). Ilpu K xmom orbope coObiTuil TpurrepoMm 1-ro
yposus curH bl ¢ SVX II moctyn nu B Hit Finders, KoTopslii onpenensn Koop-
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Puc. 38. Ilpunuun p 6ot Tpurrep SVT

JWH ThI NPOXOXAEHUSd Y CTULBI (T K H 3bIB €Mble «XHUTbl»). [l jiee aTH 1 HHbIE
mom 11 i B Associative Memory (AM) oqHOBpeMeHHO ¢ TPeK MU, BOCCT HOBJICH-
HoiMd B COT, rae BbINOJHSJICS MPEIB PUTEJIbHBIA OTOOP K HAMI TOB H TPEKH.
I HHBII OTOOP OCYLIECTBIISJICS [TOCPEACTBOM CP BHEHHMs ITOCTYII IOLIMX JI HHBIX C
H GopoMm 00p 30B TPEKOB, Xp HAUXCA B AM, mpuyueM JI HHbIE CP BHUB JIMCh CO
BCEMH OOp 3 MU OJHOBPEMEHHO IIPW IOMOIIHU CIIENH JIM3UPOB HHOTO 3JIEKTPOH-
Horo 6ok AMchip [144], 4To 3H uyuTenbHO COKp I JIo Bpema. OGp 3 Tpek B
AM mnpenct BIisi1 cO00i KOMOUH IHIO MSTH HOMEPOB «CYHEPCTPHUIIOB» C IISATH P 3-
anyHbix cioeB SVX II (SuperStrip — o6beauHeHne 4—5 cocelHUX KPEMHHUEBBIX
ctpunoB). [lepBbie 4 HOMEp OIpeesSUTUCh MPOXOXICHUEM 3 PSKEHHOW 4 CTHUIIBI
yepe3 SVX II, 5-if Homep — u3 (yHKIMHU, 3 BUCAINEH OT KPUBU3HBI U 3HUMY-
T JIBHOTO YINI TPeK , BOCCT HOBIIeHHOro anemeHToM tpurrep XFT mna COT.

Pesynbr TOM p GOTHI cUCTEMbl ccolM THBHOM 1 Mstu (Associative Memory
(AM)) (puc. 38) sBmsics CUCOK 00p 30B TPEKOB (IOPOXKEK), T KUX, T KOTOPBIX
KOMOMH 1M HOMEPOB CYIEPCTPHUIIOB OT [ HHOTO COOBITHS COBII 1 JI C 3 p Hee
3 mic HHOM B AM. JIyil ®KOHOMUM I MSATH IIpoLiecC p CIIO3H B HHS 0Op 30B Tpe-
KOB BBIMOJIHSUICS C MEHBIIUM P 3PELICHHEeM, YeM 3TO BO3MOXHO, H OCHOB HHUHU
CerMeHT LIMM BEPUIMHHOTO JeTeKTOp . P 3Mepbl cymepcTpuroB ObUIM BHIOD HEI
p BHbIMH 250 MKM JUIsl CIIOEB KPEMHHEBOIO JETEKTOp M 5° Uil 3UMYT JIBHOTO
yrn  [1], mmepsemoro XFT. K Xn 9 IOpoXK MOIT cojmepX Tb Ooliee OmHOU
KOOpIOMH Thl TPEK B P 3JIMYHBIX CJIOSIX, YTO IPUBOAMIO K KOMOMH TOPHOMY BO3-
P CT HMIO K HAUI TOB B Tpeku. YUciio 0Op 30B TPEKOB COCT BIIsUIO 32768 mist K -
KIOTO CEKTOP BEPIIMHHOIO AETeKTOp (3((eKTHBHOCTh H XOXAEHHUS TPEKOB —
95 %). Hoctuxenuto 100%-i1 2¢hpheKTUBHOCTH Mell JIO Orp HUYEHHE KOJIUYeCTB
00p 30B TPEKOB, T K K K U3-3 3(eKT MHOTOKp THOI'O P CCEMB HHS 4 CTHUI] BO3-
HUK JIO MHOXECTBO M JIOBEPOSTHBIX TP €KTOPUI, KOTOPbIE HE YYUTHIB JIUCh IIPU
co3n HUM 6 HK 00p 30B TpekoB. CIMCOK JOpOXeK, H HIeHHbIX B AM, moctyn 1
B «Hit Buffer», KOoTOpbIii U3BIEK J1 OPUTHUH JIbHBIE KOOPAUH THI TPEKOB IO CJIOSM
BEpIIMHHOTO jAeTeKTop U Tpeku oT XFT, cBI3 HHblEe C K XJIOH TOPOXKOM, AJs
mepex 4u Bcedl aToil mHopMm muu B Track Fitter. Tot, B cBOlO odepenp, BBIYU-
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CJIUT T p METPBl TPEK C M KCHUM JIbHOH TOYHOCTBIO Ul K XKIOH KOMOWH LMK
KOODAUH T TPEKOB BHYTPH JOPOXKH.

SVT-tpurrep Brepsbie 6b11 ucnonb3oB H H CDF II B okTa6pe 2000 r. B Te-
CTOBOM ce Hce. Bropoii ce HC H T®B TpoHe ¢ npuMmeneHueM SVT H 4 Jicsd BecHOM
2001 r. [145]. H H 4 napHOM 3T ne SVT (pyHKIIMOHMPOB 1 B peXUME UCIIOJIb30-
B HMA UH(OPM LUM TOJIBKO C KPEMHHEBOro BeplIMHHOro gerektop (SVX II) —
«silicon only». Ilpu 3TOM He MCHOJIB30B JIMCH [I HHBIE C TPUITEPHOTO IPOLIECCOP
(XFT) mpeiicpoBoit Kk Mepsl. Ilo cp BHEHHIO CO CT HI PTHOM KOH(UIYp LHEH,
KoH(uryp uus «silicon only» Opin  Gosee ci 6ol M3-3  yBenMYEHHs KOMOUH -
TOpHOrO (DOH ¥ XYOWIEero p 3pemeHus. B 4 cTHocTH, GBUIO ONpeneseHo, 4To
P 3pelleHre 1o MPHLETbHOMY 11 P METpPY cocT B0 ~ 50 MKM. Pexum p 60THI
«silicon only» 6bUT MoNIe3eH H H 4 JIbHOU T auu 3 myck SVT-tpurrep , B 4 CT-
HOCTH, ObIT 1poBepeH crnocobHocTh SVT H XOIUTh TPEKH 3 PSXEHHBIX Y CTHIIL.
B sToM pexume Ob1 mpoBepeH croco6HOCTh SVT H XOAWTh TPEeKH; H JIM4ue
y3koro nmuk B J HHbIX SVT 1ok 3 Ji0, 4T0 GOJbII S 0/ KOMOWH LUH XHUTOB
COOTBETCTBYET pe JIbHBIM TpeK M (puc.39).

NF T T T
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—400  —200 0 200 400
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Puc. 39. P crpenenenue cpsizeil (constraint) jis pexum «silicon only». Croms s -
HUS 0TOOp X eT pe jbHble SVT-1 HHblE, IyHKTUPH 9 — IOIy4YeHHbIE AT HPOU3BOIBHOM
KOMOUH LOUU XUTOB BHYTPU NOPOKKHU

4.3.1. Cm no pmn 2 kongueyp yua SVT. Ilpu p 6ote B CT HI PTHOH KOH-
¢uryp tuu SVT ucnosns3oB auck K K Xuthl ¢ SVX II, T k u 1 HHblEe ¢ XFT, npu
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BTOM IO Cp BHEHHUIO ¢ KOH(Uryp Imei «silicon only» ObUT BBIBIICH PS MPEUMY-
IIECTB: JOMOJMHUTENbH 1 WH(PopM 1ust ¢ XFT yBeIMUWB 1 TOYHOCTh BOCCT HO-
BiieHus1 TpekoB B SVT; ynyumenue p 3pemenus SVT mo3Boiawio ycT H BIUB Tb
Gosiee XecTkue Kpurepuu otoop U d(eKTuBHEe MO BIATh (POH.

Jns np BUIBHOTO (DyHKUMOHUPOB HHS TPUITEP HEOOXOAUMO ObLIO YYHTHI-
B Tb [IONP BKY IPHULEIBHOIO I P METP , BbI3B HHYIO CMEIIEHUEM OCH IyuK . P 3-
peleHre CKOPPEeKTUPOB HHOTO 3H YEHHs MIPULESIBHOIO I1 P METP B 3 BUCUMOCTHU
OT P 3MMYHBIX (p KTOpOB OBUIO JeT JIbHO M3ydeHo (puc.40) [146]. O6n crtu 6e3
TOYEK B P HOHE 3H YeHWH 3UMYT JIbHOTO yrm 2,2 p nu 4,2 p 11 CBI3 HBI C OTCYT-
ctBueM cekTopoB SVX II. DekT oT H KJIOH OCH IMy4K ObLT U3YYeH C TOMOIIIBIO
H xoxnaeHus coorsercTBus Mexay SVT-tpexk mu u COT-offline-Tpex mmu.
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Puc. 40. P cnpepenenue mo NpUIENbHBIM I P METP M B 3 BHCHMOCTH OT 3HMYT JIBHOTO
YIT U K HOMJ TOB B Tpeku ¢ x> < 10 mist cr Hy prHoit SVT-KoH(uryp mum: ) mepen
MONp BKOH H CHBHT IyYK ; 6) MOCNE MONpP BKM H CHABHT IyYK

B K 10M coObiTHH, B KOTOPOM MO Kp HHEW Mepe OOuH TpeK ObUl H ii-
aedH 1 B SVT u B COT, Gbutn p ccMoTpeHbl Bce KoMOuH 1un Mexay SVT- u
COT-tpex Mu. 3H 4YeHHs HOJNAPHOIO yII U KPUBU3H TpeK , HOCYUT HHbIe B SVT
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n B COT H TperbeM ypoBHE TPHUITED , CP BHHB JIMCh MeXay coboii (puc.41).
Tpeku ObUTH NMPHU3H HBI COBII [ IOLIMMH, €CJIM 3H YEHHUE IIOJISIPHOTO YIJI COBII -
Jl IO ¢ TOYHOCThIO 10 Mp J, KpHUBH3H TpeK — ¢ TouHocThio 1074 cm~ L,
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1000

0 e e S s e A TS N e vt

—0.1 —0.05 0 0.05

p sl b b b b b b b

Agp, rad

b

12000
N
10000
8000
6000
4000
2000

0 o= Tl b b b T

—0.1 —0.05 0 0.05 0.1
Ac,m™!

Puc. 41. ) P 3nu4ue Mexay 3uMYT JBHBIMU YIIT MU TpeKoB, ocuuT HHeiMU SVT u mpo-
rp mmoit pexkonctpykuuu B COT, mig Bcex Bo3MoxkHbIX KOMOUH 1wt SVT- u COT-Tpekos.
6) P 3mmune B kpusm3He Tpekos oT SVT u COT, mig Bcex BO3MOXHBIX KOMOUH 1uid SVT-
n COT-tpekos

B nomonHeHue K H KJIOHY OCH Iy4K CYIIECTBOB JIM eIle B BKJI I B p 3-
pelleHne 1o MPHULENbHOMY II p MeTpy TpeKoB. OJUH M3 HUX — OTHOCUTENBH £
HETOYHOCTh B KOOPAUH THOM MOjI0XeHuu ceKTopos aerekrop SVX II. Dt He-
TOYHOCTD MPUBOAMI K TOMY, 4TO p 3nuuHble cektop SVX II «BumaT» mydok
B P 3IMYHBIX MECT X. DTOT 3(PpeKT KOMIEHCHPOB JICAd TeM, YTO OIIpeAeTeHue
IOJIOXKEHUSI OCHU MyYK M COOTBETCTBYIOIIME IOMpP BKM IS HPUIETBHOIO I P -
METp MPOBOMIINCH HE3 BUCUMO I K XIOro cektop . JIpyroil 3H 4HTEIbHBIN
apheKT — HETUHEUHOCTh, KOTOP S BO3HHK JI IIpU JIMHEHHON MIIPOKCUM LIUU
IUI1 BOCCT HOBJIEHHS II P METPOB TpeKoB. T K K K OCb IydK H XOOWI Cb [ -
JIEKO OT CBOEro0 HOMHH JIbHOTO HMONOXeHUd (~ 4 MM), a(hpeKT OT HeMMHEHHOCTH
6bUT GOJIBIIIE, YeM OXHJI JIOCh. IIpUYMHON 3TOTO OBLIO TO, YTO B JIMHEHHOM IPH-
OmKeHnH Npu (PUTHPOB HUM I P METPOB TPEKOB MPEATION T JIOCh HOMHMH JIBHOE
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MTOJIOKEHHE OCH IyYK . BBUTH BBENEHBI JBOIHBIC IMONP BKH, U B UTOTE OCT TOYH
HEJTMHEWHOCTh YXYAII J1 P 3pelleHHe M0 MPULETbHOMY I P METpy MeHee 4eM H
0,4 MKM.

ITocne kKoppekumii Bcex BBILIETIPHBEAECHHBIX 3(h(heKTOB U3 CBEPTKH P 3pelle-
HU4 SVT 1o mpHuensHBIM I p METP M TPEKOB C IUIOTHOCTBIO P CIIpedeIeHUs
B3 UMOJCHCTBHIA MONepeK OCH MydK (TpodryieM IMydK ) ObUTO MOIYyYEeHO p cIpe-
JeJIeHUe I10 IPULIETIbHBIM I P METP M TpeKoB B hopme I' ycc , 0 = 48 mxm [145];
s 1 HHBIX, H Op HHBIX H CDF B oktsa6pe 2001 1., w1 BIOOPKH, B KOTOPOI
H KJIOH OCH IydK cocT B ~ 0, O6b110 monydeno o = 40 MM (puc. 42).
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Puc. 42. P cnpegenenue mo MPUIETbHBIM I P METP M TPEKOB I K HIWJI TOB B TPEKH C
x? < 10 u pr > 2 I'sB/c

Be3 koppekumii mid JIUTENBHOTO H OOp /I HHBIX P 3pelIeHHe COCT BWIIO
69 mxMm. H nnydinee 3 4eHue p 3peleHus] MO MPHULEIBHOMY I p METPYy TPEKOB
(npu H kJIOHE ocu yyK ~ 0,8 Mp 1) IIOCJIE BBHIIIOJIHEHUS OCT JIBHBIX KOPPEKLUI
coct BIWIO 58 MKM. Bk a p 3mu4HbBIX 3(hhpeKTOB B p 3pelIeHHe MO MPHLETb-
HBIM II p METP M TpeKoB ObUT ciegyomuii: 10 MKM IOJIyY JIOCh M3-3 H KIJIOH
OCH Iy4K , 6 MKM — H3-3 MOIpPEeIHOCTH B p cnosnoxeHun cektopoB SVX II u
5 MKM — u3-3 (et HenuHeiHocTH. H mMimydmmii pe3ynsT T ObUT JOCTUTHYT
rpynmoii OUSIN B TectoBom ce Hce B okTa6pe 2000 T., KOrm Bce BO3MOXHbIE
HOIP BKM ObUIM BBINOJHEHbI, 3H YEHUs IUIS 3UMYT JIbHBIX YIVIOB U KPHBHU3HBI
OBUTH MOJYYeHBI H TPeK X, PeKOHCTPYHPOB HHEIX B off-line- H mm3e ¢ mydmmm
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p 3peuieHueM 1o cp BHeHHIO ¢ 3-M yposHeM Tpurrep (XFT) (puc.43). Anmpok-
cuM 1 p crpepenenueM ' ycc 1 i1 p 3pemieHne 45 MKM, YTO COINI CyeTcs C
P 3pelieHueM, NOoJyYeHHbIM NPU MojiesupoB Huu p 60tbl SVT.

N[ ]
120 - ]

100

80 -

60 |-
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20 |

0 lnllllnnlmnn-ﬂd-llllll irn Moy o |
—0.04 0 0.04

Impact parameter, cm

Puc. 43. P copeneneHue mo MPHIETHHBIM M P METP M TPEKOB C YIETOM BCEX IOMpP BOK
11 TecToBoro ce HC B okTs6pe 2000 r.

4.3.2. Monumopupoeé nue SVT. DpdextuBH g cucteM off-line-MoHUTOPH-
poB Husg SVT 6b1 co3n H rpynnoit OMAN B 2002-2003 rr. CucreM KOHTpO-
JUPOB 1 OCHOBHBIE p Goume m p meTpbl SVT exenHeBno. Kommieke mporp mm

BTOM THMYECKH 3 IyCK JICS K KOyl HOYb U 0Op © ThHIB JI BCE HOBBIE 1 HHBIE, IO-
CTYNHUBIIKME B KOHTPOJIBHYIO OUPEKTOPHI0O H JHCKe, 3 mocieaHue 24 4. [ng
K KIOro OTJAEJBHOro H GOp CO31 B JIMCh U H JIM3UPOB JIUCh M CCHBBI OCHOB-
HBIX BeJIH4HUH. I jee CO31 B JIUCh TP (PUKU U TEKCTOBBIA ¢ s, KOTOphIE 3 MH-
CBIB JINCh B CIIELM JIBHYIO JUpeKTOpHI0. TeKcToBbIi ¢ I COOepXUT Cleaylonye
1 HHble: umcno D°-Me30HOB, BOCCT HOBIEHHBIX B K H 1€ p cn g Km; 3H ue-
HUSl MUHTETp JIbHOM CBETUMOCTH H 6Op JI HHBIX U cedenus poxaenus DO-me3on ;
KOOpIMH Thl OCH IyYK ; 3H 4YeHHWe cpenHeil adpextuBHoct p 60Thl SVT; uncio
c6oeB B p 6ore SVT (U3 cp BHeHUs ¢ Mporp MMoii MojieniupoB Hust p 60tel SVT).

ITo okon4 HuM p 60THI MOHUTOPUHT oOff-line 3TOT ¢ T BTOM THYECKH p C-
cpi1 ercd wieH M SVT-rpynmsl. @ bl ¢ OCHOBHBIMHU I'p (DMK MU KOIUPOB JIHCh
B CIIEIH JIbHYIO JUPEKTOPUIO U CT HOBWJIUCH JAOCTYIHBIMHU /IS IPOCMOTP C web-
ctp Huubl SVT. Ecnu onuH 13 ocHOBHbIX I p MeTpoB SVT (KOOpAMH Thl OCH
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nyuk , a¢pdexrusHocts SVT, nonst cboeB SVT) BbIXxomwn 3 Mpenessl yCT HO-
BJICHHBIX TP HHI, TO P CChUI JINCh JOIOJHUTEIIbHbIC DIEKTPOHHBIE COOOIIEHMS
BceM wieH M SVT-rpymmsl. Co3n HHble coTpynHuk Mu OWAU cneun nu3upos H-
HbIE [POrP MMbI CUCTEMbI MOHUTOPUPOB HHsl 0Op O THIB JiM BCe ¢ ilIbl OTYETOB
U CTPOWIU TP (PUKM IOJIOXKEHUSI OCH NydK (puc. 44).
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—0.205/@8B - @i
0.42
—0.210 ‘ s :
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0.80

3d beam position vs. date (0 = January 1st 2003)
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= =
=0.50 = 0.20
= 045 = 01s
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Date Date

Puc. 44. TlonoxeHue ocu MydyK OTHOCHUTENbHO KoopauH T X, Y ycr HoBKU CDF 1 H KIiloH
ocH My4YK B 3 BUCHMOCTH OT BPEMEHH, U3MepeHHbIe ¢ moMotnsio tpurrep SVT

CucrteM T1OK 3 J BBICOKYIO CT OMJIBHOCTH p OOTBI B BTOHOMHOM pEXHME
U IIOMOT J1 OIep THBHO H XOAUTb U YCTP HSITh P 3JIMYHbIE IPOOeMbl B p 6ote
SVT. H psany c co3n HHeM KOMIUIeKC mporp MM 1o off-line-MoHUTOpHPOB HHIO
corpyrauk Mu OUSIN BHeceH cyiiecTBEHHBII BKJI A B p 3BUTHE On-line-MOHHUTO-
pupos Husg SVT. B u crtHOCcTH, ObUT P 3BUT mporp MM on-line-koHTposs Ob-
jectMon s H Gmionenus Bo Bpemsi H 60op 1 HHbIX H yctT HoBKe CDF 3 p 31mmu-
HBIMH OOBEKT MH «BBICOKOIO YPOBHSI» — CTPYSIMH B K JIOPUMETpPE, HEIOCT IoLIen
norepevHoi suepruei, J/v¢ u 1. 1. llporp MM ObUT [IOMONHEH BKIIIOYCHHEM HO-
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BOTO, P Hee OTCYTCTBOB BILEro, MOIYJS VI KOHTPOJIS 3 WHB PH HTHOW M CCOM
u cevenunem poxzaenus D°-Me3oH , BoceT HoBneHHOro H SVT-Tpek X (puc. 45).

ObjectMon #1 SVTMonitor Slide Show
Run:168600 Event: 446105 # of Events:3139 Time: Thu Oct 9 10:43:45 2003 Ref.Run:-1

D% invariant mass _Entries 1040 |
30

Events

25

20

15

integ. lumin: 48.5 nb—1

10

1.78 180 182 184 18 190 192 1.94
GeV/c?

Puc. 45. Ving pu utH 5 M cc D°-me30n , Bocer HoBieHHoro H SVT-tpek x. ITpumep
CIl #ii c Aucmies B KOMH Te KOHTpond 3 H 6opom g HHbIX H ycT HoBke CDF

T xxe 6pu1 p 3BUT Tporp MM on-line-konTpomns TrigMon mid H 6rogeHUS
BO BpeMd H 6op 1 HHbIX H ycT HOBKe CDF 3 p 3mM4HBIME OOBEKT MH «HH3KOIO
YPOBHS», B 4 CTHOCTH, ObLT BBEJIEH, BEIYUCIIAICSA M OTOOP X JICA CT TYC TEKYLIEro
cocrossaus SVT (puc. 46).

4.4. IIpekonseprop 31eKTpoM rHUTHOrO K jopumerp CPR2. Eme oaHoii
0011 cThio  KruBHOTO yu ctust OMSIN B uccienoB TeNbCKOM MpoOrp MMe H JIeTeK-
tope CDF 6p11 monu s 3 men cr poro gerektop Central Preshower (CPR) u
HoBblil (CPR2) BcnenctBue 3 MeTHO# 1moTepu 3(h(EeKTUBHOCTH IMEPBBIM U3-3 PO-
CT CBETHMOCTH T3B TPOH H, K K pe3ynbpT T, yBenumueHus ¢oH . Herektrop CPR
(puc.47) ycr HoBku CDF H 3T nme Run I B 0cHOBHOM HCIONB30B JICS U1 JOCTO-
BEPHOM UACHTU(UK LUH 2IEKTPOHOB. T KXe OH MO3BOJIHI YBEIUYUTH B 2-3 p 3
oAl BjieHWEe (POH OT 3 PSIKEHHBIX IHMOHOB, YTO Kp HHE B XKHO INPH HOCIEyIo-
meil WueHTU(UK MU 3JIeKTPOH mWId MedeHus b-ctpyil. HMcmonmbs3oB Hue peTek-
top CPR noBsicuno a¢pheKTUBHOCTh MAEHTU(UK MM OAWHOYHBIX (DOTOHOB (H
thore Me30HOB) B 0011 cTu dHepruil 6osbie 35 I5B. JleTekTop MO3BONMI yiTyd-
LIUTh DHEPreTUYECKOe P 3pelieHHe CTPYyH, YTo ObUIO OYEHb CYLIECTBEHHO I
MOUCK WM 3KCIIEPUMEHT JIbHOTO CYXEHHS! BEpPOSITHOTO MHTEPB J1 M cc 0030H
Xurrc [147].
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Knun xanopumerpa
(24 Takux MomyIns
Ha OJJHOH CTOpPOHE,
Bcero 48 Ha 00eunx)

[ DneKTpOMarHUTHBIN KalTOPHMETP

I Kameps! MaKCHMyMa 3JIEKTPOMAarHUTHOTO JIHBHS
3 IIpexonseprop CPR2

[ AnpoHHBIH KajgopumeTp

Puc. 47. Monyns noporo nerektop Central Preshower (CPR2) u ero p cmomoxenue
H CDF

Heo6xomiumocts MopmepHu3 1mu getekTop CPR BO3HHKI MO HECKOJIBKUM
npuunH M. B nepmon Run I Central Preshower 6 3upoB jici H OTHOCHTETIBHO
MEUIEHHBIX MPOBOJIOYHBIX IPONOPLUUOH JbHBIX K Mep X. C yBelIMYEHHEM CBETH-
Moctu 710 2 - 1032 eM~2-¢™! u unTepB 1 Mexay c6poc mMu 132 HC T KHe JeTeK-
TOPBI EPECT JIM CIp BJIATbCA cO cBoel 3 1 ueil. Kpome toro, 3 Bpemsa Run I

MIUTUTYl WMIIYJbC CHJIBHO YMEHBIIWI Cb M3-3 [erp I M CHUIH JIbHOH Ipo-
BOJIOYKU. HeoOXomuMOCTh YITyqIleHHs] HEPreTUIEeCKOro p 3pelieHus TpeOoB JI
YBEJIMYEHUS CETMEHT IIUHU TI0 TICEBIOOBICTPOTE — B HOBOM JETEKTOpPE OH BO3pO-
CJI TOYTUH H TopsaoK. s pelieHusi BO3HUKUIMX HpoOiieM ObUIO HPHHSTO pe-
mrende B HoBoM CPR BMecTO MpPOBOJIOYHBIX K MEp HCIIOJIB30B Th OoJiee ObICTphIE
CUMHTWUIALMOHHBIE TETEKTOPHI.

Hosbiit ierextop CPR2 6bu1 yer HOBieH H CDF B TeyeHue JUIMTENbHOM OCT -
HOBKHM T®B TPOH C KOHII BrycT Jio cepeauHbl HosiOps 2004 r. [148]. Hderekrop
OBUT CETMEHTHUPOB H IO MOJIIPHBIM KOOPAWH T M M cOOp H U3 CHUHTHUISIIMOHHBIX
w1 ctuH (T #noB) (puc.48) p 3mepom 125 x 125 x 20 MM k xx 5. CerocOop
OCYILECTBIISICS € TOMOIIBI0 criekTpocMern tomero (WLS) onToBosiokH , p 3Me-
IIIEHHOTO B crenu JibHOH (£2-00p 3HO#) K H BKe H moBepxHoctd T i . Illects
HOIOOHBIX T WIIOB, P CIIOJIOXEHHBIX B 1B Psil , 110 TPU E€IUHHULBI B K XJIOM MOJ-
HOCTBIO TTOKPBIB JI OJIMKHIOI K OCH MYYK ITOBEPXHOCTh OMHOU O IIHU IEHTP Jib-
HOro K jopuMmetrp . JeTekTop ObUT cOOp H W3 MOmyNed, K KIbIi U3 KOTOPBIX CO-
crostm 3 54 T iinos. Beero 6pu10 co30 HO M ycT HOBIEHO 48 T KHMX MOIyJel Mo
YHCITy CEKTOPOB LEHTP JIBHOIO K JtopumeTp . [locpencTBoM onTHYecKUX BOJIOKOH
CBET C T IJIOB TP HCIIOPTUPOB JIC H CIIELU JIbHBIA ONTUYECKUU P 3bEM U [ Jiee
yepe3 CIelH JIbHBIA ONTOBOJIOKOHHBIA K Oerb mom a1 1 H 16-K H jJbpHBIH DY
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«Hamamatsu» R5900-16 [149]. Hzrorosnenue nerekrupymorero anemMedT CPR2,
T ¥JI0B, U KOHTPOJIb UX K YeCTB (CBETOBBIXOH ) OBUIM MOPYYEHBI KOLT OOp Iuei
CDF rpymnmne OUSIHN.

~5M 125 mm
Hepexo/:[ OT COEKTPOCMENIAIOIIETO

Ha Mpo3pagyHO€ BOJIOKHO

Puc. 48. CunHTWIIALMOHH 4 11 cTuH (T ilm). CxeM p crosoxenus 54 T ijIoB B Mozyiie

4.4.1. H320moeéaenue npomomunoé m iiaog. Corpyauuk mu JISIT Obu1 BBI-
MIOJTHEH OOJBIIOi 00BbEM H YYHO-HCCIIENOB TEIbCKUX U ONBITHO-KOHCTPYKTOPCKHMX
p 3p 6orok (HHUOKP), B pe3ynpr Te xoropeix B OUSIM 6bi1 co3m H TexHO-
JIOTUS. H Pe3KH T WIOB M3 OONBIIMX IUI CTUH C HOCHenyolneil o0p 60TKoi Mx
rp Heil. C yuetoMm B xHocTu A HHoro T 1 HWOKP nBe mn cTusBl p 3MepoM
1800 x 450 x 20 mm K xu s 6putn oTrip BiaeHbl B INFN (ITu3z , Ut nust) u B Fer-
milab juist ;y6nMpoB HUS NPEAB PUTENBHBIX P OOT IO HCCIIENOB HUIO MX CBOMCTB.
B urtore 6pu11 BoIp 60T HBI CTPOTHE TEXHOJIOTMYECKHE PEKOMEHJ IIMU IS OTIBIT-
Horo npoussoacTs (OIT) OMAUN — ontum JbHBIA peXuM pe3Kd U MOCIeAyIoN] 5
06p 6OTK rp Hel ((ppe3epoB HUE, YUCTOB s MUIU(POBK ). DTO MO3BOIMIO H pe-
3 Th OIBITHYIO I PTHIO T iIoB B KonuyectBe 100 emunmir aBymsa cepusmu (55 u
45 mT.) IS MPOBEPKH COOTBETCTBUS JIMHEWHBIX P 3MEPOB P 3MEp M, 3 I HHBIM
B JOIYCK X H 4YepTrex X. M3MmepeHHs IPOW3BOMMINCH C MOMOIIbI0 HU(PPOBOIO
mukpomerp «Mitutoyo» HDS-G30. Ilo pe3ynsT T M npoBepKH HEpBOMl I PTUH
(55 wT.) OBUIM CKOPPEKTHPOB HBI JONMYCKHM H 00p OOTKY H pe3 HHBIX T WIIOB.
H3mepennsa p 3MepoB BTOPOM KOHTPOMBHOM N pTUH (45 IUT.) TOJHOCTBIO IMOA-
TBEPIWIU 1P BUJIBHOCTH BHIOp HHBIX I P METPOB pe3ku U oOp Gotku. Il see a1
T el ObutH OTHp BieHB! B Fermilab u INFN g myOGrmupoB HUSL KOHTPOJIBHBIX
WCCIIEI0OB HUM M OKOHY TEJIbHOTO BHIOOP ONTHM JIBHOW KOH(HUIYp MM K H BKH
st ontoBoimokH . D1 1 HUOKP B OUAHN, FNAL, ANL u INFN no3Bonun H 4 Tb
M CCOBO€ MPOM3BOACTBO T HiIoB [150].

Crnenyer or™erutb, uto H 9T ne HUOKP Gbutn mpoBeseHbl Cp BHUTEIIb-
HBIe HCCIENOB HUS CIMHTHUILHOHHBIX IUT CTHH P 3JIMYHBIX IPOU3BOIMTENEH:
MINOS, OUsIH, ITEP Group, BICRON. OUSHN npeact Bissl CUMHTUILISILUOH-
Hele 1 ctiHel H ocHoBe UPS 923D npoussoacts HHUO III'K HTK «Huctutyr
MoHoKkpucT juoB» HAH Ykp unel (X ppkos). 1o kputepuio «cBeTocOop—LeH »
ayuinuid pe3yast T 1ok 3 J1 UPS 923D. On u Gbut BEIOp H B utore (puc. 49).

CroxHOCTb p GOT Onpenessy Cb Ype3BblU HHO KECTKUMHU BPEMEHHBIMU OTp -
HUYEHHUSIMH: MeHee yeM 3 3 Mecsdll TpeOOB JIOCh M3rOTOBUTH U OTIIP BUTh B
Fermilab 6onee 2800 CUMHTWUIIIMOHHBIX T iyoB. s pemieHus oTOH 3 I 4M
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Puc. 49. Cserocbop (cnekrp ¢ ALII) T itnop BICRON 408 u Dubna (c 4 BUTK MU He-
3 3epk JjieHHoro onrtoBoslokH WLS PolHiTech, ynoxeHHOro B mpsMOYyrojbHyl K H BKY
IyOMHOM 6 MM) oTiiMY eTcsl He Oojee yeM H 5 %

OblI0 H 4 TO n3rorosieHue T iios B OUSIH ¢ ofHOBpeMEHHBIM HCIIONB30B HUEM
[IPOU3BOJCTBEHHbIX MoOIIHOCTEeH «HMHcTuTyT MOHOKpHCT jutoB» HAH Ykp unbl
(X pbKOB).

4.4.2. Memooux koumponsa Kk wecmeé m ua08. C ydeToM TOrO, YTO CBET
OT T i1 TPOXOIUI 3H YUTENbHOE p ccTosgHue Jo0 DBY (1o 5 M), TpeboB HUE 1O
cBerocbopy cocT B0 He MeHee 18 doroanekTpoHoB (¢.s.). T K K K U3roTosie-
HHMEe K H BKH 111 WLS-onToBo/IOKH 1porcxonuio nepen coopkoit momyins CPR2
H tepputopun CIIA, 3 1 yeit OMSAU H MomeHT npousBoactB B [lyOHe u B
X PpBKOBE SIBIISUTOCH OIpejiesieHne HeoOXOMMMOro cBerocbop T i 6e3 K H BKH.
CyTbh METOOVMKH COCTOSUT B CJIEAYIOLIEM: BH 4 JIe M3MEpSUICS CBETOCOOp METOIOM

6comoTHO# K OpoBkH [151] mpu nmomorm WLS-onroBonoka u ®@DY, H BTO-
pom ot ne @DY ObUl NPUCT BJIEH HEIOCPEACTBEHHO K OJHOMY U3 Y3KHX TOPLIOB
T in . Il poBeieHUs KCCIIeOB HUii ObUTO M3rOTOBIIEHO HECKOJIBKO POTOTHUIIOB
T IJIOB U3 CUMHTHW/UTALIMOHHBIX IT CTHH P 3HOTO K 4ecTB . T KXKe HCIOb30B JICA
P AMO KTHBHBII MCTOYHUK Yepe3 KOJUIUM Top au MeTpoMm 1 mm. Mcrounuk yer -
H BJIMB JICS NEPIEHANKYISIPHO OOJBIION MOBEPXHOCTH T M1 H (PUKCHUPOB HHBIX
p ccroguuax. ]l jee uaMmepsics HOMHBIM ToK PDY, mpuCT BIEHHOTO K y3KOH
rp HU 1 CTUHBL. Llenpio J HHBIX M3MepeHuit Obul BhIp GOTK OIOPHOIO I P -
MeTp I KOHTPOJS K YeCTB T HIJIOB, IPOM3BOAMMBIX B X PBKOBE.

TectupoB Hue nposomwiock B dyoHe, X ppkoBe u Fermilab mo H normu-
HbIM MeTomuK M. T K k k Oosee 1/3 00Iero KoJMYecTB T iJIOB M3rOTOBJIEHO
B OIT u JISIIT OUAUN, 61 p 3p 60T H U co3n H crenn (puc.50) mwisg nposene-
HUS KOHTPOJIbHBIX M3MepeHni. Mccnenyemslii T i1 momer Jjics B CBETOM30JIMPO-

104



B HHBIII KOpOO, B KOTOPOM P 3Me€Il JINCh AB TPHUITEPHBIX CUETUYUK P 3MEPOM
80 x 60 x 20 MM x xnupiii, ®DY u cBeroamon mid OCOMOTHON K JTHOPOBKH.
HccnenoB HUA MPOBOAWINCH C HCIONB30B HUEM IBYX p 3HbIX DPDY: EMI-9813
(«Electron Tubes Inc.», CILIA) u ¢otocencop H5783 H ocnose ®DY R5600
(«Hamamatsu», SAnonus). ®orok tox EMI-9813 3 KpbIB jicd uepHOW OyMm roi
¢ oTBepcTHEM nocepennte. [lu MeTp 3Toro oTBepcTHs (8 MM) p BHSUICS AW METPY
cdotok Tog DY R5600.

YepHblii sIUK S
VME-
Teneckon LeCroy || nitep- 1) 5BM
o Teneparop Perynstop I_bADC 118217 geiic T
HMITYJILCOB
TR-0332/B 0.1
o [y | [T
Jluckp. b KJI-353 | | Y
KJI-353 200 MB NIM
Ceeroauon 30 MB
MICHIA NSPB310A Jluckp. L, Cosa, ITpeobp.
. —
| KJI-353 | KJI-354 L KJI-351 KJI-353 || KJI-351
30mB ECL — M Kocmu- L 200 MB ECL —

NIM gecKue NIM

MIOOHBI

Puc. 50. Biok-cxem cTeHI , CO3l HHOIO U UCIIOJIb30B HHOro i usMepenuii B OMSAN

Crenp p 60T J1 B ABYX PEXHM X: TEPBBIH HCIIONIB30B JICS VI K JIMOPOBKH
CHEKTPOMETPUYECKOro K H J1 , BTOPOH — IS MOJIy4eHHUS 3 PSANOBBIX CIIEKTPOB
C T W1 OT KocMuyeckux MI0oHOB. [Tomyuennsie B OUSN pe3ynbT Thl MO Koppe-
naimu  cBerocbop ¢ WLS-ONTOBOJIOKH W ¢ y3KOW TIp HU T I XOPOIIO
COINT CYIOTCS C I HHbIMH, NosydeHHbIMH B Fermilab (puc.51): g oGecrieue-
Hug 18—20 ¢.s. ¢ WLS-onToBosIoOKH Heo0xoqumo ObUIO MOIYYHTh CBETOCOOD
14—15 d.3. ¢ y3ko0ii rp HU T i1 . IMEHHO ®TOT I p MeTp ABISICA ONpenensio-
MM TIPH IPOM3BOJACTBE U OTOOpe T 0B 1o K 4ectBy B OUSU.

4.4.3. Tecmuposé nue m iinoe ¢ cocm eée demexmop CPR2. 3 XopoTKuit
IIPOMEXYTOK BPEMEHH YO JIOCh H JI AUTH Mpou3BoacTBo T inos B OIT OUSIU c
HocIieyoIeil OKOHY TeJIbHOW 00p 60TKOM M KoHTposeM K dectB B HOOMAII
OUAN. 3 2 mecsan 6buto m3rotosieHo noytd 1000 T HIOB cO CBETOBBIXOAOM
He MeHee 20 ¢.3./MIP (MIP — MUHMM JIBHO MOHM3UPYIOIN S Y CTUL ). 3 T Kue
K€ CK Thle CPOKH ObUIM H JI >KEHbI IIPOM3BOACTBO U KOHTPOJIb K YECTB T HJIOB B
HHO III'K HTK «Muctutyr MoHOKpHCT JutoB» HAH Ykp unsl (X ppkoB), rie
n3rotoBwan 10 2000 m1 ctuH BeICOKOro K uecTB . MTorosble usmepenud B Fer-
milab 1 ANL ¢ T i1 MM mo3BoNIWIN noiy4uTh 1o 36 u Gonee ¢.o./MIP [148].
JlocTizKeHue CToIb BBICOKOIO CBETOCOOp C T i1 00ecreynso perucTp LU0 He
MeHee 12 (pOTOa/IeKTPOHOB MOC/Ee MPOXOXKAECHHS BCEro ONTHYECKOro Tp KT (HO
5 M), 4ro TpeBbill eT Gojee YyeM B B p 3 ypoBeHb 5 ¢.2./MIP, MUHUM JIbHO
HEOOXOMUMBI i 3(PEeKTUBHON PETHCTP LMH K JIOPUMETPOM OAMHOYHOH Y -
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Puc. 51. Koppensuus ceetocbop ¢ WLS-OoNTOBOIIOKH ¥ C Y3KOH Ip HU T il

crunpl [152]. O6iiee Koau4ecTBO K H J10B HOBOro jeTekTop CPR2 ObUIO OKOJIO
2600. Ou 6bu1 ycremHo yct HoBieH H jerekrop CDF u ucnons3oB Jics mpu
H Gope ct Tuctuku B niepuon Run II H T3B TpoHe [153,154].

Co Bpemenu BBoj B oKciuly T nuio gerektop CPR2 v xomwmnock gocTt Tou-
HOE KOJIMYECTBO COOBITMH OT NPOTOH- HTHUIPOTOHHBIX CTOJIKHOBEHHH, IO3BOJIS-
folee OIeHUTh d(h(PeKTUBHOCTh HOBOTO AeTeKTOp . KoadurueHT ycuneHus aid
K xgoro Kk H 1 CPR2 6bl1 onpeiesieH ¢ UCHOJIb30B HUEM BOCCT HOBJICHHBIX Tpe-
koB MIP, npomenmux depes T . bonee yem 99,8 % x H noB CPR2-gerexrop
ObLTH OTK JTMOPOB HBI BTUM METOIOM. DT HH(OPM LM UCIIOIB30B JI Cb IPH H -
n3e (U3MIECKUX JI HHBIX.

T kuM 0Op 30M, COXp HUB JIOCTOMHCTB CT pOrO IPEKOHBEPTOpP , HOBbIii
CPR2 oGecrieunit: 2-Kp THOE yBEIMYEHHE I10J] BIIeHUS! (DOH OT 3 PSXKEHHBIX IMH-
OHOB, YTO Kp WHE B XHO IPH IMOCIIeIyoIell HIEHTU(UK MU 3JIeKTPOH IS Me-
YyeHust b-CTpyil; BO3MOXHOCTh MAEHTHU(UK IIMM OOMHOYHBIX (POTOHOB (H (hoHE
ME30HOB) B 001 cTH sHepruil Oombine 35 [®B, T KXe yiaydiieHue sHepreTuye-
CKOI'O P 3peIleHHs CTPYi, YTO OYeHb CYIIECTBEHHO M1 MOUCK WM KCIIEPUMEH-
T JIbHOTO CYXEHHsI BEPOSITHOIO MHTEPB J1 M cchl 0030H Xwurrc . T KXXe HOBBIi
MIPEKOHBEPTOP OOJ [ J1 MPUHLIMIHN JIbHO HOBBIMU K YECTB MH: MOT p 60T Tb mpH
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cetumoct 10 3,0 - 1032 cm~2.¢c~! u BhlNe; UMen H HOPANOK 6Golee BHICO-

KYI0 TP HY/JSIPHOCTH IO ICEBIOOBICTPOTE M H THOPSIOK OoJiee BHICOKOE OBICTPO-
Z[eﬁCTBPIC, YTO OYEHb B KHO B CBETC yMeHbHIeHI/IH I/IHTepB JI MC)K)Z[y C['yCTK MU
¢ 396 o 132 Hc.

3AKJIIOYEHHUE

I'pymn w3 OUSIU ycmemmno corpymuud 1 ¢ Fermilab B p MK X aKkcmepu-
ment CDF B Teuenue 17 ner (¢ 1997 mo 2014 r.). 3 sT0 Bpems Obll BHECEH
3H YMTEJIbHBIA BKJI I K K B HCCJIEIOB TENbCKYI0 IPOrp MMy H JETEKTope, T K
u B p 3p OOTKy, 0OCIIyXUB HHUE, MOAEPHU3 LIMI0 U YCHEUIHYI0 p OOTY OTAENBHBIX
MOZICKICTEM JETEKTOP .

B 0671 ctu ¢u3uku ¢-kB pk  wieHsl rpynmel u3 OWUAW npunuM i KTuB-
HOE y4 CTHE B U3MEPEHUHU €ro M CChI B JIEITOH-CTPYWHOM M JWJIENTOHHOM K H -
J X pcna ti-m pel. Brepeble mis yMEHBIIEHHS CT THCTHYECKOH MOTPEIIHOCTH
U3MEPEHHs] M CChl t-KB PK B JIENITOH-CTPYIHOM K H Jie IpymIoi ObUIo mpemio-
’KEHO MCIOJIb30B Th MH(OPM LU0 OT TpeX KOMOMH TOPHBIX B PU HTOB IPHUCBO-
eHHsl CTPyil B COOBITMM C H WMEHBIIMMH 3H YEHMSIMH X2, HE Orp HMYMB ThCS
TOJIBKO OJIHMM JIy4liuM B pu HTOM. C IOMOILBIO MOJEIMPOB HUs ObUIO IOK 3 HO,
YTO UCIOJIB30B HUE METOJ H WIydlled JIMHEHHOU HecMmelleHHoM oueHku (BLUE)
1pu OObEAMHEHUN pEIIeHUH OT TpeX KOMOMH LWl MO3BOJISET YIy4lIUTh CT TH-
CTHYECKYI0 norpemHocTs usmepenuss H 10 %. Bnepssie H ocHose A HHbIX CDF
ObIIIO MTPOBEIEHO M3MEPEHHE M CCHI {-KB PK C HCIONB30B HHEM HWHGOPM LUH O
Me4YeHUH b-cTpyil U K ITHOpOBKE IIK JIbl BHEPIUM JAPOHHBIX CTPYH mo M cce W-
60300 H cT THcTHKe 318 n6~!. Iis AWIENTOHHOTO K H 1 P CI J  COTPYIHH-
K Mu OHSIN 6buto co3n HO nporp MMHOe oOecriedeHue, M03BOJIMBIIee IPUMEHUTD
H oT ne Run II PHI-mMeTox mms m3MepeHUS M cChl t-KB PK : ObUT IMOATOTOBJICH
KOMIUIEKC IPOTP MM, OCYLIECTBIISIOIINX OTOOpP, KMHEM THYECKUH (PUT COOBITHIA,
BBIYMCIIIOIINX OLIEHOUHYI0 NepeMeHHyl. T Kke ObUI NMpOBEieH psif UCCIIENOB -
HMI, TIO3BOJIMBILUX ONTHMHU3UPOB Th METOAMKY U3MEPEHUs: ObLT H HIEH BUI H M-
6onee adeKTUBHON (PYHKIMU NP BAONOMOOUS, U ONpenesicH H WIydIIui crocob
MOJTy4YeHHUS OLIEHOYHOH MEepeMEHHON U3 pe3yJabT TOB KHHEM THYECKOro ¢hur .

I'pynn  xtuBHO p 60T 71 B 06J CTH M3y4eHMS! CBOMCTB {-KB PK : ObUI MpO-
BEpeH TUIIOTE3 O CYIIECTBOB HUH 3K30THYECKOIO {-KB PK 4Yepe3 H3MepeHHe ero
3 psij , ¥ MPOBeieH KOMOMHMPOB HHbBIA H JIM3 U1 U3MEPEHUI MHKJIIO3UBHOM M
mucdepenim pHOM - cumMeTpuu. B ko 6op mmM ¢ Komler MM M3 Bp TH-
Cl1 Bbl OBUT U3MEPEH 3 psii {-KB PK , U3MEpEeHMs] MO3BOIWIN C 99%-M ypoBHEM
JAOCTOBEPHOCTH UCKIIIOYUTH THIIOTE3y O CYLIECTBOB HHM ®K30THYECKOIO ¢-KB PK .
T xxe unensl rpynnsl n3 OUSIM npunuM i y4 cTue B mouck X 0030H Xwurrc
H TO®B TPOHE, B 4 CTHOCTH MMM OBUI PO H JM3UpOB H H—yy K Hn p cnm 1 ,
KOTOPBIN BOLIEJ B IOJHbIH KOMOWHUPOB HHBIA H JIU3.

I'pynn u3 OMSIU BHecnt pein rowmuii BKJI A B obecriedenue ah(heKTUBHOMU p -
6OTBI T KMX HOJICHCTEM JIETEKTOP , K K CHMHTHUIIINOHHbIE CYETYNKH MIOOHHOTO
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tpurrep CDF; Tpurrep H 0OcCHOBe KpeMHHEBOro BepIIMHHOro perekrop (SVT-
Tpurrep) mis oT6op COOBITHH CO BTOPUYHBIMH BEPLIMH MU M IPEIIMBHUEBbIN
anekTpoM rHUTHBIN K jiopumeTp (CPR2). Bsuto co3n HO mporp MMHOe obGecrie-
YeHue T4 YOp BJCHHUS M KOHTPOJISL I P METP MM CHMHTWUISIIMOHHBIX CYETYUKOB
MIOOHHOH CHCTEMBI, BKJTIOY § IPOTP MMBbI, H MUC HHbIe H ocHoBe 1 KeT iFIX 5.0
(jpupm  GE Fanuc) mig mHTErp MM MIOOHHOW CHCTEMBI B IJIOO JIFHYIO CHCTEMY
MoHuTopuHr yct HoBkM CDF II. Briepsble B 0011yi0 cuCTeMy MOHUTOPUHI BHe-
JApEHbl HOBbIE I P THbIE BO3MOXHOCTH, HEOOXOIUMBIE I OBICTPOro BOCCT -
HOBJIEHUSI P GOTHI OJIOKOB, YIIP BISIOUIMX H MpPSXEHHEM H MIOOHHBIX CUETYMK X
B ciyd e cboeB. Co3x H mpouenyp HpOBEPKH KOMMYHHMK THBHOW CBSI3M MEXIY
IJT BHBIM U MIOOHHBIM CEpBEP MH B P MK X IJIOO JIBHOW CHCTEMBI MOHMTOPHHT .
Cotpynnuk Mu OUSIN noareepkaeHo MpearnonoXkeHue, YTo I CHUHTUILISLOH-
HBIX CYETYMKOB H OCHOBE TOJIUCTHPOJ , UCHONB3YIOIIUX ONTOBOJIOKOHHBIN CIO-
co0 CbeM CBET , CT PeHHE CHUCTEMbl «CUHUHTHJULITOP -+ CIIEKTPOCMEl] Iollee BO-
JIOKHO» OTIpeiesisieTcsi B O0JIblIei CTeneHu aerp A el CUMHTUUIIUOHHON Il -
CTHHBI, HE BOJIOKH . T KuM 00p 30M, ObUT OIleHeH 3((eKTUBHOCTh P OOTHI
P 37MYHBIX THIOB CLHMHTWIUIALMOHHBIX CYeTYMKOB B mepuox Run II u coct BieH
UX IUT H 3 MEHBI.

C moMolipl0 HOJICHCTEM, KOTOpble ObUIM MOIEPHU3UPOB HbI M OOCTYXHB -
much rpynmnoid 3 OUSIH, 6pun coen Hbl 3 MeY TelbHbIE UCCIIEN0B HUS B 00N CTH
B-¢wsuku: otkpbitel BY — BY-ocumnsaumu; npousseneno H Gmiogenue Yy, Y
TAXENbIX O PUOHOB; NPOU3BENEHO H OIIONEHHE M U3MEPEHHE M CChI =, -0 PHOH .
C moment BBox jerektop CDF B akcrty T umio ¢usuku uz OUSU Obuin He
TOJIKO DKCIIEPT MU 110 OOCITYXXKUB HUIO JISTEKTUPYIOLINX CUCTEM, HO U p OOT Jik B
K 4ecTBe IVT BHBIX omep Topos (Ace shifter) mo KOHTpoOJIO H 1 BCe# ycT HOBKOM,
YTO IMPEANoJI T €T OrPOMHYI0 OTBETCTBEHHOCTh M JET JIbHOE 3H HHE BCEW COBO-
KYITHOCTH JIETEKTHUPYIOIINX W BcrioMor TenbHbix cucteM CDF. Pomnp rpynmer u3
OUSIU 6bi1  BbicOKO orieHeH Bcel kot 6op mueit CDF u Fermilab.

Ynenst rpynmnst JISITT OUAW Bblp X 10T m1yboKylo OJI TOJ PHOCTH JIMpPEK-
uun JIAIL, xomn 6op umn CDF 3 BOo3MOXHOCTB y4 cTHsl B p 00T X, KOJUIEr M,
C KOTOPHIMH OHHM IUTOZOTBOPHO p OOT JIM JOJITHE TOIBI, 3 BCECTOPOHHIOK I10-
MOIIlb, MHOTOYHUCJICHHBIE MOJIe3HbIe AUCKYCCHM W OYeHb TeIUIble IPYXEeCKHe OT-
HOUICHUS.
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