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,n;Hccepmn;HOHHOro coBeTa K501.001.03 

KaH,1].H,n;aT <pH3HKO-MaTeMaTH'leCKHX HayK ~~ A.K. MaHara.43e 

06m;a.H xapaKTepHCTHKa pa60Tbl 

HaCTO.HIIJ;aJI pa6ora OCH0BaHa Ha pe3JJibTaTaX HCCJie,n;oBaHHH <pH3HKH rrpo

n;ecCOB «IIp.HM0H <pOTOH + CTpy.H» ( <<Z-6030H + CTPJ.H» ), BhlIIOJIHeHHhIX rrpH 

J'laCTHH aBTOpa B 1995-2004 rr. B Jia6opaTOpHH «l>H3HKH qaCTHn; H Jia6opaTO

pHH 5.1,n;epHbIX Ilpo6JieM OH.HIT. C rroM0IIJ;hIO rrpoBe,n;eHHoro M0,n;MnpoBaHH.H 

,n;aHHhIX rrpon;eccoB rrpH 3Heprn.Hx T3BaTpoHa H BOJihIIIOro A,n;poHHoro KOJIJiaii

,n;epa (LHC) H aHaJIH3a 3KcrrepnMeHTaJihHhIX ,n;aHHbIX ,n;eTeKT0pa DO (Jia6opa

TOpH.H HM. Cl>epMH), Bhipa6oTaHbl H0Bhle KpHTepHH OT6opa YIIOM.HHJThlX BhIIIIe 

co6bITHH, II03BOJI.HIOm;He YJIY'IIIIHTh TO'IHOCTb orrpe,n;eJieHH.H IIIKaJlhl 3HeprHH 

CTPYH, a TaK)Ke II0Ka3aH0, 'ITO 3TOT OT6op ,n;orrycKaeT xopomyro CTaTHCTH'le

CKJIO o6ecrre<JeHHOCTh ,11.JI.H H3MepeHH.H rJIIOOHH0ro pacrrpe,n;eJieHH.H B rrpOTOHe 

B ,n;aHHhIX KOJIJiafi,n;epHblX 3KCrrepHMeHTaX npH IIJiaHHpyeMOfi CBeTHM0CTH. 

AKTYaJihHOCTb TeMbI. 

YcTaHOBJieHne a6cOJIIOTHOfi IIIKaJlhl 3HeprHH CTpyn, ,n;eTeKTHpyeM0fi rrpe

HMym;ecTBeHH0 a,n;pOHHhlM H MeKTp0MarHHTHhlM KaJI0pHMeTpaMn, .HBJI.HeTC.H 

0,11.H0fi H3 rrpHOpHTeTHbIX 3a,n;aq ,11.JI.H JII06oro pp HJIH pji KOJIJiafi,n;epHoro 3KC

rrepnMeHTa. To<JHOCTh ee orrpe,n;eJieHH.H 0Ka3hIBaeT 3Ha'IHTeJihH0e BJIH.HHHe Ha 

pemeHne MHOrHX Ba)KHeiiIIIHX 3a,n;aq C0BpeMeHH0fi <pH3HKH. 

9To .HBJI.HeTOI oco6eHHO Ba)KHhIM ,11.JI.H nJiaHnpyel'.mro Ha T3BaTpone B Run II 
60Jiee T0'IH0ro H3Mepe1.1H.H Macchi T0II-KBapKa (mt)- Ilo proyJihTaTaM Run I, 
31.1aqe1.1H.H mt, ycTaHoBJieHHbie B DOH CDF, cooTBeTCTBeHH0 paBHhI: 

mt= 173.3 ± 5.6(cmT.) ± 5.5(cncT.) faB/c
2 

(DO), 

176.1 ± 5.l(cTaT.) ± 5.3(cHCT.) r3B/c
2 

(CDF). (1) 

HaH60JibIIIee 31.!a<JeHHe CHCTeMaTH'leCKOfi OIIIH6KH B o6onx 3KCIIepnMeHTaX ( OKO

JI0 4 r3B/c2 ) o6yCJioBJieHO Heorrpe,n;eJieHH0CThIO IIIKaJlhl 31.!eprnn CTpyH. 

Omn6Ka B IIIKaJie 3HeprHH CTpyn TaK)Ke ,11.0MHHHpyeT B orrpe,n;eJieHHH ce

<JeHHii p0)K,11.eHH.H tl-nap (coCTaBJI.H.H B H€K0T0pbIX KaHaJiax HX o6pa30BaHH.H 

,n;o 70% OT o6m;efi OIIIH6KH), a TaK)Ke B rrpon;ecce «0,11.HH0'IH0ro>> p0)K,11.€1.!H.H 

T0II-KBapKa (HarrpnMep, B npon;eccax ud ➔ bt, ug ➔ bdt). 
HcCJie,1].0BaHH.H cneKTpa HHBapHaHTHOfi MaCChl ,11.BJX CTpyit ( Mjj), a 'ffiK)Ke 

CKaJI.HpH0fi CJMMhl norrepe'IHbIX 3Heprnfi BCex CTpyfi (Hr) B ,11.aHH0M co6bI

THH .HBJI.HIOTOI xop0IIIHMH T€CTaMH ,11.JI.H rrpoBepKH cym;eCTBJIOIIJ;HX MO,l].eJiefi 
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COCTaBH0H CTPJKTJpbI KBapK0B n JieIIT0H0B. O,11,HaKO, rJiaBHaH npnqnHa CH

CTeMaTnqecKoil: Heonpe,11,eJieHH0CTH B IIOJiyqeHHblX Ha T::rnaTpOHe cneKTpax II0 

Mjj H Hr - T0qHQCTh onpe,11,eJieHHH IIIKaJibl ::rneprHH CTpyH. TaK, II0 ,11,aHHblM 

::iKcnepnMeHTa DO ::im Heonpe,11,eJieHH0CTh cocTaBJIHeT 17% npn Hr ~ 500 f::iB 

n 34% npn Hr~ 1000 f::iB. B cneKTpe no Mii cooTBeTCTBJIOIIl,aa cncTeMaTn

qecKaH Heonpe,11,eJieHH0CTh cocTaBHJia 7% npH Mjj ~ 200 f::iB/c2 H 30% npH 

Mii ~ 1000 f3B/c
2

• 

IloHCK cynepCHMMeTpllqHblX qacTHD;, npe,11,CKa3hIBaeMbIX p33JIHqHblMH M0-

,11,eJIHMH cynepCHMMeTpHH (SUSY), TaK)Ke BX0,11,HT B nporpaMMY ncCJie,11,oBaHnil: 

Ha a,11,P0HHhIX KOJIJiail:,11,epax T::iBaTpOH H LHC. IlocKOJihKY cpe,11,n KaHaJI0B pac

na,n;a MHornx SUSY qaCTHD; npeo6Jia,n;aroT (2-, 4- H ,11,a)Ke 6-) cTpyil:Hble KaHaJihI, 

Heonpe,11,eJieHH0CTH B IIIKaJie 3HeprHH CTPYH M0ryT Henocpe,11,CTBeHH0 BJIHHTb Ha 

OIIIH6Ky ycTaH0BJieHHH Mace 3THX qaCTHD;. ToqHoe onpe,11,eJieHHe 3HeprHH CTpyn 

'ffiK)Ke Heo6X0,1J,HMO ,11,JIH IIpaBIIJlbHOH on;eHKH BKJI3.,1),a ¢oHOBbIX co6blTHH (npo

n;eCCbl C p0)K,11,eHHeM tl nap, w± ;z0 + N CTpyil:). TaK, B 3KCIIepnMeHTe DO 

II0 II0HCKY CKBapK0B H rJIIOHH0 B on;eHKe ¢oHa K HX p0)K,11,eHHIO, K0T0paa ,11,e

JiaJiaCb Ha ocHoBe npe,11,cK33aHHil: MoHTe-Kapno, Heonpe,11,eJieHH0CTH B IIIKaJie 

3HeprHH CTPYH HBJIHJIHCb ,11,0MHHHpyIOID;HMH. 

ll3BeCTHO, qTQ MH0rHe Te0peTHqeCKHe npe,11,CK33aHHH II0 p0)K,11,eHHIO H0BblX 

qacTHD; (6o30HhI Xnrrca, SUSY qacTHD;bI), a TaK)Ke no on;eHKe ¢oHa K HHM, 

B 3KCIIepnMeHTaX, np0B0,11,HMblX Ha T::iBaTpOHe, ll 6y,11,yII1,HX 3KCIIepnMeHTaX Ha 

LHC, 0CH0BaHbI Ha HCIIOJih30BaHHH p33HhIX napaMeTpH3an;nil: rJIIO0HH0ii: K0M

noHeHThI CTPYKTJpH0ii: <i>YHKD;HH IIp0T0Ha npH MaJibIX X H 60JihIIIHX 3HaqeHHHX 

KBa,11,paTa nepe,11,aHH0ro llMIIJJlhCa Q2 • Ilo3TOMY npoBe,11,eHHe H3MepeHHH rJIIO-

0HH0il: IIJI0TH0CTH Henocpe,11,CTBeHH0 B TeX )Ke 3KCIIepHMeHTaX II03B0JIHT llMeTb 

caM0C0rJiaC0BaHHJIO ¢H3nqecKyIO KapTHHY H3yqaeMbIX npou;eccoB, H, Heco

MHeHH0, npe,11,CTaBJIHeT 60JihIIIOii: HHTepec. 

QqeBH,11,HO, qTo o60CHOBaHHe B03M0)KH0CTH TaK0ro H3MepeHHH C npaBHJib

H0ii: on;eHK0ii: BbIX0,11,a Heo6xo,11,HMbIX ,11,JIH 3T0ii: D;eJIH co6bITHH H onpe,11,eJieHHeM 

BKJI3.,1),a ¢oHOBbIX npou;eccon HBJIHeTCH Ba)l{HbIM 3TaII0M B II0,11,r0T0BKe TaKoro 

H3MepeHHH. 

TaKHM o6p330M, JBeJIHqeHHe T0qHQCTH onpe,11,eJieHHH 3HeprHH CTPYH ll ll3-

MepeHHe rJIIO0HHoro pacnpe,11,eJieHHH B 3KcnepnMeHmx Ha T::inaTpoHe n LHC 

HBJIHIOTCH aKTJaJibHblMH npo6JieMaMH B COBpeMeHH0ii: ¢H3HKe BbIC0KHX 3Hep

rHii:. 
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06w;rui: xapaKTepHCTHKa pa6oTbl 

HaCTOHIIl,aH pa6om 0CH0BaHa Ha pe3JJibTaTaX HCCJie,11,onaHHH ¢H3HKH npo

u;ecc0B «npHM0H ¢oTOH + CTpya» ( «Z-6030H + CTpya» ), BbIIIOJIHeHHblX IIpH 

yqaCTHll aBTopa n 1995-2004 rr. n Jia6opaTOpHH <l>H3HKH qaCTHD; n Jia6opaTO

pHH 51,11,epHbIX Ilpo6JieM OH51M. C noM0IIl,bIO npone,11,eHH0ro M0,11,eJIHponaHHH 

,11,aHHhIX npou;eccon npn 3Heprnax T::iBaipoHa H BOJibIIIoro A,11,poHHoro KOJIJiail:

,11,epa (LHC) H attaJIH3a 3KcnepnMeHTaJihHhIX ,11,attHhlX ,11,eTeKTopa DO (Jia6opa

Topna HM. <I>epMH), Bbipa60TaHbl H0Bble KpHTepHH OT6opa JII0MHHJTbIX BbIIIIe 

co6hITHii:, II03BOJIHIOIIl,He yJiyqmHTb T0qH0CTb onpe,11,eJieHHH IIIKaJibl 3HeprHH 

CTPYH, a TaK)Ke II0Ka3aHo, qT0 3T0T oT6op ,11,onycKaeT xopoIIIyIO C'ffiTHCTHqe

CKJIO o6ecneqeHHOCTb ,11,JIH H3MepeHHH rJIIO0HH0r0 pacnpe,11,eJieHHH n IIp0T0He 

B ,11,aHHblX KOJIJiail:,11,epHbIX 3KCIIepm.i:eHTaX npH IIJlaHHpyeM0H CBeTHM0CTH. 

AKTYaJibHOCTb TeMbI. 

YcTaHOBJieHHe a6cOJIIOTHOH IIIKaJibl 3HepnIH CTpyn, ,11,eTeKTHpyeMOH npe-

HMym,ecTBeHH0 a,n;p0HHbIM H 3JleKTpoMarHHTHhIM KaJI0pHMeTpaMH, HBJIHeTCH 

0,11,H0ii: H3 npH0pHTeTHbIX 33.,11,aq ,11,JIH JII06oro pp HJIH pp KOJIJiail:,11,epuoro 3KC

nepnMeHTa. ToquoCTb ee onpe,11,eJieHHH 0Ka3bIBaeT 3HaqHTeJibH0e BJIHHHIIe Ha 

peIIIeHIIe MH0rIIX na:arneil:mIIx 33.,11,aq conpeMeuuoii: ¢H3HKII. 

9To aBJIHeTCH oco6enuo Ba)l{HbIM ,11,JIH nJiaHIIpyeMoro ua T::iBaTpoue n Run II 

60Jiee ToqHoro H3Mepemrn MaCChI T0II-KBapKa (mt)- Ilo pe3yJihTaTaM Run I, 
3uaqenIIa mt, ycTaH0BJieHHbie B DO II CDF, cooTBeTCTBeHH0 paBHbI: 

mt= 173.3 ± 5.6(cmT.) ± 5.5(cIICT.) f::iB/c
2 

(DO), 

176.1 ± 5.l(cmT.) ± 5.3(cnCT.) f3B/c
2 

(CDF). (1) 

HaII60Jib1IIee 3naqenIIe CIICTeMaTnqecK0ii: OIIIII6KII B 0601IX 3KCIIepIIMeHTaX ( OKO

JI0 4 r::iB/c2 ) o6yCJIOBJieuo Heonpe,11,eJieHH0CTbIO IIIKaJibl ::ineprIIII CTpyn. 

OmII6Ka B IIIKaJie ,meprIIII CTpJII TaK)Ke ,11,0MHHIIpyeT B onpe,11,eJieHIIII ce

qeHnii: po)K,11,eHIIH tl-nap (coCTaBJIHa n HeK0T0phIX KaHaJiax IIX o6p330BaHHH 

,11,0 70% OT o6ru;eil: OIIIII6KII), a TaK)Ke B npou;ecce «0,11,HH0qH0r0>> po2K,11,eHIIH 

Ton-KnapKa (HanpIIMep, B npou;eccax ud ➔ bt, ug ➔ bdt). 
llcCJie,11,0BaHIIH cneKTpa IIHBapIIaHTH0H MaCCbl ,11,BJX CTpyil: (Mjj), a 'ffiK)Ke 

CKaJIHpnoii CJMMbl nonepeqHblX 3HeprHii: ncex CTpyil: (Hr) B ,11,aHH0M co6bI

TIIII HBJIHIOTCH xop0IIIHMII TeCTaMH ,11,JIH npoBepKH cyru;ecTBJIOID;IIX M0,11,eJieii: 



COCTaBHOii: CTPYKTYPhl KBapKOB II JieIITOHOB. OAHaKo, rJiaBHag IIplI'IIIHa CII

CTeMaTII'IeCKOii: HeorrpeAeJieHHOCTH B IIOJiy'IeHHhIX Ha T,rnaTpOHe crreKTpax ITO 

Mjj H Hr - TO'IHOCTh orrpeAeJieHng IIIKaJihI 9HeprIIII CTpyII. TaK, rro AaHHhIM 

aKcrrepIIMeHra DO am HeorrpeAeJieHHOCTh cocTaBJigeT 17% rrpn Hr ~ 500 I'aB 

H 34% rrpII Hr ~ 1000 I'aB. B crreKTpe rro Mjj cooTBeTCTByrom;ag CIICTeMaTII

qecKag HeorrpeAeJieHHOCTh cocTaBHJia 7% rrpII Mjj ~ 200 I'aB/c2 II 30% rrpn 

Mii ~ 1000 raB/c
2

• 

IlOHCK cyrrepCIIMMeTpII'IHhIX qacTIIQ, rrpeACK.l.3hIBaeMhIX Pa3JIII'IHhIMII MO

AeJigMH cyrrepcHMMeTpHH {SUSY), TaK)Ke BXOAHT B rrporpaMMY IICCJieAoBaHnii: 

Ha aApOHHhIX KOJIJiaii:Aepax TaBaTpoH II LHC. IlocKOJihKY cpeAII KaHaJIOB pac

rraAa MHomx SUSY 'IaCTHQ rrpeo6JI~aroT {2-, 4- II Aa)Ke 6-) cTpyii:Hhle KaHaJihI, 

HeorrpeAeJieHHOCTII B IIIKaJie 9HeprIIH CTPYII MOryT HerrocpeACTBeHHO BJIHgTh Ha 

OIIIH6Ky YCTaHOBJieHIIg Mace 9THX 'IaCTIIQ. TO'IHOe orrpeAeJieHIIe 9HeprIIH CTpyII 

TaK)Ke He06XOAHMO ~g rrpaBIIJihHOii: OQeHKII BKJiaAa <pOHOBhlX co6hITIIii: {rrpo

QeCChl C pO)KAeHIIeM tl nap, w± ;z0 + N CTpyii:). TaK, B 9KCIIepHMeHTe DO 
ITO IIOHCKY CKBapKOB II rJIIOIIHO B OQeHKe <pOHa K IIX pO)KAeHHIO, KOTopag Ae

JiaJiaCh Ha OCHOBe npeACKa3aHHii: MoHTe-Kapno, HeonpeAeJieHHOCTII B IIIKaJie 

9HeprHII CTpyH gBJigJIIICh AOMIIHIIpyrom;HMH. 

IfaBeCTHO, 'ITO MHOrIIe TeOpeTII'IeCKHe npeACK.l.3aHIIg no pO)KAeHIIIO HOBhIX 

'IaCTH.Q {6o30HhI XIIrrca, SUSY qacTH.QhI), a TaK)Ke no OQeHKe cpoHa K HHM, 

B 3KCnepHMeHTaX, npOBOAHMhIX Ha T3BaTpOHe, H 6y~m;nx 3KCnepIIMeHTaX Ha 

LHC, OCHOBaHhl Ha IICnOJih30BaHHII pa3HhIX napaMeTpII3aQHii: rJIIOOHHOii: KOM

noHeHThl CTPYKTYPHOii: <pJHKQHII npOTOHa npII MaJihIX X II 60JihIIIIIX 3Ha'!eHngx 

KBaApara nepeAaHHoro IIMnJJihca Q2
. IloaToMy npoBeAeHIIe II3MepeHIIg rJIIO

OHHOii: nJIOTHOCTH HenocpeACTBeHHO B Tex )Ke 3KCnepHMeHTaX n03BOJIHT IIMeTh 

caMOCOrJiacoBaHHYIO <pII3H'IecKyIO KapTHHY II3J'IaeMhIX npoQeCCOB, II, Heco

MHeHHO, npeACTaBJigeT 60JihIIIOii: HHTepec. 

QqeBIIAHO, 'ITO o60CHOBaHHe B03MO)KHOCTII TaKoro H3MepeHIIg C npaBHJih

HOii: OQeHKOii BhlXOAa He06XOAHMhIX AJig 3TOii QeJIII co6hITIIii: II onpeAeJieHHeM 

BKJiaAa <pOHOBhIX npo.QeCCOB gBJigeTcg Ba)KHhIM 3TaIIOM B nOArOTOBKe TaKOro 

II3MepeHng. 

TaKIIM o6pa30M, YBeJIII'IeHIIe TO'IHOCTII onpeAeJieHng 3HeprHH CTpyII II mi

MepeHIIe rJIIOOHHOro pacnpeAeJieHIIg B 3KcnepIIMeHTaX Ha TaBaTpoHe II LHC 

gBJigIQTcg aKTJaJihHhIMII npo6JieMaMH B COBpeMeHHOii: <pH3IIKe BhICOKHX 3Hep

rIIii. 

2 

---------,---

~ 

IlOAXOA K peIIIeHHIO 3THX ABYX 3~aq, II3JIO)KeHHhlil B AHCCepTaQim, OCHO

BaH Ha H3J'IeHHH co6hITHii <<npgMoii q>OTOH (Z-6o30H) + CTpyg», aHaJIII3 KO

TOphIX npOBOAHJICg KaK Ha OCHOBe MOAMHpOBaHHg 3THX co6hITIIii:, TaK II Ha 

peaJihHhIX 3KcnepnMeHTaJihHhIX AaHHhIX AeTeKTopa DO (TaBaTpoH). 

CTOIIT TaK)Ke OTMeTHTh, 'ITO o6e 3~a'III CBg3aHhl Me)K~ co6oii: KaK no Me

TOAaM OT6opa H aHaJIH3a AaHHhIX, Ta~ H no q>H3H'IeCKOii npIIpOAe H3J'!aeMhIX 

B HHX q>JHAaMeHTaJihHhIX KBapK-rJIIOOHHhIX npOQCCCOB. 

IJ;eJib pa60Tbl. 

CoBMeCTHoe pO)KAeHne npgMhIX q>oTOHOB {Z-6o30HOB) H aAPOHHhIX CTpyii 

gBJigeTcg xopOIIIIIM IIHCTpyMeHTOM AJig ycTaHOBJieHHg 3Hepnrn ~pOHHhIX 

CTpyii: B aeucmayww,eu 3KCnepIIMCHTaJlhHOil JCTaHOBKC. 

lI,eJihlO HaCTogm;eii pa60Thl gBJigeTcg pa3pa60TKa MeTOAa, KOTOphiil n03BO

JIHJI 6hI BhIAeJIHTh TaKHe co6hITIIg H3 MHO)KeCTBa Apyrnx npoQeCCOB ( ce'IeHIIe 

KOTOphIX B cyMMe npeBhIIIIaeT Ce'!eHIIe CIIrHaJihHOro npo11ecca <<npgMoii q>O'l'OH 

+ CTpyg» npHMepHO Ha 3 nopgAKa), a TaK:>Ke J.l\,IeHbIIIHJI 6hI cym;ecTnyrom;ee 

3Ha'!eHHe OIIIH6KII B onpeAeJieHHH 3HeprHII CTpyH. 

,[wyroii QeJihIO AaHHOii: pa60Thl gBJigeTcg AeMOHCTpa_QHg B03MO:>KH0CTII npH

MeHeHng C06hITIIii <<npgMoii q>OTOH {Z-6030H) + CTpyg», KOTOphie MoryT 6hITh 

OT06paHhl no HOBhIM KpIITepIIRM C QeJihlO npoBeACHHg KaJin6poBKII 3IIeprHH 

CTPYII, AJig H3y'IeHng rJIIOOHHOii: IIJIOTH0CTH B npOTOHe B 3KCnepHMCHTaX Ha 

TaBaTpoHe H LHC. 

Hay<iHruI HOBH3Ha. 

1) B AIICcepTaQHH Ha ocHoBe MoHTe-Kapno MOAeJIHp0BaHng npo.Qecca po

~eHIIg npgMoro q>OTOHa n CTpyH BnepBhie npeAJIO)KeHhl MeTOAhI OT6opa co-

6hITHit c BhICOKOit CTeneHhlO 6anattca Me)K~ nonepe'IHhIMH HMnyJihCaMH npg

MOro q>OTOHa {Z-6o30Ha) P/Y(Z) H CTpyH Piet_ 

,Lvrn 9TOii: QeJIH BnepBhie npe~O:>KeHhl HOBhle II3MepgeMhie q>H3H'IeCKIIe ne

peMeHHhie, He IICnOJih30BaHHhie pattee B APYrHX 3KcnepIIMeHTaX. orpaHH'IeHHg 

Ha KOTOphie MOrJT no3BOJIHTh OT6IIpaTh co6hITHg C YJIY'IIIIeHHhIM 3Ha'IeHHeM 

6anattca Pt -r(Z) - Piet. 

2) BnepBhie npoBeAeHa AeTaJihHag KJiaCCHq>HKaQHg q>H3II'IeCKIIX npOQCC

COB, KOTciphle MOryT npHBOAIITh K o6pa30BaHHg q>OHOBhIX co6hITHit, COAep-
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)K~X KaH,n;u,n;aTbl Ha npBMbie q>OTOHbl. IloKa3aHO, 'ITO npuMeHeHue HOBbIX 

KpHTepueB OT6opa co6bITHH «npBMOH q>OTOH + CTpyB», HCnOJib30BaHHbIX )];JIB 

3a,n;aqu KaJIH6poBKH aHepruu CTpyu, n03BOJIBeT TaK)Ke 3Ha'IHTeJibHO CHH3HTb 

BKJia,D; q>OHa. 

3) Ha OCHOBe ,D;eTaJibHOro MO,ll;eJIHpOBaHHB npou;eccoB, npoucxo,n;BIQlIX B ,n;e

TeKT0pax DO u CMS noKa3aHbI annapaTHbie B03M0,KH0CTH no,n;cuCTeM ,n;eTeK

TopoB ,ll;JI.B no,n;aBJieHHB BKJia,n;a q>OHOBbIX co6bITHH. 

4) BnepBbie KOJIH'IeCTBeHHO apryMeHTHpOBaH0, 'ITO 'IHCJia co6bITHH <<npB

MOH q>OTOH (Z-6o30H) + CTpyB», OT6upaeMbIX no npe,n;JIO)KeHHblM KpHTepu

BM )];JIB npoBe,n;eHHB KaJIH6poBKH SHepruu CTpyu, npu BhlX0,n;e ycKOpHTeJieH 

Ha IIJiaHupyeMbie CBeTHMOCTH ,n;onycKaIOT BbICOKYIO CTaTHCTH'IeCKYIO o6ecne

t:JeHH0CTb )];JIB npoBe,n;eHHB H3yt:JeHHB rJIIO0HH0rO pacnpe,n;eJieHHB B npOTOHe 

Henocpe,n;cTBeHHO B aKcnepuMeHTaX Ha TaBaTpoHe B Run II u LHC. Ou;eHeHa 

KHHetfaTH'IeCKaB o6JiaCTb no X - Q2, KOTOpaB M0)KeT 6bITb noKpbITa npu npo

Be,n;eHHH TaKoro H3y'IeHHB. IIoKa3aHo, 'ITO 3Hat:JeHHB Q2 B o6JiaCTH MaJibIX x, 

B cpe,n;HeM, Ha 1-2 nopB,n;Ka npeBbIIIIaIOT Te 3Hat:JeHHB, KOTOpbie 6hIJIH ,ll;OCTHr

HYTbl B aKcnepuMeHTaX HI H ZEUS, npoB0,ll;HMbIX Ha. ycKopttTeJie HERA. 

,ll;JIB pa3JIH'IHbIX HHTepBaJIOB no X H Q2 c,n;enaHa ou;eHKa no pacnpe,n;eJieHHIO 

BKJia,n;oB q>OHOBbIX co6hITHH. 

II paKTH'IeCKruI ~eHH0CTb. 

B ,n;nccepTaQHH Ha 0CHOBe ,n;eTaJibHOro H3yt:JeHHB q>H3HKH npou;ecca pO,K,n;e

HllB <<npBMOH q>OTOH + CTpyB>> npu aHeprHBX T,rnaTpOHa, a TaK)Ke <<Z-6o30H 

+ CTpyB» npn aHepruBx LHC pa3pa6omH HOBbIH MeTo,n; npoBe,n;eHHB KaJIH6-

p0BKH SHeprHH CTpyH. BBe,n;eHbl HOBbie KpHTepHH OT6opa co6bITHH <<npBM0H 

q>OTOH (Z-6o30H) + CTpyB» C yJiyqmeHHbIM 3Hat:JeHtteM 6aJiaHCa nonepe'IHbIX 

HMnyJibCOB npBMOrO q>OTOHa (Z-6o30Ha) ll CTpyn. 

HanHCaHbl nporpaMMHbie KO,ll;bl ,n;JIB OT6opa co6bITHH <<npBM0H q>OTOH + 
CTPY.B>> B COOTBe.TCTBHH C npe,n;JIO,KeHHblM MeTO,lJ;OM. 0 n0MOIQbIO 3THX npo

rpaMM ocyiu;ecTBJieH. oT6op ,n;attHbIX, co6paHHb1x KOJIJia6opau;uen DO B 2002-

2003 rr., n npoBe,n;eHa KaJIH6pOBKa SHeprHH CTpyH B o6JiaCTH 25 < P/1 < 55 
faB/c. 

Ilpo,n;eMOHCTPHPOBaHHaB B pa6oTe BbICOKaB CTaTHCTH'IeCKaB o6ecnet:JeH

HOCTb C06bITHH «npBMOH q>OTOH (Z-6030H) + CTpyB», KOTOpbie MoryT 6b1Tb 
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OT06paHbl no npe,n;JI0)KeHHbIM KpHTepHBM B rnupoKOM HHTepBaJie H3MeHeHHH 

no nepeMeHHbIM X 1I Q2 ll Hll3KHH BKJia,n; q>OHOBbIX co6bITHH, ,n;enaeT TaK)Ke 

B03M0)KHhlM ucnOJib30BaHue ,n;aHHbIX co6bITHH ,n;JIB H3yt:JeHHB rJIIOOHH0H nJI0T

H0CTH B npoToHe B aKcnepnMeHTaX Ha TsBaTpoHe u LHC. IloKa3aHo, 'ITO ,n;a,Ke 

npu HCnOJib30BaHHH corJiaCHO npe,n;JI0)KeHHOMY MeTO,n;y BeCbMa )KeCTKHX KpH

TepHeB OT6opa B03MO)KeH Ha6op TaK0r0 KOJIH'IeCTBa ,ll;aHHbIX, KOTopoe ,n;ocTa

TO'IHQ )];JIB H3MepeHHB rJIIOOHHOr0 pacnpe,n;eJieHHB B npOT0He B HOB0H KHHe

MaTH'IeCKOH o6JiaCTH no x - Q2 B aKcnepuMeHTaX Ha TsBaTpoHe u LHC npn 

yCJIOBHH HX BbIXO,n;a Ha IIJlaHHpyeMyIO CBeTlIM0CTb. 

OcHOBHbie II0JIO>KeHH.H, BbIH0CHMbie Ha 3a~HTy: 

1. BbIBBJieHbl HCT0'IHHKH HapyrneHHB 6aJiaHCa Me)K,n;y nonepe'IHbIMll HMnyJib

caMH npBM0ro q>OTOHa (Z-6o3oHa) Pt'y(Z) u cTpyu p/et. 

2. IIpe,n;JIO)KeHbl ll3MepBeMbie q>H3H'IeCKHe nepeMeHHbie, BBe,n;eHHe orpaHH'Ie

HHH Ha KOT0pbie n03BOJIBeT OT6ttpaTb co6bITHB C npueMJieMbIM 3Hat:JeHtteM 6a

JiaHca Pt'y(Z) - P/et_ 

3. IlOKa3aHO, 'ITO Han,n;eHHbie KpHTepuu OT6opa co6bITHH <<npBM0H q>OTOH + 
CTpym> TaK)Ke n03BOJIBIOT 3Ha'IIITeJibH0 CHH3HTb BKJia,n; q>OHOBbIX co6bITHH. 

IIpoBe,n;eHa KJiaCCllq>HKan;HB q>OHOBbIX co6bITHH no q>H3H'IeCKHM npou;eccaM, 

npHBO,ll;BIQlIM K o6pa30BaH1IIO KaH,n;H,n;aT0B Ha npBMbie q>OTOHbl. Ou;eHeH lIX 

BKJia,n; npH pa3JIH'IHbIX 3Ha'IeH1IBX rrorrepe'IHbIX lIMIIYJibCOB rrpBM0rO q>OTOHa. 

4. Hail:,n;eHbl KpIITepnu, II03BOJIBIOIQ1Ie Ha OCH0Be HHq>OpMau;uu C u;eHTpaJibH0ro 

rrpe,n;JIIIBHeBoro ,n;eTeKTOpa 1I MeKTp0MarHIITHOro KaJI0pHMeTpa DO YBeJilI'IlITb 

Bep0BTH0CTb Bbl,D;eJieHHB CHrHaJia OT rrpBMOro q>OTOHa. 

5. Ha OCH0Be OT06paHHbIX ,n;aHHhlX SKCIIepHMeHTa DO HCCJie,n;oBaHa 3aBHC1I

M0CTb OTKJIIIKa KaJI0pIIMeTpa Ha a,n;p0HHYIO CTpyro, a TaK)Ke TO'IH0CTII Haxo

,K)];eHIIB KaJIH6pOBO'IHbIX K09q>q>nu;ueHTOB OT SHeprHII CTpyu H npHMeHeHHB 

BBe,n;eHHbIX KpIITepueB OT6opa co6blTHH <<q>OTOH + CTPYB». 

6. IloKa3aHo, 'ITO 'IHCJI0 co6bITHH <<IIpBMOH q>OTOH (Z-6o3oH) + CTpyB>>, KOTO

poe M0)KeT 6bITb OT06patto no npe,n;JIO,KeHHbIM KpIITepHBM ,n;JIB rrpoBe,n;eHHB Ka

JIH6poBKH aHeprIIH CTPYH, BBJIBeTCB ,ll;0CTaTO'IHblM ,n;JIB npoBe,n;eHHB H3yt:JeHHB 

rJIIO0HH0r0 pacnpe,n;eJieHHB B npOT0He B HOBOH, paHee He H3y'IeHH0H, KHHeMa

TH'IeCKOH o6JiaCTH no X -Q2 
Herrocpe,n;cTBeHH0 B 3KCrrepHMeHTaX Ha TsBaTpOHe 

B Run II n LHC npn nx Bb1xo,n;e Ha rrJiaHnpyeMyro CBeTHMOCTb. 
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Anpo6an;:iu1 pa6oTbl. 

OcHOBHhie Pe3YJihTaThl .n;nccepmu;nn ,ll;OKJla,D;hIBaJIIICh Ha Hay'lHhIX ceMIIHa

pax Jla6opaTopuu .a.n;epHhIX npo6JieM OM5IH, MHoro'lnCJieHHhIX ceMnHapax pa-

6o'lux rpynn KOJIJia6opaIInil: CMS (LHC, CERN) H DO (T,maTpoH, Fermilab), 

Ha KOJIJia6opaIIHOHHh1x MHTIIHrax 3KcnepnMeHTOB DO, CMS, a TaK)Ke Ha CJie

.n;JIOIQIIX KOHcpepeHIIII.HX: 

1. Third Annual RDMS CMS Collaboration Meeting / / IJ;EPH, IIIBeil:IIa
pu.a, 16-17 .n;eKa6p.a 1997 . 

2. XV International Seminar "Relativistic Nuclear Physics and Quantum 

Chromodynamics"// OH5IM, ,lzy6Ha, 25-29 ceHrn6p.a 2000. 

3. XV International Workshop "High Energy Physics and Quantum Field 
Theory"// TBeph, 14-20 ceHT.a6p.a 2000. 

4. II.am.a Hay'lHa.H KOHcpepeHIIII.H MOJIO,D;hIX y'leHhIX u cneIIna.rrncToB/ / OM-
5II1, ,lzy6Ha, 5-10 cpeBpa.rr.a 2001. 

5. XVI International Seminar "Relativistic Nuclear Physics and Quantum 

Chromodynamics"/ / OI15IH, ,lzy6Ha, 17-22 HIOH.H 2002. 

6. XI International Workshop on Deep Inelastic Scattering "DIS 2003"// 
CattKT-IleTep6ypr, 23-27 anpen.a 2003. 

Ily6mnra:u;nn. 

Ilo MaTepna.rraM .n;uccepmu;uu ony6JIIIKOBaHO (u npHH.HTO K ony6JIIIKOBa

HHIO) 18 pa6oT. M3 HUX 5 pa6oT - B )KypHa.rrax, 4 - B MaTepua.rrax Me)K.n;yHa

po,n;HhIX KOHcpepeHIInil:, 1 - B MaTepua.rrax coBeIQattnil: RDMS CMS KOJIJia6o

paQIIn, 4 - KaK DO Notes, 4 - KaK Coo6IQeHII.H u npenpHHThl OI15II1. 

CTpyKTypa II o6'beM_ ,n;HccepTaIJ;HII. 

,II;uccepTaIIH.H 06'heMOM 164 CTpaHHIIhl COCTOIIT H3 BBe,n;eHII.H, 8 rJiaB, BKJIIQ

'laIOIQllX 36 naparpacpoB, 3aKJIIO'leHII.H, npIIJIO)KeHII.H, CIIHCKa JIHTepaTyphl H3 

112 HaIIMeHOBaHHil:. OHa TaK)Ke co.n;ep)KHT 80 pucyHKOB u 51 m6JIHQY. 
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Co~ep:»<a.H1:1e· pa6oThI. 

,II;uccepTaIIII.H Ha'lIIHaeTC.H C BBep;eH1u1, B KOTOpOM .n;enaeTC.H o63op cpu-

3II'leCKIIX nepcneKTHB H 3a,D;a'l, KOTOpbie npe,n;CTOHT penrnTh Ha cyIQeCTBYIO

IQllX (TaBaTPOH) H co3,n;aBaeMhIX (LHC) KOJIJiail:.n;epax TaB-HhIX 3Heprnii. Ha 

HeCKOJihKIIX npnMepax pemaeMhIX cpH3u~ecKnx 3a,n;aq Ha TaBaTpOHe 11 LHC .n;e

MOHCTPHPYeTC.H aKTYaJihHOCTh pacc.MaTpIIBaeMOH B .n;uccepTaIIIIll TeMhl II cpop

MyJinpyeTC.H IIMh pa60Thl. ,II;enaeTC.H KpaTKIIil: o63op 3a.n;a•1 H MeTO,ll;OB, 0IIII

CaHHhIX B .n;uccepmu;uu. KpaTKO H3JIO)KeHo co.n;ep)KaHue .n;11ccepmIIIIII. 

IlocKOJihKY Han60JihIIIee BHIIMaHHe . B .n;uccepTaIIIIll y,n;M.HeTC.H II3y'leHHIO 

co6hITHH acCOIIIIaTHBH0ro pO)K,D;eHH.H np.HMhlX q>OTOHOB 11 CTpyil: B ,n;eTeKTOpe 

DO H B03MO)KHOCT.HM npuMef{eHirn Hail:,n;eHHOro MeTO,D;a ycTaHOBJieHll.H 3Hepru11 

CTpy11 K cp11311qecK11M npoIIeccaM Ha ,n;eTeKTope DO, B nepnoii rJiaae .n;aeTc.H 

KpaTKOe OIIHCaH11e ,n;eTeKTOpa, a TaK)Ke paCCMaTpIIBaeTC.H npOBO,ll;IIMa.H Ha HeM 

MO,n;epH113aIIIIH IIO cpaBHeHIIIO C Run I. IlporpaMMa Mo.n;epHH3aIIIIII ,l],IIKTyeTC.H 

<pll3II'leCKllMII 3a,D;a'lat-m, KOTOpbie npe,n;CTOIIT peUUlTh B Run II (noncK 6030-

HOB Xnrrca npoMe)KyT0'lHhIX Mace, 'laCTllII Bne Cmu.n;apTHOil: Mo.n;eJiu, cpu311Ka 

T0IT-KBapKa, B-cpn3nKa H T . .n;. ). OHa cocronT, npe)K)J,e BCero, II3 aa.Mem,, mpe-

1weou cucme.Mtii B IIenTpaJihH0il: u nepe,n;Heil: o6JiacT.ax .n;ereKTopa c BBe,n;eHI1-

eM CHJIIIKOH0BOrO MllKp0CTpIIII0BOro TPeKepa, TpeKepa ua CIJ;IIHTllJIJI.HIJ,lI0HTfbIX 

BOJIOKHax H cynepnpoBO,ll;.HIQero Marum.a, o6ecne'lnBaIOIQero MarHIITH0e nOJie 

B 2 TeCJia, ao6a6JleHWI. qettmpa.!lb'l-t020 u nepeatte20 npeaJl'llBtte61,!,X Jeme-x:mo

po6 (preshower}, aa.Mem>1 nepea1-1eu M1001-11-1ou cucme . .ww, pecmpy1.mypuaa~uu 

mpuzzepttou cucme.Mu u cucme.Mw c6opa Jattttux c IIeJihIO a,n;anmIInn K 60Jiee 

BhIC0KOil: HHTeHCIIBH0CTII co6hITIIH 11 K HOBOH TpeKOBOil: CHCTeMe. 

TaK KaK OCHOBHhIMll na6JIIO)J,aeMbIMH o6'beKTaMH B paccMaTpHBaeMOM npo

IIecce .HBJI.HIOTC.H q>OTOH II a.n;p0HHa.H CTPY.H, BO BTOpoii rJiaBe .n;aeTC.H KpaTK0e 

BBe.n;enne B KBaHT0BYIO xp0MO,ll;llHaMHKY n q>H3HKY CTpyil: (§2.1), onncanue 

OCHOBHhIX aJirOpIITMOB IlOIICKa CTpyil: C y.n;eJieuneM OCHOBIIOrO BHIIMaHII.H «KO

HYCHOMY» aJiropnTMY c IIOHCKOM npeKJiaCTep0B (§2.2). B §2.3 nepe'lHCJieHbI 

3KCnepHMeHTaJihHhie Ka'leCTBeHHhie KpnTep11n OT6opa CTpyil:, HCIIOJlh3yeMhle B 

cpn3H'leCKOM aHaJIH3e 3KcnepnMeHm DO. B §2.4 paccMoTPeHhI KpnTepnn, npn

MeH.HeMhle ,n;JI.H OT6opa q>OTOHHhIX Kail,l],H,D;aT0B B 3KCnepnMeHTa DO. ,II;onOJIHH

TeJihHhie. KpnTepun OT6opa q>OTOHOB, H3y'leHHhie B .n;nccepaIIHII, paCCMOTpeHhI 
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B IIHT0ii rJiaBe. B §2.5 ll3JI0)KeHbl 0CH0BHbie <paKTOpbI, BJIHHIO~e Ha H3MeHe

Hne HaqaJibH0ii (Ha ypoBHe qaCTm~) ,meprnn CTpyn. 

TpeTh.H rnaaa II0CBHIIWHa q>H3HKe npoQeCC0B p0)K)];eHHH npHM0ro cpo

T0Ha n cTpyn. B §3.1 ,n;aeTCH o6IQee onncaHne oco6eHHOCTeii paccMaTpnBae

Moro npoQecca, onpe,n;eJIHeMoro Ha napT0HH0M ypoBHe no,n;npoQeccaMn «K0M

nT0H0BCKoro» pacceHHHH qg ➔ q + 'Y (,n;aroIQero 0CH0BH0ii BKJia,n; B ceqeHne) 

ll aHHHrHJIHQllll qij ➔ g + 'Y, a TaK)Ke 3a,n;aq, K0T0pbie M0ryT 6hITb peme

Hbl npn perncTpaQnn/Bbl)];eJieHnn C00TBeTCTBYIOIQHX HM peaJibHbIX co6h1Tllii 

pp(pp) ➔ ,+CTpyH+X B 3KcnepnMeHTaX Ha T3BaTpoHe (n LHC). llMn HBJIH

IOTCH yCTaH0BJieHne illKaJibl 3Heprnn CTPYJI Ha yp0BHe qaCTHQ (T.e. 3HeprnH 

CTpyn B M0MeHT ee o6pa3oBaHnH, ,n;o perncTpaQnn B ,n;eTeKTope) H H3MepeHne 

rJIIO0HH0r0 pacnpe,n;eJieHnH B np0T0He. 

B §3.2 0CH0BH0e BHHMaHHe cocpe,n;oToqeH0 Ha B03M0)KH0CTH npoBe,n;eHHH 

KaJIH6pOBKll 3HeprnH CTpyn C ncnOJib30BaHneM llHq>OpMaQllll 06 3HeprHH cpo

T0Ha, ,n;0CTaT0qHo T0qHo onpe,n;eJIHeM0H B 3JleKTp0MarHHTH0M KaJI0pHMeTpe. 

Ilpn 3T0M n0Ka3aHa HenpnMeHHM0CTb HaHBH0H n,n;en KaJin6pOBKH, 0CH0BaH

HOH Ha paCCM0TpeHnn TOJibK0 npoQeCC0B napT0HH0ro pacceHHHH B Jlll)];Hpyro

IQeM nopH,n;Ke Teopnn B03MyIQeHnii, n ncxo,n;HIQeii: n3 npe,n;nOJI0)KeHnH HyJieBoro 
--y -part 

cyMMapHoro nonepeqHoro llMIIYJibCa q>OTOHa Pt H napT0Ha Pt B K0HeqH0M 

C0CT0HHHH. B 3T0M CJiyqae Plart M0)KeT 6bITb BOCCTaH0BJieHo no Pt 'Y npocTbIM 
-part -'Y 

npncBoeHneM: Pt = - Pt . ll, CJie,n;oBaTeJibH0, nonepeqHhiii nMnyJihC CTpyn 

p/et, o6pa3yeMoii npn cpparMeHTaQllll KBapKa/rJIIOOHa K0HeqHoro C0CT0HHHH 

no,n;npoQecca )KeCTKoro pacceHHHH, 6y,n;eT ,n;ocmToqHo 6Jin3oK no BeJinqnHe K 
-jet -'Y 

Pt'Y: Pt ::::: -Pt . 
O,n;HaKO B CHJIY pH,n;a cpaKTOpOB (rJiaBHbIM o6pa30M, ll3-3a H3JlyqeHHH B 

HaqaJibH0M ll K0HeqH0M C0CT0HHHHX npoQecca napT0HH0ro pacceHHHH, a,n;po

Hll3aQHH ll kr,-3cp<peKTa), paCCM0TpeHHbIX B 3T0M naparpacpe, nonepeqHbie llM

nyJibCbl q>OTOHa JI CTpyn 0Ka3bIBaIOTCH CHJibH0 pa36aJiaHC1IpoBaHHblMH. 

OT,n;eJihHO oQeHnBaeTCH BJIHHHne kr-3cpcpeKTa n a,n;poHn3aQnn Ha BeJinqnHy 

6aJiaHca Pt 'Y -:- p/et (§§3. 7,3.9). 

B §3.3 np0B0,Il;llTCH KJiaCCH<pllKaQHH q>H3nqecKHX o6'beKTOB, K0T0pbie BXO

)];HT B co6bITHe «q>OTOH+CTPYH>>, ll BB0)];HTCH C00TBeTCTBYIOIQHe HM ll3MepHe

Mbie KHHeMaTnqecKne nepeMeHHbie. Ha 0CH0Be )];aHHbIX nepeMeHHblX BbIIlllCbI

BaeTCH ypaBHeHne 6aJiaHca nonepeqHbIX HMnyJibC0B q>OTOHa n CTpyn, o6'be,n;n

HHIOIQee B ce6e xapaKTepHCTHKll 0CH0BHbIX <pll3HqecKHX o6'beKTOB co6blTHH. 
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,lI;aHHOe ypaBHeHne M0)KeT 6bITb npe,n;cTaBJieH0 B CJie,n;yIOIQeM CKaJIHpH0M Bll

,n;e: 

Pt'Y - Ptjet 
Pt'Y = (1 - costl<jJ) + Pt(O+r, > 4.2)/ Pt 'Y, 

- out -1111>4.2 _ · t 
r,n;e Pt(O+r, > 4.2) = (Pt + Pt ) -n1e , a 

ii,jet - e,n;nHnqHblii BeKT0p B HanpaBJieHHll no-
. t - jet . t 

nepeqHoro nMnyJibca CTpyn ii,Je = Pt / Pt1e . 
-out 

BeJinq11Ha Pt onpe,n;eJieHa KaK BeKT0pHaH 

cyMMa nonepeqHblX HMIIYJibC0B qaCTHQ, Haxo-

)];HIQHXCH B ,n;eTeKTHpyeMOH o6JiaCTH ycTaH0B

KH DO, HO He BKJiroqaroIQaH B ce6H qacTHQbI 

CTPYH II npHM0ii q>OTOH (T.e. BHe CHCTeMbl <<q>0-
-1111>4.2 

ToH+cTpyH>> ). BeJI11q11Ha Pt - BeKT0p-

HaH cyMMa nonepeqHblX HMIIYJibC0B qacTHQ B 

He,n;eKT11pyeMoii 06JiacT11 ycmH0BKH DO (1111 > 
4.2). 

Imbalance 

jet 

(2) 

photon 

1111>4.2 

P11c. 1: O,n;Ha 113 B03M0)KHbIX op11eHTaQHil BeKTopoB Pt, Bxo,n;HIQHX B ypaBHeH11e 

Pt-6aJiaHca co6hITHH pP ➔ ,+jet + X. 

B 3T0M )Ke naparpacpe npoB0)];HTCH cpaBHeHHe C ypaBHeHHeM, Jie)KaIQHM 

B 0CH0Be MeT0,n;a KaJIH6poBKH, K0T0pblii llCII0Jib30BaJICH B 3KCIIepHMeHTaX J?O, 

CDF Ha T3BaTpOHe B Run I. IlpnBo,n;HTCH Kp11Tep1111, HCIIOJib30BaHHbie )];JIH 

OT6opa co6bITHii <<q>OTOH+CTpyH>> ,n;JIH HX 113yqeHHH Ha yp0BHe qacTHQ. 

O6cy)K,n;aeTCH pOJib H0BblX KpHTep11eB, He HCII0Jib30BaHHbIX paHee KaK B 

3KcnepHMeHTax Ha T3BaTpoHe B Run I, TaK II HH B o,n;Hoii 113 ,n;pyr11x KOJIJia6o

paQHii:. 9To, npe)K)];e Bcero, )KeCTK0e orpaH11qeH11e nonepeqHoro HMIIYJibCa KJia

CTepoB (MHHH-CTpyii:) P{lust ' perncTpnpyeMbIX BHe CHCTeMbl <<q>OTOH+CTPYH>>. 

chn KJiaCTepbl HBJIHIOTCH qaCTbIO ,n;pyroii: 3KCIIepnMeHTaJibH0 ll3MepHeMOH Be

JillqllHbI, BXO)];HIQeil Henocpe,n;cTBeHH0 B ypaBHeHne 6aJiaHca, - Pt out. KaK 0TMe

qaeTCH B §3.9 n §4.2 ,n;nccepTaQHH, )KeCTKHe orpaHnqeHnH, BB0)];HMbie Ha P/lust 

H Pt°ut' npnB0,n;HT, C 0)];H0H CT0p0HbI, K cyIQeCTBeHH0MY YBeJinqeHHIO T0qHo

CTll 0IIpe,n;eJieHHH 3HeprHH CTpyH (yMeHbilleHHIO ClICTeMaTJiqeCKOll He0npe,n;e

JieHH0CTH TaKoro onpe,n;eJieHnH), a C ,n;pyroil CT0p0Hbl, K 3HaqnTeJibH0MY II0-

)];aBJieHHIO BKJia,n;a q>OHOBblX co6bITllll. TaK)Ke II0Ka3aHo BJIHHHHe orpami:qeHnii 
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BeJIHqHHhl Pt cluSt 
Ha 0CH0BHbie KHHeMaTnqeCKHe nepeMeHHbie, xapaKTepH3JIO

m;ne npo~ecc <<q>OTOH+cTpya» (P/8 R,tl<f>(-rJet), Ptl11l>4-2 ,Ptout, Pt-6a.rrattc Ha 

napT0HH0M ypOBHe). 

B 9T0M )Ke naparpaq>e o6'bHCHHeTCB BBe,z\eHne H0B0r0 II0HHTHH - «H30JIH

p0BaHHbIX» CTpyil:. KaK II0Ka3aH0 B §4.2, Tpe60BaHHe <<H30JIHp0BaHH0CTH» crpyn 

TaK)Ke npHB0.z\HT K 3aMeTH0MY yJiyqmeHHIO 6a.rraHca Pt 'Y - Ptiet. 

B §3.4 onpe,I\eJIHeTCB qnCJio co6hITHil «q>OTOH+CTPYH>>, IIpHr0,I\HbIX ,l\JIH 

npoBe,I\eHHH KaJIH6pOBKH 9HeprHH CTpyn, K0T0pbie M0ryT 6bITb Ha6pattbl B 

9KcnepnMeHTe DO B Run II B pa3JinqHhIX o6JiaCTHX no Pt 'Y n nceBA06b1cTpo

Te CTpyn .,,;et_ B §3.5 II0Ka3aH0 BJIHHHHe orpattnqeHHH ptcluSt Ha OT6op co-

6bITHH C MaJibIM H3JiyqeHHeM B HaqaJibH0M C0CT0HHHH. B §3.6 HCCJie,l\yeTCB 

pacnpe,I\eJieHne 110 Pt BHYTPH H BHe CTpyn (HaH,I\eHHOH np0CTbIM K0HJCHbIM 

a.rrropHTMOM) C paCCM0TpeHHeM 0TH0llieHHH 9Toro Pt K Pt'Y• §3.7 II0CBam;eH 

ncCJie,I\0BaHHIO 3aBHCHM0CTH 6a.rrattca Pt 'Y - Piet OT 3HaqeHHH BHyTpeHHero 

11011epeqHoro HMIIJJihCa 11apTOHa (kT-9q>q>eKT). B §3.8 o~eHnBaeTca AOJIH 11011e

peqHoro HMIIJJibCa CTpyn, YH0CHMaH He,z\eKTHpyeMbIMH qaCTn~aMH (Heil:TpHHO, 

MIO0HaMH C 1,t1 > 2.5). B §3.9 llp0B0,I\HTCB paCCM0TpeHne 3aBHCHMO~H 6a.rratt

ca Pt'Y - Piet OT orpaHnqeHnil Ha Ptclust H Ptout B cnrHaJibHhIX co6bITHHX co 

crpyeil B ~eHTpaJibH0il: o6JiaCTH KaJiopnMeTpa DO. 
'tJeTnepTrul I'Jiana II0CBHID;eHa paCCM0TpeHHIO H aHaJIH3Y q>OHOBbIX co-

6bITHH K p0)K,I\eHHIO llpHMbIX q>OTOHOB n CTpyil:. IlepeqnCJieHbl HX 0CH0BHbie 

HCTQqHHKH, K K0T0pbIM 0TH0CHTCH co6bITHH C BbIC0K09HepreTnqHblMH q>OTO

HaMH, p0)K,z\eHHbIMH B Heil:TpaJibHbIX KaHaJiax pac11a,n;a 1r0, 1/, W H Kf Me30H0B, 

a 'ffiK)Ke co6bITHH C q>OTOHaMH T0pM03H0ro H3JiyqeHHH, o6pa30BaHHbIX, rJiaB

HbIM o6pa3oM, B 11po~eccax qg ➔ qg, qq ➔ qq n gg ➔ qiJ. pacceaHna. 06-
cy)K,l\aeTCB BKJia,D; co6bITHH, C0,I\ep)l(3,ID;IIX e± B KaqecTBe KaH,z\H,l\aTa Ha 11pa

M0H q>OTOH. Ha pa3JlnqHbIX ypoBHHX llpHMeHeHHH KpHTepneB OT6opa C06bITHil: 

«q>OTOH+CTpya» npHB0,I\s.lTCB 0TH0CHTeJibHbie BKJia,D;hl pa3JIHqHhIX THII0B q>O

H0BbIX co6hITHH. O~eHeH BKJia,D; co6hITHil: C q>OTOHaMH T0pM03Horo H3JlyqeHHH 

KaK HellpHB0,I\HMbIX q>OHOBblX co6hITHil:. 

B mnp0K0M ,l\HaIIa30He H3MeHeHHH orpattnqeHHil Ha BBe,I\eHHhle BeJIHqHHbl 

Pt cluSt 
H Pt out ,I\eM0HCTpHpyeTCB HX BJIHHHHe Ha C0Kpam;eHne BKJia,D;a q>OHOBblX 

co6hITHil:. ThK HarrpnMep, npn oT6ope co6h!THil: Ha ThBaTpoHe c Pt'Y > 40 I'9B/c 

y)KeCToqeHne BepxHero orpattnqeHHH OT Ptclust < 30 I'9B/c (Ptout He orpattn

qeH) AO Ptcluat < 5 I'9B/c H Ptout < 5 I'9B/c rrpHB0,l\HT K noqTn ,I\ByKpaTH0My 

IO 

lf 

) 

') 

1 

yJiyqmeHHIO 0TH0meHHH cnrHa.rr/q>oH. Ilpn atta.rrornqHoil: Bapna~nn orpaHn

qeHnil Ha BeJIHqHHbl PtcluSt H Pt out II0Ka3aHa ,I\HHaMHKa yJiyqmeHHH TQqHQCTH 

011pe,I\eJieHHH 9HeprHH CTpyn H qnCJI0 co6hITHH, K0T0pbie M0ryT 6bITb Ha6paHbl 

B 9Kc11epnMeHTe DO. 
IlHTrul I'JiaBa C0,z\ep)KHT pe3JJibTaTbl HCCJie,I\0BaHHs.l ,n;eTeKT0pHbIX B03-

M0)KH0CTeil: ,l\JIH Bbl,z\eJieHHH co6hITHH «llpHM0il: q>OTOH+CTpya» Ha T9BaTpOHe 

n LHC. B §5.1 11pnBe,I\eHbI proyJihTaThI no pa3,I\eJieHniO cnrua.rrbHhIX n q>o

H0BhIX co6bITHil: 11pn aHaJIH3e HHq>OpM~HH 06 9Hepr0Bbl,I\eJieHHHX B gqefiKax 

Ka.rropHMeTpa n 11pe,l\JIHBHeB0M AeTeKTope (preshower) ycTaH0BKH DO. TaK, 

II0Ka3aH0, qTQ BBe,z\eHHbie KpHTepnn II03BOJIHIOT llpH 9q>q>eKTHBHOCTH OT6o

pa llpHMbIX q>OTOHOB fS = 30 - 40% 0TCeHTb ~ 80 - 90% q>OHOBbIX co6bITHH 

C HCIIOJib30BaHHeM TOJibK0 KaJI0pHMeTpnqecKHX ,z\aHHbIX H npn fS = 84-87% 

0TCeHTb ~ 60 - 65% q>OHa, HCilOJib3JSI TOJibK0 HHq>OpM~HIO 0 KJiaCTepax B 

11pe,l\JIHBHeB0M ,z\eTeKT0pe. AHa.rrornqHbie o~eHKH B03M0)KH0CTeH 110,z\aBJieHHH 

BKJia,D;a q>OHOBbIX co6bITHil: K acco~naTHBH0MY p0)K,I\eHHIO npHMbIX q>OTOHOB n 

CTpyil B AeTeKTope CMS 11pnBe,z\eHhl B §5.2. 

IIIecTruI rJiana C0,I\ep)KHT o6m;ee 011ncaHne 11po~e,z\ypb1 KaJin6poBKH 9Hep

rnn CTpyn. B §6.1 0IIHCbIBaeTCB 11po~e,z\ypa n KpHTepnn, 11pnMeHHeMbie ,l\JIH 

11pe,z\BapHTeJibH0ro OT6opa ,I\aHHbIX. B §6.2 ,n;aIOTCs.l 011pe,n;e.n:eHHH H0BbIX q>H-

311qeCKHX o6'beKTOB, HCilOJib30BaHHbIX ;:\JIB OT6opa co6bITHil: «q>OTOH+cTpyH>>, 

a TaK)Ke npHB0,z\s.lTCB HX ClleKTpbl B 9KC11epnMeHTaJibHbIX ,z\aHHbIX. B §6.3 11po

,I\eM0HCTpHp0BaHa 11po~e,l\ypa Hax0)K,I\eHHH 0TKJIHKa KaJI0pHMeTpa ,I\eTeKT0pa 

DO Ha 9Heprmo CTpyn C npoBe,z\eHHeM aHaJIH3a 0CH0BHbIX HCT0qHHK0B omn-

6oK. 3,I\eCh TaK)Ke 0IIHCaH HCIIOJih3JeMhlil: MeT0,z\a MHHHMH3~IH * H II0HCKa 

KaJin6pOBOqHhIX K09q>q>H~HeHTOB, He06XO,z\HMhIX ,l\JIH B0CCTaH0BJieHHSI 9Hep

rnn CTpyn 110 Ha6JIIO,I\aeMhIM 9Hepr0Bhl,I\eJieHHHM B KaJI0pHMeTpe. IloKa3aHO 

BJIHHHHe KpHTepneB OT6opa co6bITHil: «q>OTOH+cTpya» Ha TQqHQCTH <<IlpHCBO

eHHSI» 9Heprnn CTpye B co6bITHH «q>OTOH+crpya»H Hax0)K,I\eHHH KaJIH6poBoq

HhlX K09q>q>H~HeHTOB. B §6.4 Il0,I\B0,l\BTCH IIT0rH 110 npo~e,z\ype orrpe,I\eJieHHH 

0TKJIHKa. B §6.5 11p0B0,I\HTCB cpaBHeHne HeKOT0pbIX xapaKTepHCTHK, IIOJiyqeH

HhIX B peaJibHhIX ,I\aHHhIX C pe3JJihTaTaMH MoHTe-Kapno M0,I\eJIHp0BaHHH. 

Ce.n;&Ma.H rJiana nocnam;eHa nepcneKTHBaM 11pnMeHeHna co6h1T11il: «npa

Moil q>OTOH + crpya» ,l\JIH 113yqeHHSI I'JIIO0HH0ro pacnpe,I\eJieHHH B np0T0He 

"Mero.I{ OCHOBaII Ha HCil0Jlb30BaHHH naxe-ra MINUIT. 
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ff(x, Q2 ) n sKcnep11MeHTax Ha TsnaTpoHe II LHC. ,LJ;aeTca o6oCHOBaHIIe B03-

MO:lKHOCTII IICnOJib30BaHIIH co6bITIIH «npHMOil: q>OTOH + CTpym> ,zvrn: onpe,n.ene

HIIH !& (x, Q2 ), noKa3aHhl npeIIMyIIJ,eCTna no cpanHeHIIIO co CJiy'IaeM II3BJie'Ie

HIIH !& (x, Q2 ) II3 ,n.aHHbIX no perIICTpaQIIII IIHKJII03IIBHbIX q>OTOHOB. 

B §7.1 nepe'IIICJieHhl OCHOBHhie IICTO'IHIIKII q>OHOBbIX co6bITIIH. B §7.2 npo

ne,n.eHa KJiaCCIIq>IIKaQIIH OCHOBHbIX TIInOB q>OHOBbIX co6bITIIH no q>yH,n.aMeH

TaJibHblM KX,LJ; npoQeccaM pacceHHIIH 2 ➔ 2. IloKa3aHo, KaK ,zvrn: CJIY'IM Tsna

TpoHa, TaK II ,D.JIH CJiy'IaH LHC, 'ITO Ha OCHOBHblMII IICTO'IHIIKaMII q>OHOBbIX 

co6hITIIH Ha napTOHHOM ypOBHe HBJISIIOTCSI no,n.npoQeCCbl pacceSIHIISI qg ➔ qg II 

qq ➔ qq, qij ➔ qij c 60Jiee 'IeM 50% BKJia,D.OM OT npoQecca qg ➔ qg pacces:HIISI. 

B §7.3 onpe,n.eJISIIOTCSI 'IIICJia co6bITIIH <<npSIMOil: q>OTOH+cTpys:», KOTOpbie 

MoryT 6hITh Ha6paHhI Ha LHC npII LuHT = 10 fb- 1• ,LJ;enaeTCH OQeHKa nKJia

,n.on pa3JIII'IHbIX TIInOB co6bITIIil:, npome,n.mIIX KpIITepIIII OT6opa, KaK q>yHK

QIISI nonepe'IHOro IIMnyJibCa nps:Moro q>OTOHa (IIJIII ero KaH,D.II,D,aTa). TaK:lKe 

onpe,n.eJISIIOTCSI 'IIICJia OT06paHHbIX co6bITIIH «nps:MOH q>OTOH+cTpySI>> II3 pp
B3alIMO,D.eil:CTBIIH Ha TsnaTpOHe n Run II npII IIHTerpaJibHOil: CBeTIIMOCTII LnHT = 
3 Jb- 1 (§7.4 ). B §7.5 ,n.enaIOTCSI HeKOTOpbie BbIBO,ll.hI, IloKa3aHbl HOBbie KIIHeMa

TII'IeCKIIe o6JiaCTII no X - Q2 ' KOTOpbie MOryT 6bITb IIOKpbITbl npII II3y'IeHIIII 

rJIIOOHHOH nJIOTHOCTII C nOMOIIJ,blO ,ll.aIIHbIX npoQeCCOB. IIpoBO,D,IITCSI cpanHe

HIIe c KIIHeMaTII'IeCKIIMII o6JiaCTSIMII, noKpbITbIMII n ,n.pyrIIX SKCIIepIIMeHTaX 

110 II3y'IeHIIIO CTPYKTYPHhIX q>yHKQIIil: npoToHa. 

B §7.6 011pe,n.ens:eTcs: 'IIICJIO co6hITIIil:, .OCHonaHHhIX Ha KX,LJ; no,n.npoQec

cax gc(b) ➔ 'Ydir + c(b) n pa3HhIX IIHTepnanax no x II Q2 , KOTOpbie MoryT 

6h1Tb IICnOJib30BaHbl ,D.JISI onpe,n,eneHIISI q>yHKQIIH pacnpe,n.eJieHIISI c(b)-KnapKOB 

n npoTOHe Ha TsnaTpOHe II LHC. 

K1IHeMaT1I'IeCKaSI o6JiaCTh, KOTOpM MO)KeT 6hITb noKpbITa IIPII II3y'IeHIIII 

npoQecca qg ➔ 'Y + q n sKcnepIIMeHTaX Ha TsnaTpOHe II LHC npe,n.CTaBJieHa 

Ha pIIC. 2. 

B BOCbMOH l'JiaBe noKa3aHa B03MO:lKHOCTb IICnOJih30BaHIISI co6bITIIH po

:lK,D,eHIISI <<Z-6o3oH+CTpym> (c pacna,n.aMII Z-6o30Ha no MIOOHHOMY II SJieKTpOH

HOMY KaHaJiaM) B SKcnepIIMeHTaX Ha LHC ,n.mi: npone,n.eHIISI KaJIII6ponKII SHep

rIIII CTpyII II onpe,n.eJieHIISI rJIIOOHHOro pacnpe,n.eneHIISI B npOTOHe. IloCJie npII

MeHeHIISI BBe,n.eHHblX KpIITepIIeB OT6opa npo,n.eMOHCTpIIpOBaHbl pe3yJihTaTbl 

OQeHKII BKJia,n.a q>OHOBbIX co6bITIIH K nx po)K,ll.eHIIIO. IIpaKTII'IeCKOe OTCYTCTBIIe 

q>OHa K co6bITIISIM «Z-6o3oH+CTpys:>> II ,ll.OCTaTO'IHOe 'IIICJIO STIIX co6bITIIH 
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PIIc. 2: KIIHeMaTH'IecKM o6JiaCTh (x, Q2 ) npoQecca pp ➔ 'Ydir + jet Ha Tsna

TpoHe II LHC. 

,D,eJiaeT BeCbMa nepcneKTIIBHbIM IIX IICnOJih30BaHIIe ,D.JISI II3y'IeHIISI l'JIIOOHHOro 

pacnpe,n,eneHIISI B npoTOHe. 

B 3aKJIIO'leHJUI Cq>OpMyJIHpOBaHbl OCHOBHbie pe3yJihTaTbl ,D,IICCepTaQIIII. 

OcHOBHLie pe3yJI1>TaTbl H BbIB0,D;bl ,n;nccepTa~HH: 

1. C noMOIIJ,hIO MO,D,eJIIIpoBaHIISI MeTO,D,OM MoHTe-Kapno co6bITIIil: «nps:Moil: q>o

TOH + CTpys:>> B yCJIOBIISIX SKCnepIIMeHTa DO, a TaK:lKe co6bITIIH <<Z-6o30H + 

cTpys:» npII sHeprIIs:x LHC II IIX aHaJIII3a ycTaHOBJieHbI ocHOBHhie q>aKTOph1, 

npHBO,D,SIIIJ,IIe K HapymeHIIIO 6anaHca Me:lK,n,y nonepe'IHhIMH HMnyJibCaMH q>OTO

Ha (Z-6o30Ha) P/Y(Z) II CTpyII Piet_ MMn SIBJISIIOTCSI H3Jly'IeHIISI n Ha'IaJihHOM II 

KOHe'IHOM COCTOSIHIISIX q>yH,D,aMeHTaJibHOro napTOHHOro npoQecca pacceSIHIISI, 

a,n.pOHH3aQIISI napTOHa B CTpyio. 

IloKa3aHO, 'ITO Sq>q>eKT no11epe'IHOro ,n,niI:lKeHns: IIMnyJihCa napTOHa BHY

TPII npOTOHa ( kT-Sq>q>eKT) · ,n,aeT 3Ha'IIITeJihHO MeHbillIIH BKJia,D. B BeJIII'IIIHY 

,l],IIC6aJiaHca Pt 7 - Piet no cpaBHeHIIIO c II3Jly'IeHIIeM n Ha'IaJibHOM COCTOSIHIIII. 

2. IIpe,n,JIO:lKeHhl HOBhie KpIITepIIII OT6opa co6bITIIH «q>OTOH (Z-6o3oH) + CTpys:», 
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KOTOpbIC no3BOJUIIOT 3HaqnTeJibHO YMCHbIIIIITb 3HaqeHII.H ,n;nc6aJiaHca MC)K,D;y 

nonepeqHbIMII IIMnJJibCaMII q:>OTOHa (Z-6o30Ha) Pt 7(Z) II CTPYII Ptjet. 

Jl:aHHblC KpIITCPIIII OCHOBaHbl Ha IICnOJib30BaHIIII HOBbIX q:>Il3IlqecKIIX Ha-

6JIIO,D;aCMbIX, TaKIIX KaK H3MepaeMbiil: nonepeqHbiil: IIMnyJihC Bcex qacTIID; BHe 

CIICTCMbI <<q:>OTOH (Z-6o3oH) + cTpya>>, nonepeqHbiil: IIMnyJihC KJiacTepoB (MIIHII

CTpyil:), a TaK)KC Ha paCCMOTpCHIIII co6bITilil: C <<Il30JII1pOBaHHbIMH>> CTPY.HMII. 

3. Onpe,n;eJICHO qIICJIO co6bITilil: <<Ilp.HMOil: q:>OTOH + CTpy.H>>, KOTOpoe MO)KCT 

6bITb Ha6paHO Ha T::rnaTpOHC B Run II B pa3HbIX o6JiaCT.HX no nceB,n;06bICTpOTC 

CTPYII II nonepeqHoMy IIMnJJihcy q:>OTOHa. IIoKa3atto, qTo noJiyqeHHa.H CTaTII

CTIIKa .HBJI.HCTC.H ,D;OCTaTOqHoil: ,D;JI.H npOBC,D;CHII.H KaJIII6pOBKII 3HeprI1II CTPYII B 

3KCnepI1MCHTaX Ha TaBaTpOHC. 

AHanorilqHa.H on;eHKa qI1CJia co6b1TI1il: <<Z-6o30H + cTpya>> ( c pacna,n;oM 

z0 ➔ e+e- IIµ+µ- napb1), KOTOpbIC MOryT 6hITb co6paHbl Ha LHC npII CBe

TIIMOCTII L = 10 Jb- 1 II npilrO,D;Hbl ,D;JI.H npOBC,D;CHII.H KaJII16pOBKII 3HeprI1II 

CTPYII, nOKa3bIBaeT, qTo O)Kil,D;aeMa.H CTaTHCTIIKa .HBJI.HCTC.H ,D;OCTaTOqHoil: ,D;JI.H 

npOBC,D;CHII.H TaKOil: KaJII16pOBKII c nOMOin;bIO ,n;aHHbIX co6bITilil:. 

4. Ha ocnoBe MoHTe-KaPJIO MO,D;CJIIlpOBaHII.H npon;eccoB pp--B3aIIMo,n;eil:CTBII.H 

npII 3HeprI1.HX TeBaTpoHa c IICnOJib30BaHIICM naKCTa PYTHIA, on;eHCHbI oT

HOCIITeJibHbIC BKJia,D;bl OCHOBHbIX IICTOqHIIKOB q:>OHOBbIX co6bITIIil: K pO)K,ll;CHIIIO 

CIIrHaJibHbIX co6bITilil: <<np.HMOil: q:>OTOH + CTpy.H>>, K KOTOpbIM OTHOC.HTC.H co6bI

TII.H C BbICOK03HeprCTIIqHbIMII q:>OTOHaMII, pO)K,ll;CHHbIMII B HCil:TpaJibHbIX Kana

Jiax pacna,n;a 1r
0 ' 'f/, w II Kf MC30HOB; co6bITII.H C q:>OTOHaMII TOpM03HOro II3Jly

qeHII.H; co6bITII.H, co,n;ep)Kain;IIC e± B KaqeCTBC Kan,n;II,n;am na np.HMOil: q:>OTOH. 

On;eHCHbl OTHOCIITCJibHblC BKJia,D;bl pa3JIIIqn1,1x TIInOB q:>OHOBbIX co6bITII.ii 

npII pa3HbIX 3HaqeHII.HX nonepeqHbIX IIMnJJibCOB ~OTOHa B 3aBHCIIMOCTH OT 

)KCCTKOCTH npnMCHCHH.H KpIITepneB OT6opa co6bITHil: <<q:>OTOH+CTpy.H>>. 

Ilpu 3TOM nOKa3aHo, qTo KpIITepnlI, Hail:,D;CHHbIC ,D;JI.H YBCJIHqCHII.H TOqHOCTII 

onpe,n;eJICHII.H 3Hepr1III CTPYII, TaK)KC BCCbMa 3q:>q:>CKTIIBHbl II ,D;JI.H no,n;aBJICHII.H 

q:>OHOBbIX co6bITIIil:. 

IlplIBe,n;eHbI 3HaqeHII.H OTHOIIICHII.H c1IrHan/<i>oH, 6anattca P/Y -P/et, a TaK

)KC O)KII,D;aCMOil: CTaTIICTIIKII II3yqaeMblX co6bITIIil:. 

5. Ha OCHOBC aHaJIII3a peaJibHbIX ,n;aHHhlX 3KcnepIIMCHTa DO II nplIMCHCHII.H 

nporpaMM MO,D;eJIIIpOBaHII.H OTKJIIIKa II peKOHCTPYKD;IIII q:>Il31IqeCKHX o6'heKTOB 

B ycmHOBKe DO (naKCTOB D0Gstar/D0Sim/D0Reco), Ha OCHOBe annapaTyp

HhlX B03M0)KHOCTeil: Hail:,n;eHbl KpIITCpIIII ,D;JI.H Bbl,D;CJICHII.H CIIrHaJia OT np.HMOro 
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q:>OTOHa II no,n;aBJICHII.H BKJia,D;a q:>OHOBbIX KX)]; co6bITIIil:, co,n;ep)Kain;IIMII q:>0-

TOHHbIC KaH,D;Il,D;aTbl. 

IloKa3aHO, qTo BBC,D;CHHbIC Kp1ITCpI11I n03BOJI.HIOT, HanplIMep, npII 3q:>q:>eK

TIIBHOCTII OT6opa np.HMbIX q:>OTOHOB. €S = 30-40% OTCC.HTb ~ 80- 90% q:>OHO

BhIX co6bITIIil: C IICnOJib30BaHIICM TOJlhKO KaJIOp1IMCTpI1qecKI1X ,n;aHHhIX II npII 

€S = 84- 87% OTCC.HTh ~ 60- 65% q:>O~a, IICnOJih3J.H TOJlhKO IIHq:>OpMan;IIIO 0 

KJiaCTepax B npe,D;JIIIBHCBOM ,D;CTCKTOpe (preshower). 

C IICnOJih30BaHIICM nporpaMMhl MO,D;CJIIIpOBaHII.H OTKJIIIKa ycmHOBKII CMS 

( naKCT CMSIM) onpe,n;eJieHhI 3q:>q:>CKTIIBHOCTII Bhl,D;eJICHII.H q:>OTOHHoro CIIrtta

Jia B 6appeJibHOil: o6JiaCTII 0"11 < 1.4) Ha OCHOBC TOJihKO KaJIOp1IMCTp1IqecKoil: 

I1Hq:>OpMan;1II1. C noMOin;bIO naKem CMSIM II OCHOBhIBa.HCh na ,n;aHHhIX aqeeK 

KaJIOpIIMCTpa JCTaHOBKII C~S TaK)KC onpe,D;CJICHhl 3q:>q:>CKTIIBHOCTII Bhl,D;CJie

HII.H KBapKOBhIX II OTCCBa rJIIOOHHhlX CTpyil:, qTo Heo6xo,n;IIMO ,D;JI.H ,D;aJihHeil:111ero 

COKpain;eHII.H BKJia,n;a q:>OHOBhIX eo6hlTIIil:, co,n;ep)Kain;HX rJIIOOHHhIC CTpyII. 

6. Ha OCHOBC Hail:,D;CHHOro MCTO,n;a npOBC,D;CHII.H KaJI1I6pOBKII 3HeprIIII CTPYII, 

Han1ICaHa KOMnhIOTCpHa.H nporpaMMa ,D;JI.H OT6opa co6bITIIil: «q:>OTOH + CTpy.H>> B 

3KCnepI1MCHTaJihHhIX ,n;aHHhIX, co61IpaeMblX B 3KCnepI1MCHTC DO. 

C IICnOJih30BaHIICM naKem MIIH1IM1I3an;I11I MINUIT co3,n;atta nporpaMMa 

,D;JI.H npOBC,D;CHII.H KaJI1I6poBKII 3HeprIIII CTPYII no nonepeqHoMy IIMnyJihCY q:>0-

TOHa II OTTCCTIIpOBana KaK Ha MoHTe-KaPJIO co61,1TI1.HX B ,D;CTCKTOpe DO, TaK 

II Ha 3KCnepIIMCHTaJihHhIX ,D;aHHhIX, KOTOpbIC 6bIJIII co6paHbl B ycTaHOBKC DO B 

2002-2003 ro,n;ax. 

B paMKax 3TOil: nporpaMMhl HCCJIC,D;OBaua 3aBIICIIMOCTh TOqHOCTII HaxO)K,D;e

HH.H KaJiu6pOBOqHbIX K03q:>q:>HD;HCHTOB, a TaK)KC OTKJIIIKa KaJIOpHMCTpa Ha a,n;

pOHHYIO CTpyIO OT HaqaJihHhIX KpHTCplICB OT6opa co6bITilil: <<q:>OTOH + CTpya». 

lfcCJie,n;oBaHhl OCHOBHhIC q:>aKTOphl, BJIII.HIOin;HC Ha BeJIIIqlIHY OIIIII6KH OTKJIIIKa 

KaJIOpIIMCTpa H IIOKa3atta ero 3aBIICIIMOCTh OT 3HeprI1II CTpyH. 

7. Ha ocHoBe MoHTe-KaPJIO M0,D;eJIIlpOBaHH.H, noKa3aHo, qTo 6aHKII co61,1T1Iil: 

<<np.HMOil: q:>OTOH + CTpya», OT06pattHblC ,D;JI.H peIUCHII.H 3a,n;aq1I ycTaH0BKII IUKa

Jlhl 3HeprI1H CTpyH, M0ryT 6hlTh IICIIOJih30BaHhl ,D;JI.H Il3yqCHH.H ·rJIIOOHHOro pac

npe,n;eJICHII.H B np0T0He B 3KcnepHMCHTa.X Ha TaBaTpoHe n Run II H LHC B Te

qeHI1H rrepBbIX ,D;Byx JICT pa60Tbl npH HII3K0il: CBCTIIMOCTH (1033 cm2s-1). IlplI 

3T0M M0)KCT 6hITh noKpbITa H0Ba.H, paHee He H3yqeHHa.H, KIIHCMaTI1qeCKa.H 06-

JlacTh no.x - Q2 : 2 • 10-3 :::; x :::; 1.0 npII 1.6 • 103 :::; Q2 :::; 2 • 104 (faB/c)2 

Ha TaBaTPOHe H 2 • 10-4 :::; x:::; 1.0 npII 1.6 • 103 :::; Q2 :::; 2 • 105 (faB/c)2 Ha 
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LHC. O:iKn,u;aeMaa CTaTHCTHKa ,u;;rn T,rnaTpotta B Run II coCTaBJIHeT npHMeptto 

1 000 000 co6hITHii npH HHTerpaJihHOii CBeTHMOCTH Lint = 3 Jb- 1 H ,u;;rn LHC 

- OKOJIO 11 000 000 co6b1THii <<npaMoii q>OTOH + crpya>> npn Lint= 10 Jb- 1• 

KaK ,u;;rn CJiyqag T,rnaTpotta, TaK H ,u;;rn LHC, B Ka:iK,u;oM HHTepBaJie no Q2 

BKJia,Zl;hl CHrHaJihHhlX n OCHOBHhIX THnOB q>OHOBhIX co6hITHll t ,Zl;Hq>q>epeHQHpO

BaHhl no OCHOBHhIM napTOHHhlM no,u;npoQeccaM :lKeCTKOro pacceHHHH 2 ➔ 2: 

qg ➔ q7dir, qij ➔ Y'Ydir, Be,u;yIQHX K pO:lK,ll;eHHIO co6hITHll «'"fdir + CTpya>>, a 

TaK:lKe qg ➔ qg, qq ➔ qq, gg ➔ qij H gg ➔ gg, onpe,u;eJIHIOIQHX po:iK,u;eHHe 

q>OHOBhIX co6hITHll <<'"fdir -Katt,u;n,u;aT + CTpya>>. 

,Djrn ,ll;aHHoro HHTepBaJia no Q2 BKJia,u;hI CHrHaJihHhIX H OCHOBHhlX THnOB 

q>OHOBhlX co6hITHii1 OQeHeHhl B pa3JIIJqHhIX HHTepBaJiax 3HaqeHHll X napTOHa. 

,Ll,Jia CJiyqaa LHC attaJiornqHhie BKJia,u;hI B pa3HhIX HHTepBaJiax no x H Q2 

OQeHeHhl TaK:lKe C yqeTOM nOJiyqeHHhIX 3q>q>eKTHBHOCTeii pa.3,u;eJieHHH q>OTOHOB 

H HeiiTpaJihHhIX Me30HOB, a TaK:lKe KBapKOBhIX H rJIIOOHHhIX CTpyii B KaJIOpH

MeTpe CMS (n.5). Ilpn 3TOM noKa3atto, qTQ BKJia,u; napTOHHoro no,u;npoQecca 

qg ➔ q7dir COCTaBJIHeT 70-90% (oT o6IQero qnCJia OT6npaeMhlX co6hITHii) B 

3aBHCHMOCTH OT HHTepBaJia no Q2 H 3q>q>eKTHBHOCTH OT6opa co6hITHll <<'"fdir 

+ CTPYH>>. 
8. Ha OCHOBe MoHTe-KaPJIO MO,ll;eJIHpOBaHHH npoQeCCOB pp-B3aHMO,u;eiiCTBHH 

npn 3Heprnax LHC noKa3atta B03MO:lKHOCTh no,u;aBJieHHH q>OHOBhIX KX,LI, co-

6hITHii K po:iK,u;eHHIO co6hITHll <<Z-6o30H + CTpya». 

IIOKa3aHO, qTo OT06paHHhie co6hITHH <<Z-6o30H + CTpya» (c KaHaJiaMH pac

na,u;a Z-6o3oHa Ha e+e- HJIH µ+µ- napy), no3BOJIHIOT Ha6paTh Ha LHC CTaTH

CTHKY OKOJIO 600 000 co6hITHii npH HHTerpaJihHOii CBeTHMOCTH Lint= 20 Jb- 1 

,ll;JIH onpe,u;eJieHHH rJIIOOHHOll nJIOTHOCTH B HHTepBaJie 2 · 10-4 :s; x :s; 1.0 npH 

3HaqeHHHX Q2 : 0.9 · 103 :s; Q2 :s; 4 · 104 (f3B/c)2 • 
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