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4fW-

Q6m;rui xapaKTepHCTHKa pa60Tbl 

B ,!I;HCcepTlUJ;HII rrpe)J;CTaBJieHhi pe3yJihTaTbl Il3yqeHIIH CBOil:CTB z-cKeiiJIIIHra B pmK

)J;eHHII 1r0 Me30HOB B p + p{p,A}: B33IIMO)I;eiiCTBIIHX1 7]0-Me30HOB B p + p ll CTpyii>B 

p +p{p), CTOJIKHOBeHHHX IIpii BbiCOKliX SHeprH,HX. JJ;.n:H aHaJIH33 HCIIOJib30BaJIIICb 'SKC

rrepiiMeH'l'aJibHbie )J;aHHble, rroJiyqeHHble Ha KOJIJiaii)J;epax ISR; SppS, Tevatron H RHIC 

KOJIJia6opaiJ;HHMII AFS, UAl, UA2, DO, GDF, E557, PHENIX n STAR. Ilpe,n.cTaBJie

Hhi pe3yJihTaThi rrpe,n.cK333TeJibHhiX pacqeTOB HMIIYJihCHhiX crreKTpOB Me30HOB II CTpyii 

B llliipOKOil: : q6JiaCTII SHepriiii CTOJIKHOBel!IIli II, IIOIIepeqHbiX'. IIMIIYJibCOB, pO:lK,!J.eHHbiX 

qaCTIIIJ;/ cTpyii. Pe3yJihTaTbi aHaJIII3a cpaBHIIBaiOTCH, B paMKax z-cKeiiJinHra, c rroCJie)J;

HHMII )J;aHHblMH RHIC II Tevatron. Orrpe)J;eJIHIOTCH KpiiTepnn B03MO)KHOro uapymeHHH 

z-cKeiiJIIIHra. IlpnBe)J;eHbl pe3yJihTaTbi ncCJie,n.oBaHIIil: BJIIIliHHli rrapaMeTpOB KOHYCHoro 

anropnTMa peKOHCTPYKIJ;HH CTpyii Ha Bepo'HTHOCTb Bhi,li.Memm N-cTpyil:HblX co6blTnii, 

xapaKTepnCTHKH II crreKTpbr CTpyii B PT n z rrpe,!I;CTaBJieHHHX. TaKIIM o6pa30M B )J;HC

cepTaiJ;HH rrpe,n;cTaBJieHbi pe3yJihT3Thi, o6o6IIJ;aiOIIJ;He Teopnro z CKeil:JinHra Ha rrpoiJ;eCCbl 

HHKJII03HBHOro pO:lK,ll.eHHli Heil:TpaJibHblX Me30HOB ·ll CTpyil: II )J;eMOHCTpiipyiOIIJ;He IIpH

KJia)J;Hbie B03MQ)KHOCTII Z CKeil:JIHHra KaK MeTO)J;a 3HaJIH3a SKCIIepnMeHTaJibHbiX )1;3HHblX 

B IIOHCKe HOBblX 33KOHOMepHOCTeii pO:lK,!J.eHIIli qaCTHIJ; B ¢II3HKe BbiCOKHX ~meprnil:. 

AKTYa.JibHOCTb n3y'laeMblX 3a,D;a'l 

IlOHCK CKeil:JIHHrOBblX 33KOHOMepHOCTeil: BCer)J;a 6blJI rrpe,n.MeTOM HHTeHCHBHblX HC

CJie)J;OBaHIIii rrpn H3yqeHHH B3aliMO)I;eiicTBHii qacTHIJ; II H)J;ep BblCOKHX auepriiii.: KaK 

rrpaBnJio, nx OTKpbiTHH (cKeil:JinHrii B'bepKeHa, ci>eiiHMaHa, 'Ko6bl-HHJibCeHa-0JieceHa, 

KYMYJIHTIIBHOe pO:lK,ll.eHHe H )J;p.) CIIOC06CTBOBaJIH BblHBJieHHIO HOBblX CBOiiCTB B3aHMQ

)J;eiiCTBIIli H CTpyKTypbl qacTHIJ;, a T3K)Ke CyiiJ;eCTBeHHOMy IIpO,li.BH)KeHHIO B pa3BHTHH 

TeOpHH. CHJibHblX B33IIMO)J;eil:CTBHii; ,yCTaHOBJieHHble. 3aKOHOMepHOCTH . II03BOJIIIJIH' Bbl

q~CJiliTb, pa3JinqHble xapaKTepnCTHKn rrpoiJ;eccoB (ceqeHnsr, CTPYKTYPHble ¢YHKIJ;nn, 

pacrrpe)J;eJieHHH. ITO MH02KeCTBeHHOCTH H )J;p.) B HOBbiX. KHHeMaTnqeCKHX 06JiaCTHX H, 

TeM caMbiM, )J;eMOHCTpnpoBaJIH rrpe)I;CK33aTMhHYIO cmry cyiiJ;eCTBYIOIIJ;HX Teopnii. OT

KJIOHeHnsr OT CKeiiJIHHrOBOro · IIOBe)J;eHHH Ha6JIIO)J;aeMblX xapaKTepHCTHK, ycTaHOBJieH

HOrO )J;JIH )J;OCT3TOqHQ lllHpOKOil: SKCIIepnMeHTaJibHQ-HCCJie)J;OBaHHOil: KHHeMaTnqeCKOil: 

o6JiaCTH 1 KaK . rrpaBHJIO, CqHT3IOTCli IIpOHBJieHneM HOBbiX ¢n::mqeCKHX HBJieHHii., 8TH 

OTKJIOHeHHli B )J;aJibHeiimeM H3yqaiOTCH W HCIIOJib3YIOTCH )J;JIH IIOCJie)J;YIOIIJ;ero pa3BHTHli 

Teopnn. 

0)J;HHM, H3 OCHOBHblX MeTO)J;OB HCCJie)J;OBaHHH H)J;ep,!IOil: · MaTepHH H CBOiiCTB Cpe)l;bl, 

o6pa3yiOIIJ;eiiCH rrpH B3aHMO)J;eil:CTBHH.a)J;pOHOB H H)J;ep liBJIHeTCli IIOHCK HapymeHHli 3a

KOHOMepHOCTeil:, ycTaHOBJieHHblX )J;Jlli qaCTHIJ;bl C 60JiblllHMH IIOIIepeqHblMH HMIIYJibC3MH 

n CTpyii B aJieMeHTapHbiX JieiiTOH-a)J;pOHHhiX n a)J;pOH-a)J;pOHHblX B3anMO)J;eiicTBnsrx. IIo

CJie)J;Hne rrpe)J;CTaBJIHIOT C060il: KOJIJIHMHpOBaHHble B IIpOCTpaHCTBe H BpeMeHH IIOTOKH 

BhiCOKOSHepreTuqecKnx qacTHIJ;. CqnTaeTcsr, qTo OHH HBJIHIOTCli pe3yJihTaTOM B3anMo

)J;eiicTBn~ SJieMeHTapHbiX KOHCTHTyeHTOB (KBapKOB H rJIIOOHOB). · 

H3yqeHne cKeiiJinHrOBhlx 3aKoHoMepHoCI:eii po:lK,ll.eHnsr cTpyil:, oTpa2KaiOIIJ;HX Mexa

Hn3k HX o6pa30BaHHli H CTPYKTypy, Tpe6yeT a,n;eKB3THOro COOTBeTCTBHli Me)K)J;Y. Teope

TnqecKHM OIIHCaHHeM CTpyil: B paMKax TeOpliH KX)J. II HX SKCrrepnMeHTaJibHbiM rrpe)J;

CTaBJieHneM. IloCJie)J;Hee Tpe6yeT orrpe)J;eJieHHli STHX 06'beKTOB B TepMHHax H3MeplieMblX 
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BeJlll'fHH, IIOJiy'faeMb!X C llCIIOJih30BaHIIeM a,D;pOHHhiX H 3JieKTpOMarHHTHh!X Ka.JIOpH

MeTpOB HJIII ,LipyrHX )J;eTeKTHpyiOIIJ;IlX 1IpH60pOB. IloHCK TaKoro COOTBeTCTBHH, llCCJie

)J;OBaHHe BJIHHHIIH rrapaMeTpOB a.JirOpllTMOB peKOHCTpyKII;Illl Ha ClleKTpbi CTpyii, onpe

)J;eJieHHe 06JiaCTH OIITHMa.JihHhiX 3Ha'feHHii 3THX napaMeTpOB HBJIHeTCH aKTYa.JihHh!M H 

npe,LICTaBJIHeT O)J;Hy H3 OCHOBHh!X 3a,IJ;a'f ¢H3HKH CTpyii. 

O.n:Ha H3 HOBhiX 3aKOHOMepHoCTeii B po)K)J;eHHH 3apx:lKeHHhiX a,n;poHOB c 6oJihlliHMH 

nonepe'IHhiMH HMTIYJibCaMH npn B3aHMO):IeHCTBHH (aHTH)npOTOHOB H H)J;ep npH Bh!CQ

KHX 3HeprHHX llOJIY'fHJia Ha3BaHHe Z CKeiiJIHHra [1). IlpoBepKa yCTaHOBJieHHhiX CBOHCTB 

z CKeiiJIHHra, HX H3y'feHHe rrpn pO)K)J;eHHH HeiiTpa.JibHhiX Me30HOB H CTPYH B p{p) + p 
B3aHMO)J;eiiCTBHHX, a TaK:lKe TIOHCK HOBhiX :;JaKOHOMepHOCTeii B paMKax 3TOii TeOpHH HB

JIHeTCH aKTYa.JihHOii 3a,D;a'feii. Ee pemeHne Hau;eJieHo Ha ycTaHoBJieHHH HOBhiX ¢n3n'fe

CKHX 3aKOHOMepHOCTeii B ¢H3HKe BhiCOKHX 3Heprnii, npOBepKy npe,n;CKa3aTeJihHOii CHJ!hl 

KX,LI:, a TaK:lKe Ha ycTaHoBJieHne .n:onoJIHHTeJihHhiX orpaHn'feHnii Ha MO)J;eJIH pO:lK):IeHHH 

a.n:poHOB. lhy'feHne cBoiiCTB z cKeiiJIHHra B p + A n A + A B3aHMO)J;eiiCTBHHX npoBo

)J;HTCH C II;eJihiO Bh!HBJieHHH OC06eHHOCTeii o6pa30BaHHH 'faCTHII; B CJIO:lKHhiX CHCTeMax 

n n3y'feHHH BJIHHHHH x.n:epHoii cpe,n;hl Ha npou;ecc ¢opMnpoBaHHH '!aCTnu;. HapymeHne 

Z CKeiimiHra llpH Bh!COKHX 3HeprHHX npe)J;JiaraeTCH paCCMaTpHBaTb KaK yKa3aHHe Ha 

B03MO:lKHOCTh cym;eCTBOBaHHH HOBh!X ¢H3H'feCKHX npOII;eCCOB HJIU 3aKOHOMepOHOCTeii 

TaKHX KaK ¢a30BhJe nepeXO,[Ihi B a,L~pOHHOH U H)J;epHOH MaTepHH, CTpyKTypHOCTh KBap

KOB, ¢paKTa.JihHOCTh npOCTpaHCTBa U BpeMeHU, HOBbie BU,ll;hl B3aUMO)J;eiiCTBUH. 

I.J;eJib HCCJie,D;OBaHHSI 

UeJihiO pa6oThi HBJIHeTCH: 

• IIocTpoeHue cKeiiJiuHroBoii ¢YHKu;uu ,P(z) u rrepeMeHHoii z )J;JIH npou;ecca uH-

KJII03UBHoro po)K)J;eHux 1r
0 

Me30HOB B p + p(p, A) B3auMO):IeiicTBUHX, 'f/0 Me30HOB B p + p 
H CTpyii B p + p{p) CTOJIKHOBeHHHX. 

• J1cCJie)J;OBaHue CBOHCTB Z rrpe,[ICTaBJieHUH HeiiTpa.JibHhiX Me30HOB H CTpyii B pac

CMaTpUBaeMhiX rrpou;eccax. CpaBHeHue CBOiiCTB cKeiiJiuHroBoii ¢YHKu;nu ,P(z) )J;JIH 1r0 

Me30HOB H CTpyii B p + p H p + p B3aHMO)J;eHCTBHHX. IlpOBepKa Z CKeiiJIUHra ,[IJIH Heii

Tpa.JibllhiX Me30IIOB H CTpyii Ha RHIC li Tevatron rrpu 3Hepruxx 200 u 1960 r3B, COOT

BeTCTBeHHO. 

• IIpe.n:cKa3allne UMIIYJihCHhiX cneKTpOB 1r
0 

Me30HOB B p+p(p, A) B3anMo.n:eiiCTBuxx, 

'f/0 
Me30HOB B p + p u cTpyii B p + p(p) CTOJIKHOBeHnxx npu 3Hepruxx RHIC, Tevatron 

u LHC B 6oJiee mupoKoii o6JiacTu rronepe'!HhiX nMrryJihCOB. 

• YCTaHOBJieliUe KpnTepnH li 06JiaCTU OllTliMa.JihliOrO IIOUCKa B03MO:lKHOrO Hapy-

meHUH Z-CKeiimmra B CTOJIKHOBeHUHX a,LipOHOBjCTpyii npu 6oJiee BhiCOKHX 3HeprUHX. 

• J1cCJie,[IOBaHUe BJIHHHUe napaMeTpOB KOHYCHOrO a.JirOpUTMa peKOIICTpyKII;Hll CTpyii 

Ha BepoHTIIOCTh Bhi)J;eJieHuH N-cTpyiiHhiX co6hrTuii, xapaKTepucTUKU u cneKTphi cTpyii 

B PT u z npe.n:cTaBJieHuxx. 

Hay'IHaSI HOBH3Ha 

B .n:nccepTau;uu: 

• BrrepBhie noCTpoeHa cKeiiJinHroBax ¢YHKII;UH ,P(z) u nepeMeHHaH z )J;JIH po)K)J;e

HUH 1r
0 

Me30HOB B p + p, p + p u p + A B3auMo)J;eiiCTBUHX u 'f/0 Me30HOB B p + p u CTpyii 

B p + p, p + p CTOJIKHOBeHUHX npu Bh!COKUX 3HeprUHX. 
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e BrrepBhJe U3y'feH'hf CBOHCTBa Z-CKeiiJiuHra B a,LipOH-a,LipOIIHh!X U· a,L~pOH-H)J;epHhiX 

npou;eccax po)K)J;eHuH HeiiTpa.JihHhiX Me30HOB u CTpyii npn BhiCOKux 3Hepruxx •. YcTaHoB

JieHa 3HepreTU'IeCKaH, yrJIOBaH· He3aBUCUMOCTh ll CTerreHHOe. IIOBe,n;eHUe .CKeiiJIUHrOBOH 

¢yHKu;uu ,P(z) npu 6oJihmnx.3Ha'leHuxx z. YCTaHoBJieHa A-3aBucuMOCT~ npeo6pa3oBa

HUH a( A), •II03BOJIHIOIIJ;ero CpaBHUBaTb CKeiiJIUHroBhie. ¢YIIKII;UU' ,[IJIH· pa3JIU'IHhiX H,L~ep 
ll CBll,[leTeJihCTBYIOIIJ;aH. 0 CaMOIIO)J;06HOM xapaKTepe BJIUHHUH H)J;epHOii .cpe)J;bi Ha Mexa- , 

HU3M ¢opMupoBaHUH 'laCTUII; C 60JihllillMU llOIIepe'IHhiMU.liMIIYJibCaMU.. •; · 

e ·BrrepBbie ua OCHOBe Z-CKeHJIUllra rrpe,n;CKa3aHhi.UMIIYJihCHbie ClleKTphi 1r0. M:eiOHOB 

B p+p, p+p n.p+A B3aUMO,[IeiiCTBUHX, crreKTphi 7]0 
Me30HOB p+p ll CTpyi!: B p+p, p+,p 

CTOJIKHOBeHuxx )J;JIH pa3JIU'IHhiX KuHeMaTu'leCKux .n:uana30HOB·npu 3Hepruxx RHIC, 

Tevatron u LHC. 

• . BnepBhle orrpe.n:eJieHhi KpnTepuu u o6JiaCTu orrTUMa.JihHoro noncKa B03MO:lKHoro 

HapymeHUH Z-CJ(eHJIUHra B CTOJIKHOBeHUHJC llpll 6oJiee BhiCOKUX 3HeprUHX. 

• BrrepBhie yCTaHOBJieHa crerreHh BJIUHHUH rrapaMeTpOB KOHYCHOro · a.JiropuTMa · Ha 

cneKTpbi CTpyii B Z rrpe,[ICTaBJieHUU. · 

Hay'IHo-npaKTH'IeCIGUI :u;eHHOCTb pa6oTbi 

• Co3,n;aHhi nporpaMMhi )J;JIH noCTpoemm u ucCJie)J;oBaHUH CBOHCTB cKeiiJiuHrOBoii 

¢YHKII;llll·'I/J(z) li rrepeMeHHOii Z )J;JIH pO)K)J;eHUH 71"
0 

Me30HOB B p + p, p + p ll p +A 
B3aHMO):IeHCTBUHX,• 7]0 Me30HOB B p + p ll CTpyi!: B p + p, p + p CTOJIKHOBeHUHX. 

e . Ha OCHOBaHUU yCTaHOBJieHHhiX CBOHCTB Z-CKeiiJIHHra,·rrpe,LICKa3aHbl ClleKTpbi 

1r0 Me30HOB B p +c.p(fi, A). B3auMo.n:eiicTBUHX, 'f/0 Me30HOB B . p + p u CTpyii B p + p(p) 
CTOJIKHOBeHuxx rrpu 3Hepruxx RHIC, Tevatron u LHC •. •. 

e Ilpe,[IJIO:lKeHa CllrHaTypa ,[IJIH llOUCKa HOBh!X ¢H3u'leCKUX 3aKOHOMepHOCTei!: npu 

po)K)J;eHuu·'laCTuu;/CTpyii B paMKax Teopuu z CKeiiJiuHra. 

• . YKa3aHhi KUHeMaTU'IecKue rpaHUII;hi He3aBUCUMOCTU crreKTpoa cTpyii B z rrpe)J;

CTaBJieHUHX OT napaMeTpOB KOHJCHOro. a.JirOpUTMa peKOHCTpyKII;llll CTpyi!:. ·. 

e IlOKa3aHa llpUHII;lllllla.JihHaH B03MO:lKHOCTh llpUMeHeHUH MeTO)J;a ,[IJIH aHa.JIU3a• 

HOBhiX 3KCrrepuMeHTa.JihHhiX ')J;aHHhiX ll IIJiaHUpOBaHUH 3KCUepnMeHTOB · IIO · pO)K)J;eHUIO 

HeiiTpa.JibHhiX Me30HOB ll CTpyi!:. KaK llpll 6oJiee BhiCOKilX 3HeprllHX• )J;OCTU:lKUMhiX . Ha 

LHC, TaK K.npK MeHhmKx 3HeprKHX B o6JiacTK 6oJihmKx rrorrepe'IHhiX KMTIYJihCOB. 

3aiii;HIII;aeMbie noJio:>KeHBSI 

• IIocTpoeHKe CKeiiJiuHroBhiX ¢YHKu;uii ,P(z) )J;JIH po)K)J;imux 1r
0 

Me30HOB 'B P.+ p, 
p+p 11 p+ A B3aHMO):Iei!:CTBKHX, 77° Me30IIOB B p+p u CTpyii B p+p u p+p CTOJIKHOBeHKHX 

1Ipll BhiCOKilX 3HeprllHX. 

e . .CBOil:CTBa • Z-CKeiiJIKHra B · pO)K)J;eHilll HeiiTpa.JibHhiX Me30HOB ll CTpyii B · p + 
p(p, A) CTOJIKHOBeHuHX. 9HepreTK'IeCKax, · yrJIOBaH He3aBKCKMOCTb · 11 CTerreHHOe .rroBe

)J;eHKe cKeiiJI~HroBoii,¢yuKu;KK ('1/J(~) rv z-P) rrp11 6oJiblliHX 3Ha'leHKHX z. Pa3JIK'Ine 

rrapaMeTpoB HaKJIOHa j3 CKeiiJIKHroBOii ¢YHKII;Hil '1/J( Z) B .p + p ll p + pB3allMO)J;eiiCTBHHX 

({Jpp > f3w)· 3aBKCUMOCTb rrpeo6pa30BaHUH Z-+ o:(A)z, '1/J -+ aoo::1 (A)'IjJ OT aTOMHQ-, 

ro HOMepa H,L~pa (A-3aBUCilMOCTb), UCIIOJib3yeMOro npll cpaBHeHUil ¢YHKII;Ilii '1/J(z) )J;JIH 

pa3Jin'IHhiX. H,L~ep. . , , . . , 

e Ilpe,[ICKa3aHHH. Ha OCHOBe Z .CKeiiJiuura UMIIJJihCHhiX ClleKTpOB 71"
0 

Me30HOB B 

p + p(p, A) B3aKMO):IeiiCTBKHX,. TJ0 . Me30HOB n p + p 11 CTpyi!: B p + p(p) . CTOJIKHOBeHKH~. 
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):IJUI pa3JIH'IHblX KHHei'<IaTnqecKnx .z:~narr330HOB upn aHeprmrx RHIC, Tevatron n LHC. 
e flpe,LJ,JIO:lKeHne 06 HCnOJib30BaHHe Z CKeiiJIHHra KaK MeTO,Lia IIOHCKa HOBblX ¢n-

3nqeCKHX 3aKOHOMepHOCTeii B pO:lK):IeHHH '!aCTHJ:~ II CTpyii, o6p33yiOIIJ;HXC~ B · a;:q>OH
a):lpOHHbiX II a):lpOH-~,LiepHbiX B3aHMO):IeHCTBII~X IIpH BblCOKIIX aHeprH~X. 

• Pe3YJibTaTbi Bbr6opa napaMeTpoB KOHYCHoro anropnTMa peKOHCTPYK~HH CTpyii 

B p + p B3anMO,LieiiCTBH~X rrpn -/8 = 200 faB. YcrauoBJieHo, 'ITO napaMeTp Eseed = 

(0.5- 1.5) faB He BJIH~eT, a Ecut 11 R H3MeH~IOT THII peKOHCTpynpoBaHHbiX co6brTnii 

{1; 2, ..• N-cTpyiiHble). floK33aH01 'ITO TO'IHOCTb BOCCTaHOBJieHH~ .L\BYM~ JIII,LIHpyrom;nMH 

cTpy~MH (B N-cTpyiiHblX co6blTII~x) rronepeqHoro HMnyJibCa n HanpaBJieHn~ :lKeCTKO 

pacce~HHOro napTOHa He 3aBHCHT OT napaMeTpa Ecut rrp11 R=0.7 11 'IYBCTBUTeJibHa K 

BeJIH'IHHe napaMeTpa R. 
e 3aBHCIIMOCTb HHKJII03liBHblX ce'IeHHH CTpyfi IIIIX z-rrpe,LICTaBJieHIIH B 06JiaCTH Efet < 
25 faB 11 He3aBHCHMOCTb HaKJIOHa f3 CKeiiJIIIHroBofi ¢YHK~HII B o6.11acrn E:f.•t = (25 -

60) faB OT napaMeTpOB KOHYCHOrO aJirDpHTMa. 
OcHOBHbre ny6JIHKan;uu H anpo6an;ug pa6oTbl 

MaTepnanbl, rrpe):lcTaBJieHHble B .z:~nccepTa~nn, .z:IOKJia,L\biBaJIIICb 11 o6cy:lK):IaJIHCb Ha 

HayqHbiX ceMHHapax JIB9, JIB9-JI<I>~ OIUUI, HT9<I>, BHJ!, xy, XVII H XVIII Me:lK

.z:IYHapO,LIHbiX CeMIIHapax no IIp06JieMaM ¢n3HKH BbiCOKIIX 3Heprnii "PeJI~TIIBHCTCKaH 

~.z:~epHa~ ¢n3nKa n KBaHTOBaH xpoMO.z:IIIHaMIIKa" (,Llj6Ha, 2000, 2004, 2006); ceccnn

KOH¢epeH~IIH ceK~nn 51<1> O<I>H PAH "<I>n3nKa ¢YH.z:laMeHTaJibHblX B3aiiMO,LieficTBnfi 11 

(MocKBa, 2004), pa6oqnx coBem;eHn~x "Hard probes in heavy-ion collisions at the LHC" 

(U:EPH, 2001-2003), "Relativistic Nuclear Physics: From Hundreds of MeV to TeV" 

(Slovakia, Stara-Lesna, 2003; Dubna, 2005), XXXIII Me:lK,LIYHapo):IHO:ii KOH¢epeH~nn 
no· ¢n3nKe BblCOKnx aHeprnfi (MocKBa, 2006), pa6oqeM coBem;aHnn EBponeikKofi nc

CJie):loBaTeJibCKOii rpyiiiibi IIO ¢113HKe YJibTpapeJIHTHBHCTCKHX T~:lKeJiblX HOHOB (,Llj6Ha, 

2006). Pe3yJibTaTbi nccJie,LioBaHnfi, npe.z:~cTaBJieHHblX B .z:~nccepTa~nll, orry6nnKoBaHbl B 

8 pa6oTax. 
· Co,u;ep)lqUIHC pa6oTbi 

)l;nccepTa~H~ COCTOHT 113 BBe,LieHHH, ·meCTH rJiaB, 3aKJIIO'IeHII~, qeTblpex DpHJIO:lKe

HHfi H CniiCKa·~nTHpyeMOfi JIHTepaTypbl (286 HaHMeHOBaHnfi). 06m;nii ofueM 192 CTpa

HH~bl1 B TOM 'IHCJie 56 pHCyHKOB II 5 Ta6JIH~. 
· Bo BBe,u;eHHH KpaTKO onncaHbl uau6oJiee H3BeCTHbie CKefiJIHHrOBhle 3aKOHOMepuo

CTII, yCTaHOBJieHHble B ¢H3HKe BblCOKHX ;meprufi. 060CHOBblBaeTCH aKTYaJibHOCTb Te

Mbl, ¢opMyJinpyiOTC~ ~eJIH H 3a,Lia'!ll ):IHCCepTa~HOHHOH pa60Tbl, OIIHCblBaeTCH Hay'!HaH 
HOBH3Ha II Hay'IHD-npaKTH'JeCKa~ ~eHHOCTb pa60Tbl.· flpHBO,LIHTC~ OCHOBHbie 3am;nm;ae

Mble nOJIO:lKeHIIH, a TaK:lKe CIIIICOK ny6JIHKa~Ufi H anpo6~uii no TeMe ,LIHCCepTa~UOHHOH 

pa60Tbl. B KOH~e p33,LieJia npuBO.z:IHTC~ KpaTKOe co.z:~ep:lKaune .z:~nccepTa~nn no rJiaBaM. 

B nepBoii rmme .z:~aH o63op JIHTepaTypbl, B KOTopoM npe.z:~craBJieHo onncauue uan-

6onee U3BeCTHbiX CKefiJIHHrOBblX 3aKOHOMepHOCTeit, yCTaHOBJieHHblX BO B3aHMO):IeHCTBU

~X 'IaCTH~ (nenTOHOB, a;:q>OHOB H ~,Liep) BblCOKIIX 3Heprnfi. flpuBe):leHbl o6JiaCTU liX 

npnMeHHMOCTH, CBH3aHHhle c KJiaccoM 113Y'!aeMhlX HBJieuuii. OnucaHbl ¢11311'IeCKue nH- · 

TepnpeTa~HH MO):IeJiefi II CKeiiJIHHfOBhlX nepeMeHHblX, HCnOJib3yeMl>}X ,LJ,JIH aHaJIH3a 3KC

nepnMeHTaJibHblX ):laHHblX. 0TMe'IaeTC~, 'ITO 06Hapy:lKeHHe OTKJIOHeHHii OT CKeiiJIHHrDB 
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HBJIHIOTC~ CTHMYJIOM ,LJ,JIH ):laJibHefimero p33BHTH~ TeOpeTH'IeCKIIX MO):IeJieii. · · 
0T):IeJibHblit p33,LieJI o63opa nOCB~IIJ;eH OnHCaHHIO Z-CKeHJIHHra. flpe):ICTaBneHbl ¢op

MY.1I1Ip0BKH OCHOBHblX npnu~noB noJio:JKemiux B ero ocnoBy. Onncaua npo~e.z:1Ypa no
crpoeuna CKefiJIHHfOBOH ·¢yH~H H CKCfiJIHHfOBOit nepeMeHHOit, TIInbl aHaJIH3HpyeMhlX 

npo~eCCOB, KHHeMaTH'IeCKHe rpaHH~ npHMeHHMOCTH CKefiJIHHra, CBOHCTBa Z npe):ICTaB
JieHH~. 0TMe'!aiOTCH npe):ICK33aTeJibHble B03MO:lKHOCTH OIIHCblBaeMOrD MeTO):Ia aHaJIII3a. 

B OCHOBY ,LiaHHoro ¢eHOMeHOJiornqeci(oro no):IXO.z:la nOJIO:lKeHbl npnH~nbl JIOKaJib- · 

HOCTH, CaMOnO):I06H~ H ¢paKTaJibHOCTn: z~CKeiiJIHHr H CrD o6o6IIJ;CHHH OnHCblBaiOT 

npo~eCCbi HHKJII03HBHOrO pO:lK):IeHH~ 3..z:IPOHOB1 np~MblX ¢0TOHOB H CTpyii B 3..z:IPOH

a):lpOHHblX, a;:q>OH-~,LiepHbiX II H)l;pD-MepHbiX B3aHMO):IeiiCTBH~X. )l;nan330H paccMaT

pnBaeMblX aHeprnfi cocraBJIHeT -/8 = (19- 1960).raB. z-CKeiinnur npnMeH~eTCH ,LJ,JIH 

onncaHna cneKTpoB qacrn~/ crpyii B o6nacrn ymoB (} = 3° - 90°, nonepe'!HblX HM

nyJibCOB a;:q>OHOB PT = (0.2 -40) raB/c, npHMblX ¢DTOHOB PT = {4 - 250) raB/c H 
CTpyii PT = (25 - 500) faBjc. 06o6m;eHHhrii. Z-CKeHJIHHr ODHCbiBaeT npo~eCCbl po:lK,Lie

HHH a;:q>OHOB C pa3JIH'IHblMH IIJIOTHOCTHMH MHO:lKCCTBeHHOCTH BllJIOTb ):10 dNch/d1J = 26. 

CKefinnHrOBaH ¢YHK~x .,P(z) .z:~eMoucrp'apyeT ;HepreTnqecKyro, yrJioByro He3a~ncn
MOCTb n creneHHoii xapaKTep B o6JiaCTn 6oJihmnx z. TaKoe noBe.z:~eune .,P(z) YK33blBaeT 
Ha B03MO:lKHOCTb OllHCaHHH KaK MHfKOrO, TaK H :lKeCTKOrO, DpO~CCCa o6p330BaHHH 'Ia

CTH~ B paMKax Z-CKefiJIHHra. MarKHii pe:lKHM COOTBeTCTBYeT MaJiblMH 3Ha'!eHHCHM Z 1 a 

,LJ,JI~ :JKeCTKOfO pC:lKHMa xapaKTepHO CTCHCHHOC llOBe):leHHC '1/J(z) "' z-fJ .npH 60JibillHX Z. 

CTCIICHHOe nOBC)l;eHHe. OTpa:lKaeT ¢paKTaJibHblit npo~ecc o6p330BaHHH qaCTH~ H ):laeT 

OCHOBaHHC DOJiaraTb1 'ITO 3TO o6m;ee CBOHCTBO o6pa30BaHHH '!aCTH~ npH 60JibillHX Z. 

floaTOMy 3KCnepnMeHTaJibHaH npOBepKa, yCTaHOBJieHHOH 3aKOHOMCpHOCTH1 npe):ICTaB

JIHeT 3Ha'IHTeJibHblit HHTepec KaK ,LJ,JIH pa3BHTHH MO):IeJICH1 ODHCblBaiOIIJ;HX po:lK):IeHHC 

qacTH~, TaK H npe.n;CTaBJICHHii 0 CBOfiCTBax npoCTpaHCTBa-BpCMeHH Ha MaJiblX MaCmTa-

6ax "' (10-2 - w-4) <l>M. CBofiCTBa Z-CKCMHHra no3BOJIHIOT npC,LICKa3aTb CllCKTpbl 

a;:q>OHOB, npHMblX ¢oTOHOB B h + h, h +A n A +A B3aHMO):IeiiCTBnax, a TaK :JKe cneK

Tpbl crpyfi B p(p)+p CTOJIKHOBeHHHX npn aueprHHX RHIC, Tevatron n LHC. Bo3MO:lKHO 
HCllOJib30BaHHC Z CKefiJinHra KaK 0):\HOrO H3 MeTO,LIOB llOHCKa HOBblX ¢n3H'IeCKIIX 3aKo

HOMepHOCTefi, TaKHX KaK ¢a30BblC nepeXO,Libl B a;:q>OHHOii. H H):lepHOii MaTepnn, HOBble 

BH,Libl B3aHMO,LieitCTBHH, .CBH3aHHble C cym;eCTBOBaHHeM IIO,LICTPYKTYPbi KBapKOB H rJII6-
0HOB. 06Hapy:lKCHHC ):laHHblX 3aKOHOMCpHOCTCH npOHBHJIOCb 6bl B HapymeHHH yCTaHOB-

JieHHblX CBOfiCTB Z CKefiJIHHra. t' . . 
Bo BTopoii rnaBe onncaH o6~nii ¢opMaJIH3M z-cKeiiJIHHra wra aHaJIH3a HHKJIID-

3HBHblX npo~eccoB .. ,ll;aHHblii ¢eHOMCHOJIOrH'ICCKHii ..MeTO.L\ OCHOBbiBaeTCH Ha npe,Lillo
JIO:lKCHnn, 'ITO OC06eHHOCTU cneKTpa pO:lK,LICHHH. HHKJII03HBHOii 'IaCTH~bl B · peaK~H 

P1 + P2 -+ p+ X npn BblCOKIIX aHeprHHX MOryT 6b1Tb onncaHbl ~ TepMnHax COOTBeTCTBy

rom;IIX KHHCMaTH'ICCKIIX xapaKTCpHCTHK 3KCKJII03HBHOrD llO,LillpO~CCCa KOHCTHTYCHTOB 

(xrMr) + (x~M2) -+ mr + (xrMr + x2M2 +m2). · 
' . ' 

(1) 

BeJIH'IHHbl x 1 n ·x2 npe):ICTaBJIHIOT co6oii '.LIOJIH HMHYJibCOB· Pr H 'P2 CTaJiKHBaiO~IIXCH 
o&beKTOB c MacCaMH M1 n M2; nepeHOCHMble KOHCTHTYeHTaMn. llapaMCTp ffi2 BBO.z:IHTCH 

,LJ,JIH BblllOJIHeHHH M,L\HTHBHbiX 3aKOHOB COXpaHCHHH DO H30CDHny; 6apHOHHOMY 3apH.z:1Y1 
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crpauuocTH n .zq>. Onncaune npo~ecca B3anMo.n;eiicTBHe a.zq>OHOB n H.n;ep B TepMHHax 

. B3aHMO,ll;eHCTBHH HX KOHCTHTyeHTOB .n;eMOHCTpHpyeTCH Ha pH C. 1. JlOKa.JlbHOCTb a.zq>OH

-HbiX B3aHMo.n;eii:CTBHii Y'IHTbiBaeTcH 3aKOHOM coxpaueHHH 4-nMnyJibca ,li;JIH no.n;npo~ecca 

B3aHMO,ll;eHCTBHH KOHCTHTyeHTOB. B OCHOBe llOCTpOeHHH Z-CKeiiJIHHra Jie2KHT npHH~Hll 

m, 

M
1
,1i

1 
.'·) --, r( )r --. =y: M

2
,1i

2 

mz 

PHC. 1: )J;HarpaMMa B3aHMO,ll;eii:CTBllH a,ll;pOHOBjH.n;ep Ha ypOBlle KOHCTHTyeHTOB. 

. "' 
CaMOllO,li;06HH1 T.e. OllHCaHHe HHKJII03HBHOrO pO)K,ll;eHHH 'laCTH~bl B TepMHHaX Ha6opa 

napaMeTpoB ue co.n;ep2K~HX xapaKTepHbiX MacmTa6oB He3aBHCHMhiX nepeMeHHhiX. Ta

KHM o6pa30M pO)K,ll;eHHe 'laCTH~bl 1 B paMKax Z-CKeii:JIHHra, OllHCbiBaeTCH 6e3pa3MepHOii: 

CKeHJIHHrOBOH <l>YHK~Heii: t/J(z), KOTOpaH 3aBHCHT OT 6e3pa3Mepuoii: nepeMeHHOii: Z 

1 dd 
t/J(z)=--. 

Nuin! dz 
(2) 

3.n;ecb U;nl - ueynpyroe HIIKJII03HBI!Oe ceqeune, N - cpe.n;l!HH Mli02KeCTBeHHOCTb. CKeii:

JIHHroBaH nepeMeHHaH Z HBJIHeTCH 6e3pa3MCpHOH. KOM6Ima~neii BeJill'IHH, xapaKTepH-

3YIO~llX pO)K,ll;el!He 'laCTll~hl B HHKJII03HBIIOH peaK~llll npll 60JibllillX 3HeprHHX1 H KOH

CTpynpyeTCH KaK ¢paKTMbHaH Mepa 

Z = zof!-I ( XIJ X2), Q( X1J X2) = (1 - XI)01 (1 - X2) 02 • (3) 

'BMH'IHHa n(xi, x2) HMeeT CTeneuuyro 3aBHCllMOCTb OT nepeMel!HbiX XIJ X2, onpe.n;eJIHe

MyiO 3Ha'leHHHMH ¢paKTa.JlbllhiX pa3Mepl!OCTeii CTa.JIKHBaiO~llXCH ofueKTOB 0I ll 02 (Zo
CJia6oMeHHIO~aHCH <l>YHKIJ;HH TeX )KC nepeMellbi:X). Q-I(XbX2) OllHChiBaeT pa3pemeHHe, 

IIpll. KOTOpOM 3JieMeHTa{moe CTOJIKIIOBeHne KOHCTHTyeHTOB M02KeT 6biTb Bbi,ll;eJieliO ll3 

paccMaTpHBaeMoro lll!KJII03lllll!Oro npou;ecca. BeJIH'IHHa n(xi' x2) CBH3biBaeT KHHeMa

TH'IeCKHe (xi, x2) n CTPYKTYPHbie ( oi, 82) xapaKTepHCTHKHH3Y'IaeMhiX qacrnu;. Kouu;err

u;nH Z-CKCHJIHI!ra, IIpHMeHHeMaH ,li;JIH OllHCal!HH npon;eCCOB pO)K,ll;ellllH 'laCTll~ IIpll Bhi

COKRX 3lleprHHX 6a3HpyeTCH Ha o6~HX ¢yu.n;aMeHTa.JibHbiX llpllHIJ;llllax (JIOKaJibliOCTH, 

iCaMOIIO,li;06HH ll ¢paKTa.JlbHOCTH), KOTOpbie HMeiOT lliHpOKyiO OOJiaCTb IIpHMeliHMOCTH B 

• Pa3JIH'IHbiX o6JiaCTHX. ¢n3HKH. 

. CKeHJIHHrOBaH <i>YIIKIJ;HH t/J(z) ll rrepeMellllaH Z Bbipa2KaiOTCH '1epe3 3KCIIepnMeli

Ta.JlbHO H3Mep,HeMhle BeJIH'Illllhl_- HHKJII03U:BHoe ce'lellne po)K,ll;ellnH Ed3 u f dp3 u. cpe.n;

HIOIO nJioTHOCTb MH02KeCTBeuuocrn dN / dT]. 

6 

t/J(z) = '!!!!___rl Ed3u 
(dNfdTJ)U;nJ dpl' 

..;r;_- . n.;...~. 
z = m(dNfdTJITJ=o) 

(4) 

3.n;ecb Vs - ::meprnH CTOJIKHOBeHHH B CHCTeMe ~eHTpa Mace, Uinl - llOJIHOe Heynpyroe 

Ce'leHHe B3aHMO,ll;eii:CTBHH1 m - MacCOBhiH K03¢<lm~eHT, paBHbiH Macce HYKJIOHa, ..;r;_ 
- nonepe'IHaH auepmH aJieMeHTa.puoro no.n;npo~ecca, J = J(H,2,PI1Ml,2•ml)- Koa<l>

<l>H~eHT 3aBH~Hil: OT KHHeMaTH'IeCKIIX nepeMeHHhiX. ll>opMyJihl Bblpa2KaiO~He x 1,2 , 

..;r;_ H J 'lepe3 HMnyJibChl H MacChi CTa.JIKHBaiO~HXCH H HHKJII03HBHOH 'laCTH~, a TaK-

2Ke .zq>yme BCllOMOI'aTeJibHble Bblpa2KeHHH1 HeOOXO,li;HMble ,li;JIH Bhi'IHCJieHHH t/J(z) H Z 

npHBe,ll;eHhl B npHJI02KeHHHX 1, 2, 3 ,li;HCCe~H. 

YpauueuHe uopMHpOBKH 

roo t/J(z)dz = 1 
Jo • (5) 

ll03BOJIHeT HHTep~peTHpOBaTb <l>YHK~HIO t/J(z) KaK llJIOTHOCTb BepOHTHOCTH o6pa30Ba

HHH 'lacTH~hl C .n;aHHhiM 3Ha'leHHeM BeJIH'IHHhl ¢paKTa.JlbHOH Mephl z, COOTBeTCTBYIO~eii: 
paCCMaTpHBaeMOMY HHKJII03HBHOMY npo~eccy. 

B TJ)en.e:H rJiane npHBe.n;euhl pe3yJihTa.Thl aHa.JIH3a aKcnepnMeHTa.JibllhiX .n;aHHhiX 

ITO HHKJII03HBHOMY pO)K,ll;eHHIO 1r0 H 7]0 Me30HOB B p{p) + p B3aHMO,li;CHCTBHHX B paMKax 

KOH~en~HH z-cKeii:JIHHra. OnnchiBaeTCH nocrpoeune t/J(z) H z ,li;JIH paccMaTpnBaeMhiX 

npo~eccoB. OnncaHhl KHHeMaTH'IeCKHe .n;Hana30Hhl aueprnii: CTOJIKHOBeHHH .fS = (23-

540) raB, nonepe'IHhiX HMllYJibCOB PT = (1- 40) raB/c H ymoB BbiJieTa (} = 5°- 90° 

HIIKJII03HBHOH 'laCTH~hl B HCCJie.n;yeMhiX npo~eccax. 06p~aeTCH BHHMaHHe Ha CHJibHYIO 

3aBHCHMOCTb CllCKTpOB HeiiTpaJibHhiX Me30IIOB OT 3I!eprHH CTOJIKHOBeHHH H yrJia BbiJieTa 

qacrn~ c poCTOM nonepe.quoro nMnyJI~ca PT HHKJII03HBHoii,'laCTH~hl. 
McCJie.n;yroTCS: CBOiiCTBa z-npe.n;craBJieHHH aHa.JIH3npyeMhiX .n;aHHhiX. YcrauoBJieHbi, 

auepreTH'ICCKaH, yrJIOBaH He3aBHCHMOCTb n cy~eCTBOBaune .n;Byx pa3JIH'IHhiX o6JiaCTeii 

B llOBe,ll;eHHH CKeii:JIHHrOBOH <l>YHK~HH t/J(z) (pHc: 2 (a,6)}. 0TKphiT CTenellli~H 3aKOH llQ

Be,li;CHHH <l>YHK~H t/J(z) "' z-11 npn 6oJihillHX 3Ha'leHHHX nepeMeuuoii z. Ou paccMaTpH

BaeTCH, KaK .n;oKa3aTeJibCTBO <l>PaKTa.Jibl!Oro xapaKTepa npo~ecca o6pa30BaHHH 'lacTH~. 

Cy~eCTBOBaHHe .n;Byx pa3JIH'IHhiX o6JiacTeii: B noBe.n;eHHH CKeii:JIHuroBoil: <l>YHK~HH HB

JIHeTCH npOHBJieHHeM MHrKOro (o6Jiacrb Ma.JlbiX z) H 2KeCTKOI:<> (crenelll!Oe llOBe.n;eHHe 

t/J(z) npH z > 4) npo~ecca o6pa30BaHH,H 'laCTH~. YcrauoBJieuo pa3JIH'IHe BeJIH'IHHhl 

napaMeTpa HaKJIOHa {3 CKCMHHrDBOii <i>YHK~H ,li;JIH 1r0 Me30HOB B p + p H p + p CTOJIK-
a.rll 0 . . ' 

HOBeHHHX (P,>p = 7.30±0.28, /3;, = 5.75±0.04); IloJiy'leHHhiH pe3yJibTaT yKa3hiBaeT Ha 

pa3Hhle, uo HMeiO~e cxo.ivihle CBoii:CTBa, MexaHH3Mhl po)K,ll;e,UHH 1r0 :Me30IIOB B .n;aHHhiX 

CTOJIKHOBeHHHX. , 

9uepi:'eTH'IeCKaH lle3aBHCHMOCTb H creneuuoe noBe.n;euHe t/J ,li;JIH IuiKJII03HBIIOro po2K

.n;eHHH HCHTpa.JibHhiX Me30HOB B p + p CTOJIKHOBCHHHX llO,li;TBCp)K,ll;aeTCH l!OBhiMH 3KCll~ 

pHMCHTa.JlbHhiMH ,ll;aHHhiMH npH 3HeprHH CTOJIKHOBCHHH Vs:=2QQ faB, ITOJiy'leHHbiMH 

ua RHIC (4, 5], (pHc. 2 (B)) • 

YCTa.HOBJICllllhle CBOHCTBa z cKeii:JIHura n03BOJIHIOT npe.n;cKa3biBaTb cneKTphl ueii:

Tpa.JibHhiX Me3ouoB B p(p) +p B3aHMo.n;eii:cr8HHX npHaueprnHX RHIC, Tevatron: n LH?.· 
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Ha pne. 2 (r) rrpnBe,n;eHbi HHKJI103HBHbie erreKTpbi 1r
0 Me30~0B B p + p·B3am.m.n;eiieTBH

ffic rrpH 3HCprHHX Vs = 200, 5QQ faB. 110Ka3biBaCTeH B03M0)KH0CTb HeiiOJib30BaHHH 
z-eKCHJIHHra )l,JIH IIOIIeKa. HOBbiX ¢II311'1CeKHX 3aKOHOMCpHOCT~ii, IIpOl'IBJICHHC KOTOpbiX 

6y,n;eT Bbipa)KaTbeH B 113MCHCHIIII HaKJIOHa eKCiiJIIIHrOBOH <l>YHKqHH B 06JiaeTII CC aCHM

TOTll'ICeKOrO IIOBC,r(CHIIH {rrpii Z > 4). 

10 r-------------------------, 

to·• 
1o'.:.a 
to·J 

-10 4 

~ 
~to·' 

10~ 

tO_, 

10~ 

10 ~ 
10 _,. 

~ ·~ .. 1, p-p 

"' ...... \·,.· 
.,=90° 

s'". CeV/c \' 

... 23 ., 
0 ~~ .. , • 62 -

10 

(a) 

10 ·r _____ _:__ __ _ 
10' 
10 

10 _, 

10 •2 

10 •J 

N 10_. 
~ ta-s 

10 ~ 
10 _, 

10 ~ 
10 ~ 
to·•• 
to·" 
to-~~ 

·----•••••• 41'. 
p-p 

,.• ··~,... ., 
~~-·90° 

.. 
s'

1
'. GeV \ 
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200 STAR 

+ JQ ... 62 ISR '•. 

10 

(B) 

10' 

10 .-------------------------..., 

10 -· 

~.1 fO..., 

~ to·• 
i>-

10~ 

to·• 

10 ~ 

;;' 

• 90 
0 20 
+ 11.5 
• 15 
A 12 

10" 
7.5 
5 

p-p 

,.• 
5tn=53 GeV 

10 _, ---;-~~~~~~" 
10 

10 
1 

10.1 

10 -I 

Nf.J 10 4 

~ 10 ... 
~ 10 ... 
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Puc. 2: .3aBHCHMOCTb eKeiiJinnroBoii ¢ynKqiiii '1/J(z) OT z .u.nx IIHKJI103HBHOro po)K,Il;e

HHH 1r0 MC30HOB B p + p eTOJIKHOBCHIIHX npii 3HCpriiii Vs = {23 - 62) faB ll yme 

(},= 90°(2){a), 3HCpriiU .JS= 53 faB H yme (} = 5°-90° (3) (6), 3HCpriiH Vs = (30-

. 2QQ) faB II(}= 90° [2] - (5) (B). 3aBHeiiMOCTb ee'leHIIH pO)J{,Il;CHHH 1r
0 Me30HOB B p + p 

eTOJIKHOBCHIIHX OT rrorrepeqnoro IIMnyJibea PT (r). CnMBOJibl *• /::;. 11 errJIOWHbie JIHHHH

npe,n;eKa3aHIIH Ce'ICHIIii )l,JIH pa3.1IH'IHbiX 3Hepriiii, IIOJIY'ICHHbiC Ha OeHOBe Z eKeiiJIHHra. 

9KeiiCpiiMCl!TaJibHbiC ,n;aHHbiC 0603Ha'ICHbl eiiMBOJiaMII <>, 0 II + (2]. 

· B -iernepToii rmme npiiBe,n;enbl pe3yJibTaTbl ananH3a B pa~Kax KOH~err~nn z eKeii

JIHHra AaHHbiX rro HHKJI103IIBHOMY po)J{,Il;CHHlO 1r0 Me30HOB B p + A B3am.m.n;eiieTBHHX. 

OnncbiBaeTeH rroeTpoeniie eKeiiJIIIHrOBOii ¢ynKqHH '1/J(z) 11 rrepeMennoii z. Orrpe,n;CJIHlOT-

8 . 

ex aHOMaJibHbiC ¢paKTaJibHbiC pa3MCpHOCTII H,n;ep c5A = c5NA (c5N- ¢paKTaJibHaH pa3-
MCpHOCTb HYKJIOHa) II rrpeo6pa30BaHHC Z-+ az, '1/J-+ a-1'1/J, IIOOBOJIHlO~ee epaBHHBaTb 

eKCMIIHrDBbiC <l>YH~H )l,JIH pa3.1IH'IHbiX H)I;Cp. llpHBC,li;CHO OIIHcaHHC aHaJIH3HpyCMbiX 
aKerrepHMCHTaJibHbiX .n;aHHbiX (THIIbl Mmneneii- Be, C, AI, Cu, Au, KHHeMaTH'ICeKHe 

,n;Haiia30Hbl H3MCpCHHbiX erreKTpOB Vs = {19- 38) faB, Pr = (0.45- 12) faBje, (} = 900). 
0rMe'laeTCH eHJibHaH 3aBHeHMOCTb HHKJI103HBHbiX eC'ICHIIii OT 3HCpniH crOnKHOllCHlUI, 

KOTOpaH e~e 6oJiee yeHJIIi:BaeTCH e yBenH'ICHHCM rrorrepe'IHOro HMIIYJibca perncrpHpye
MOii HHKJI103HBHOH 'laCTIJqbl. 

to' to• 

10' 10'1' . . ' 
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·~,. p-Au 

1 •.. p "'u 10 • • 
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.2 z-a•z • n (; 1 
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10 _. 4 31 Be • 10.... o 6J ', 

10 -·· ~ ~~ ~~ t 10 _, : ~ • 
1Q -U 1Q -e[..,...._.c.,L~_, 

10 _, 0 2 4 6 8 10 12 

z 
10 

Pr. GeV/c 

(a) (6) 

P11e. 3: (a)- 3aBHeHMOCTb eKeitn:HnroBoii ¢ynKqiin '1/J(~) OT z .u.nx ~0 Me30H~B, po~e
HbiX B p +A B3aHMO,li;CHCTBHHX np~ 3HeprHH ..;s = {19 - 38) raB (6]-(9]. (6) - MnK.nro-
3HBHbiC ee'leHIIH po)J{,Il;enux 1r0 Me30HOB B p +Au CTOJIKHOBeHIIHX B 3aBueuMOCTU OT no

rrepeqnoro HMIIYJibea _v; npn Pa3JIH'IHbiX 3HCprHHX CTOJIKHOBenrui ..;s = {19- 500) raB 

11 yme perHCTpaqHn 6=90° 'lacTHqbl. CuMBOJibl <>, o,, + H eiiJiomnhle JIUHIIU - rrpe.n;eKa-
3aHIIH, /::;.- 3KerrepiiMCHTaJibHbiC ,n;aHHble (7). " , 

J1cCJie.n;ylOTCH eBOiiCTBa Z rrpe,n;CTaBJICHHH IIHKJI103UBiibiX,. eC'ICHIIii pO)J{,Il;CHIIH 1r
0 Me-

30HOB B p +A B3aHMo.n;eACTBHHX npn BbleoKHX aneprnxx • .YcranoBJiena afiepreTH'ICeKax 
He3aBHeHMOCTb eKeitn:uHroBoii ¢YilK~II '1/J(z) (puc. 3(a)) ~·A-3aBHeHMOcTb rrpe06p83o

BaHHH z -+ a(A)z, '1/J -+ a(A)-1'1/J (pRe. 4(a)). TaK KaK KOJ¢<l>HqHtmT a( A) ne 3aBIICIIT 

OT KHHeMaTH'ICeKHX nepeMeHHbiX, TO JTO HBJIH~cH eBH.n;eTenbCTBOM eaMOllO,li;OOHOrD 

xapaKTCpa o6pa30BaHIIH .'IaCTH~ B H,n;epnoii epe.n;e. 'rrpu 6oJI&mnx 3Ha'lenu~ z > 4 ~ 
napy)KHBaeTCH YKa:JaHue na acHMIITOTH'ICeKoe rroBe.n;enne dfJ / dz -+ c:Onst, B TO BPeMH 

KaK npn MaJibiX 3Ha'leimmc z nafutro.n;aercx H3MCHCHHe mipaMeTpa nwona fJ 'eKeitn:lm

roBoii <l>YHKqHH. llOJiy'ICHHblii pe3YJibTaT YKa:JbiBaeT H,a npoHBJICHHC )KeCTKOrD (z > 4) 

H MHrKOrD (z < 4) pe)KHMOB B npoqecee 00pa30BaHIIH 1r0 Me30HOB B IlpOTOH-H,n;epHWc 

B3anMo,n;eiiCTBHHX. CTCrrennoe noBC,n;enHe '1/J(z) yWbiBaeT na ¢paKTMbHMA xapaKTCP 

o6paaOBaHIIH ~aCrHq IIpH 6oJibWHX z, ~OOTBeTCTByro~HX 60JibiiiHM llOIICJ>El'IH~M HM-
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60 

Pnc. 4: (a) - A-3aBHCHMOCTb rrapaMeTpa rrpeo6pa30BaHnii a( A) ,IVI.II p +A B3aHMO.n;eii

CTBllii. IJyHKTllpHa.H JlllHH.II IIOJiy"<IeHa <PnTOM .n;aHHbiX ,il,.rr.H 3ap.H)KeHHbiX ( 0 - h±) (11 

a.n;pOHOB, CllMBOJibi- ~' COOTBeTCTBYIOT 1!"
0 Me30HaM~- (6) - 3aBHCllMOCTb nepeMeHHOit Z 

oT rwrrepeqHoro IIMIIYJihCa PT ,IVI.H 1r0 Me3oHoB, po)K,IJ;eHHbiX B p + Au CTOJIKHOBeHn.HX 

rrpH pa3Jill"'IHbiX :meprH.IIX ..jS = (1g- 500) raB ll yrJie () = go~ . 

IIYJihCaM PT· 
Y CTaHOBJieHHble CBOitCTBa CKeitJIHHrOBOit <i>YHKil,IIII llCIIOJib30BaHbi ,IVI.II rrpoBe,Z~;eHH.II 

rrpe.n;cKa3aTeJihHbiX pac"<IeToB crreKTpoB 1r0 Me30HOB B p+ A B3auMo.n;eitCTBH.HX rrpu aHep

rn.HX RHIC, KOTOpbrerrpe.n;cTaBJI.HIOT HHTepec ,IVI.H cpaBHHBaTbC.H c 6y.n;ym;HMH aKcrrepu

MeHTaJihHblkm .n;aHHhiMH. Ha pnc. 3(6) rrpnBe.n;enhr nMrryJihCHhre crreKTphi 1r0 Me3oHoB B 

p+ Au B3aHMO,ll;eiicTBll.IIX B ~uarra3(JHe -aneprnii: yS = (63 ~ 500) raB. 

06cy~aeTC.II B03M0)KH0e HapymeHHe Z-CKeitJIHHra B IIpOTOH-.H,ll;epHbiX B3aHMO,ll;eii:

CTBll.HX, KOTOpOe 6y.n;eT Bbipa)KaTbC.II B ll3MeHeHHll 3Ha"'leHH.II aHOMaJibHOit <l>paKTaJibHOii 

pa3MepHOCTH .H,ll;ep 8 A II HaKJIOHa CKeii:mmrOBOit <i>YHKD;HH B o6JiaCTll ee aCHMIITOTH"'Ie

CKOrO rrone.n;eHu.H. Bo3MO)KHbre HapymeHH.H MoryT paccMaTpnBaThC.H KaK YKa3aHH.H Ha 

HOBbie _<PII3H"'IeCKHe 3aKOHOMepHOCTH, TaKHe KaK <j>a30Bble rrepeXO,ll;bi a,ll;POHHOit ll .H,ll;ep

HOit MaTepHH, _ IIO,Z~;:i.BJieHIIe pO)K,ll;eHH.II "'laCTIID; C 60JibillHMH IIOIIepe"'IHbiMH HMIIYJibCaMH 

B MepHoii cpe.n;e. Ilpe,IVIO)KeHa o6'be.n;uHeHHa.H KHHeMaTnqecKa.H·n .n;nHaMu"<IeCKa.H 3aBn

CHMOCTh (z -PT 3aBncnMocrh) (pnc. 4(6)) ,IVI.H Bbl6opa o6Jiaci'n, r.n;e rroucK HapymeHn.H 

Z CKeitJinHra Han6oJiee OIITIIMaJiefi; Pe3yJibTaTbi aHMII3a 3KCIIepnMeHTaJibHbiX .n;aHHbiX 

:yKa3biBaiOT Ha cym;eCTBOBaHHe CKeHJIHHra BIIJIOTb ,!1;0 Z = 20. 

B nsToii rnane rrpHBe.n;eH:br 'n o6cy)K,ll;aiOTC.H Pe3YJibTaThi aHaJIH3a aKcrrepimeH

TaJihHhiX .n;aliHhiX no po)K,ll;eHnio CTPYii B p(ji) + p roauMo.n;eiicTBH.Hx na KC)JIJiaii.n;epax 

ISR; SppS II Tevatron B paMKax z cKeitJinHra. OrrncbJ:naeTca rrocrpoeHIIe cKeiiJIIIHroBoii 

<j>yHKIJ;Ilii '1/J(z) n rrepeMeHHOii z. 
· · OrrncaHa KHHeMaTH"<IeCKa.H o6JiacTh ncCJie.n;yeMbiX crreKTpon crpyii - ..fS '= ( 38 · -

' 1g6Q) raB, PT = (5 -·500) raB/c ll 1111 < 3. 0TMe"'laeTC.II 3aBHCHMOCTb ce"<IeHH.II crpyii 

.· oT aHepmn ..fS n nceB.n;o6i.ri:TpOThi 11 ycnJinBarom;a~c.H c pocToM rronepe"<IHoii aHeprnn 

crpyn. 
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Puc. 5: 3aBHCHMOCTb CKeiiJIHHroBoii <PYHKD;HH .,P(z)"oi z ,IVIH HHKJII03IIBHoro po)K,ll;eHH.H 

CTpyii· B. p + p CTOJIKHOBeHH.IIX IIpH 3HeprH.IIX Vs ='= . 546, 630, 1800 rsB II () = · gQO 

(10, 11j (a), npu 3Heprnn Vs = 1800 raB ll 1111 < 3 (12J (6), rrpn 3HepruH ..jS = 630, 

1800, 1g6Q raB n () ='== goo (11J (n), rrpu aHeprnn ..jS = 1g6Q raB n 1111 < 2.r (13J (r). 

IJyHKTHpHbie JIIIHHH- pe3yJibTaT <j>nTa .n;aHHbiX CTerreHHOit <j>yHKD;Heit, '1/J(z) ='= ao·· z-!3 
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Puc. 6: CeqeHUH po:>K,~~;eHHH crpyii B p+p (a) u p+p (6} roauMOAeiicrBumc: B 3aBUCUMOCTU 
OT nonepeqHoro uMnyJibca 'Pr ,!VIH pa3.11HqHbiX aHeprnii ..[S u yme 9=90°. ToqKu -

pe3yJibTaT pacqeTa, OCHOBaHHblii Ha CBOiiCTBax Z CKeiiJiunra. "' 

IloJiyqeHo z-npe.n;craBJieHue aKcnepuMeHTaJibHhlX .n;auHblX no uMnyJihCHblM cneK

TpaM cTpyii. YcraHoBJieHbl aHepreTuqecKaH (puc. 5(a)}, yrJIOBaH (puc. 5{6}} He3aBu

CHMOCTh U CTeneHHOe nOBe,ll;eHue CKeiiJiuHroBOH <l>YHKD;UU 1/J{z} npu 60JibniHX Z. CTe

neHHaH 3aBucuMOCTb .,P(z) yKa3hiBaeT Ha q,paKTaJibHblii xapaKTep npon;ecca po:>K,!J;eHuH 

crpyii. Cym;eCTBOBaHue .n;Byx pa3.11uqHhiX o6JiaCTeii noBe.n;eHUH .,P{z) HBJIHeTCH OTpa

:lKeHueM :lKeCTKOro (z > 70) u MHrKoro (z < 70) pe:lKHMOB npon;ecca o6paaoBaHUH 

qacrun;, <l>opMHpyrom;mc: crpyro. CpauHeHue cBoiiCTB z npeACTaBJieHuH npon;ecca po:lK
.n;eHUH crpyii B p + p U p + p B3aHMO.n;eiiCTBUHX nOKa3aJIO, qTQ 3HaqeHUe napaMeTpoB 

HaKJIOHa f3 CKeiiJIUHrOBOii <i>YHKIJ;UH AJIH crpyi!: B 3THX B3aHMO,ll;eiiCTBUHX pa3JIUqHbl 
(f3f,;t = 5.95 ± 0.21, f3fr,et = 5.26 ± 0.12). KaK u B CJiyqae po:>K,~~;eHirn 1r

0 
Me30HOB, Ha

KJIOH <l>YHKIJ;HU 1/J(z) B p + p B3aUMO,ll;eiiCTBHHX 60Jibme, qeM B p + p. 9TOT pe3yJibTaT 

YKa3biBaeT He TOJibKO Ha pa3.1Iuque B MeXaHH3Max po:lK,ll;eHUH CTpyu B p + p U p + p 
B3aHMO,ll;eiiCTBUHX

1 
HO TaK:lKe U Ha CXO,ll;CTBO CBOiiCTB MeXaHH3Ma <i>opMUpOBaHUH CTpyu 

(caMono.n;o6ue u <l>paKTaJihHOCTb). 
9KcnepuMeHTaJibHble .n;aHHble, noJiyqeHHble Ha Tevatron npu 3Hepruu ..;s = 1960 raB, 

n03BOJIHIOT DpOBeCTU npOBepKy yCTaHOBJieHHblX CBOHCTB Z CKeiiJIUHI'a AJIH po)K,ll;eHHH 

crpyii B p{jj) + p B3aUMO.n;ei!:CTBUHX1 yCTaHOBJieHHbiX paHee npH MeHbDIHX 3HeprHHX. 

Ha puc. 5(B,r) npeACTaBJieHhl HOBble AaHHble Ko.JIJia6opan;uii CDF u DO no ceqeHHHM 
po)K,ll;eHHH crpyii B z npe.n;craBJieHuu, noATBep)K,ll;aiOm;ue- aHepreTuqecKyiO, ymoByiO 

He3aBHCUMOCTb H CTeneHHOe noBe,ll;eHHe CKeiiJIHHroBOii <l>YHKD;UU 1/J(z). - -

YcrauoBJieHHble cKei!:JIHHroBue 3aKOHOMepHOCTH HHKJII03UBHOro po)K,ll;eHuH crpyii 

nOOBOJIHJIU npe,ll;CKa3aTb cneKTpbl CTpyii B p(jj) + p B3aUMO,ll;ei!:CTBHHX B pa3.11HqHblX 

12 

KUHeMaTuqecKnx .n;uanaaoHax npu aHepruHx RHIC, Tevatron n LHC. 
- PmyJibTaTbi npe.n;cKaaaHuii noKa3aHbl Ha puc. 6{a,6); B .n;aHHOii rJiaBe o6cy:>K,~~;aeTCH 

TaK:lKe B03MO:lKHOCTb HapymeHUH Z-CKeiiJIUHra, BCJie,ll;CTBUe IIpOHBJieHUH HOBbiX <Pu3nqe.. 
CKHX HBJieHHH, TaKHX KaK <l>aaOBblH rrepexo.n; a,ll;pOHHOH MaTepuu. Ilpe.n;rroJiaraeTCH, qTQ 

TaKOe Hapyrue~ue 6y.n;eT IIpOHWmTbCH B U3MeHeHUU HaKJIOHa CKeMHHrOBOH, <i>YHKD;UU 

'1/J(z) B 06JiaCTU ee aCUMIITOTuqeCKOro IIOBe,ll;eHHH IIpH 60.!JbDIHX 3HaqeHUHX z. 
B mecToii rJiaBe rrpe.n;CTaBJieHhl PffiYJibTaTbi MoHTe KapJio aHaJIH3a po~eHHH 

CTpyii B p + p roauMo.n;eii:CTBUHX rrpu ::lHepruu ..;s = 200' raB. OrrucaH MexaHU3Ma re

Hepan;uu crpyii B rrporpaMMe PYTHIA. IloKa3aHo BJIUHHue' BHyTpeHHHX rrapaMeTpoB 

rrporpaMMbl Ha IIOIIepeqHble cneKTpbl qaCTUD; U OnucaH MeTO,ll; KOppeKTHpOBKH ,ll;aHHQ

ro BJIUHHUH Ha pacnpe.n;eneHuil:- co6hiTuii no nonepeqHoii aHeprun crpyu. B KaqecrBe 

napaMeTpOB aJirOpUTMa peKOHCTpyKD;HU CTpyH UCIIOJib3YIOTCH CJie.n;yiOm;ue BeJIUqUHJ>I: 

Eseed- aHepruH IIHun;uaTopa CTpyu, Ecut- MUHUMaJibHaH aHepruH crpyii u R- pa.n;uyc 
CTpyu B npOCTpaHCTBe Tf, if> • IlpHBO,ll;UTCH onucaHHe KOHyCHOrO aJirOpUTMa peKOHCTpyK

D;UU CTpyii, BOCnpOU3BOMm;ero OCHOBHble maru D0-aKCnepHMeHTaJibHOrO aJirOpUTMa U 

yquTblBaiOm;ero B03MO:lKHOCTb nepeKpbiTUH MHOrUX CTpyil:. 
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(6) 

Puc. 7: 3aBucuMOCTb BepOHTHOCTU Bhl,ll;eJieHuH .n;Byx UJIU Tpex CTpyii OT norrepeqHoro 

uMnyJibCa :lKeCTKoro npon;ecca pl. ,!VIH pa3JIHqHblX 3HaqeHuii Ecut (a), Eseed (6). 

McCJie.n;oBaHo BJIUHHue 3HaqeHuil: rrapaMeTpOB anropUTMa Ha 3aBUCUMOCTh BepoHT

HOCTU peKOHCTPYKD;UH N-crpyil: B C06biTUH U UX xapaKTepUCTUKU OT norrepeqHoro UM

nyJibCa :lKeCTKOro npon;ecca pj_. YcraHOBJieHo, qro napaMeTp Eseed= {0.5 - 1.5) raB He 
BJIUHeT Ha BepOHTHOCTb Bhl,ll;eJieHHH .n;Byx u Tpex crpyil: B co6blTUH, a rrapaMeTpbi Et:ut. 
R u3MeHHIOT. Tun peKOHCTpyupoBaHHhlX co6uTuii (1, 2, ••. N-crpyiiHue). 

Ha puc. 7 npuBOAHTCH 3aBHCUMOCTu BepoHTHOCTU Bhl,ll;eJieHuH .n;Byx u Tpex .crpyii 

OT napaMeTpoB Eseed (puc. 7(a)) u Ecut (puc. 7{6)). IloKaaaHo, qTO roqHOCTb BOC

CTaHOBJieHUH .n;BYMH Jiu.n;upyiOm;uMu crpyHMU (B N-crpyil:HblX co6b1TUHX) nonepeqHoro 
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· IIMIIYJibCa P.j:art II Hanp8.B.IIeHH.H :>KeCTKO pacce.HHHOro naproHa He 33.BIICIIT OT napaMeT

pa aJiropiiTMa Ecut npH R=0.7 {piiC. 8{a,6)) II 'IYBCTBHTeJibHa K BeJIII'IIIHe napaMeTpa 

R (p1Ic.8(a,r)). ,lJ.mi xapaKTepHCTIIKII TO'IHOCTII aoccraHoBJieHII.H nonepe'IHOro IIMIIYJib-

71 N...,~2, R=0.7 I 1 "" ..,.., c _.,.,.,_u 
...... -· "" • -- · ...o I 8~ 

lfJ 6.5 
~ 6 

5.5 
5 

4.5 
4 

~/· 
.... 

,J' o E...•14 GaY 

3.5IL:~ 
3 .i'' 

2.5 * 

• E...•7GaY 

• e...•sGaY 

15 20 25 30 35 40 45 50 

~ (GeY/c) 

(a) 

-1' 0.21 N ... , ~ 2, R=0.7 I 
rt 0.18~ 
~ 0.16 

0.14 

o.d 
0. 

0.08 

0.06 

0.04 

0.02: 

o e_=14GaY 

• E...=7GaY 
* ·E...•SGaV 

~0 15 20 25 30 35 40 45 50 

p~art (GeV/c) 

(a) 

~ 7 
6 

J 

* Rs1.1 
It I I I I I I ,I 
15 20 25 30 35 40 45 50 

~ (GaY/c) 

"{6) 

-1' 0.2 

r;o.18l 

~ 0.16 

0.14 
I 

0.12i 
0.1 

I 

0.08 

0.06 o R=0.4 
0.04 • R=0.7 
0.02 * R=1.1 

~0 15 20 25 30 35 40 45 50 
pPort 

T (GeV/c) 

(r) 

PIIc. 8: 3aBIICHMOCTb rms II < b.Rf,e,frt > OT P.j:art )VI.H ~yx JIII.ZJ.HPYIO~HX crpyii B 

N-crpyliHbiX co6biTHHX npii pa3JIII'IHbiX 3Ha'leHnii Ecut {a,a) II R {6,r). 

ca napToHa P.j:art acnoJib3YeTC.H miipiiHa pacnpe,n;eJieHII.H rms KOJIII'lecraa co6blTIIii no 

nonepe'IHOii :meprnii crpyii Ef.et ,IVI.H Y3Koro ,n;Hana3oHa 3Ha'leHIIil P.j:art KaK <l>YHKD;II.H 

P.j:art (pnc; 8{a,B)). Cpe,n;Hee OTKJIOHeHIIe OCII crpyii OT Hanp8.B.IIeHII.H COOTBeTCTBYIO

~ero :>KeCTKO pacce.HHHOro naproHa < D.Rf,e,fri > KaK <l>YHK~.H P.j:art (p1Ic. 8(6),(r)) 

Bbl6paHO ,n;JI.11 Onpe,n;eJieHII.II TO'IHOCTII BOCCTaHOBJieHH.II HanpaBJieHII.II naproHa. 

B ,!l;aHHoii rJiaBe IICCJie,n;oaaHo BJIH.HHIIe napaMeTpOB aJiropiiTMa Ha ce'leHne po:>K

,n;eHH.H crpy.ll: . B PT II z npe,n;craBJieHnHX; TioKa3ano, · 'ITO cneKTpbl crpyii 33.BHC.HT OT 

14 

napaMeTpOB aJiropHTMa peKOHCTpyKI.J;HH CTpyii B o6JiaCTII E:j.et < 25 raB. Ha pac. 9(a) 

llpHBe,n;eHa 3aBHCIIMOCTb OTHOIIIeHH.II (JetPar2 - JetPari)/ Jet Pari ceqeHHH pO:>K,n;eHH.H 

crpyii OT E:j.et, peKOHCTpyapoaaHHbiX npa acnoJib30BaHna Ha6opoa napaMeTpoa PARI 

n PAR2 (PARI: Ecu1=7 raB, Eseed= raB, R=0.7; PAR2: Ecut=5 raB, Eseed=0.5raB, 

R=0.4). YcraHOBJieHo, 'ITO Haa6oJibiiiee OTJIII'IHe ce'leHaii npoHBJIHeTC.H B o6JiaCTH, B 

KOTOpOil: ,!l;OMHHHpyiOT O,!l;HOCTpyil:Hbie C06biTH.II. Ha pHC. 9(6) npe,n;CTaBJieHO OTHOIIIeHIIe . 

Jet N /Jet All ceqeHnii po:>K,n;eHHH N -crpyiiHbiX co6biTIIii K noJIHOMY ceqeHHIO B 3aaaca-
MOCTH OT E:j.et. . 

flpoae,n;eHO CpaBHeHIIe :3KCnepiiMeHTaJibHbiX ,n;aHHbiX llO Ce'leHH.IIM po:>K,n;eHH.IICTpyfi, 

noJiy'leHHbiX KOJIJia6opau;aeii STAR (I4), n pe3yJibTaTaMu Mo,n;enapoaaHH.H nporpaMMoii 

PYTHIA. IIoJiy'leHo xopoiiiee comacne aKcnepnMeHTaJibHbiX )l.aHHbiM c pe3yJihTaTaMH 

npoae,n;eHHoro aHaJIII3a {pac. 9(a)). Pe3yJibTaTbl IICCJie,n;oaaHH.H z ~pe.n;craaJieHI~.H noKa-

3aJIII He3aBHCHMOCTb BeJIII'IHHbl HaKJIOHa (J <l>YHKI.J;HH t/J(z) B o6JiaCTH E:j.et = 25- 60 raB 

(pac. 9(r)). O,n;HaKO npoaepKa acnMnToTii'lecKoro noae,n;eHHH cKeiiJIHHroaoii <l>YHKI.J;HU 

B o6JiaCTH 6oJibiiiiiX z c acno.rib3oBaHHeM ,n;aHHbiX RHIC noKa3ana, 'ITO )VI.H noJiyqeiJ:u.H 

y6e,n;IITeJibHOro 3a~IO'leHH~ o aeJIII'IHHe HaKJioHa t/J(z) Heo6xo,n;aMo H3MepeHue cneK

Tpoa CTpyii B o6JiaCTII E:j.et > 25 raB c 60Jibllleii CTaTUCTH'leCKOH o6ecneqeHHOCTbiO. 

B 3aKJIIO'leHHH c¢opMyJIHpoaaHbl ocHOBHbie ¢H3H'leCKHe H MeTo,n;H'leCKHe pe3yJib
TaTbl .n;nccepTau;noHHOii pa6oTbi: 

• IIpoae,n;eHo o6o6~eHHe Teopaa z CKeiiJIHHra Ha onucaHae HHKJII03IIBHoro po:>K,n;e

HH.H HefiTpaJibHbie Me30HOB H CTpyfi. BnepBbie, HCllOJib3Y.H :3~CrrepHMeHTaJibHbie ,n;aHHbie 

IIO HHKJII03HBHhlM Ce'leHH.IIM pmf<,n;eHH.H, llOCTpOeHbl CKeiiJIH~roaaH <l>YHKI.J;HH t/J(z) H rre

peMeHHaH z )VI.H pO)K,!l;eHH.H 1r
0 Me30HOB B p + p(ji, A) B3aHMo,n;eil:CTBH.HX, rj0 M:e30HOB B 

p+p H CTpyfi B p+p(ji) CTOJIKHOBeHH.IIX. ITo,n;TBep:>K,n;eHbl pe3yJibTaTbl IIO CKefiJIHHroBbiM 

3aKOHOMepHOCT.IIM pO:>K,n;eHH.II 3ap.H)KeHHbiX a,IIpOHOB B p + p(A) CTOJIKHOBeHM.IIM. 

• YcTaHOBJieHbl caoiiCTBa z rrpe,n;cTaBJieHH.H aKcrrepHMeHTaJibHbiX ,n;aHHbiX .IVI.H pac

CMaTpHaaeMbiX rrpon;eCCOB - :3Hepr:eTH'leCKaH, yrJIOBa.H He3aBHCHMOCTb H cy~eCTBOBaHIIe 

.n;ayx o6JiacTeii pa3JIH'IHOro rroae,n;enim cKeiiJIHHroaoii ¢YHKI.J;HH t/J(z). YcraHOBJieno cTe

rreHHOe IIOBe,n;eHHe <i>YHKI.J;HH t/J(z) ~ z-fJ IlpH 60JibiiiHX 3Ha'leHHfiX Z H OTKJIOHeHHe OT 

,n;aHHOii 3aBHCHMOCTH B o6JiaCTH MaiTbiX z. IIoJiy'leHHbiii pe3yJihTaT HHTeprrpeTHPYIOTCH 

KaK rrpo.HBJieHHe )KeCTKOro H M.HrKoro pe)KHMa rrpou;ecca o6pa3oBaHH.H qacTHI.J; ( CTpyii). 

CTerreHHoii xapaKTep <l>YHKI.J;IIII t/J(z) corJiacyeTC.H c H,n;eeii o <}>paKTaJibHOM xapaKTepe 

rrpou;ecca pO:>K,n;eHH.H 'laCTHI.J; ( CTpyii). C yMeHbiiieHHeM BeJIH'IHHbl ¢paKTaJibHOH Me

phi z yMeHblllaeTc.H pa3peiiieHHe, rrptl KOTopoM CTPYKTypa aJieMeHTapHoro CTOJIKHoae

HH.H MO)KeT 6b1Tb Bbi,!l;eJieHa H3 paccMaTpHBaeMoro B3aHMo,n;eiiCTBH.H. B HaCTO.H~ee ape

.M.H eCTb OCHOllaHH.II Ilpe,n;rrOJiaraTb; 'ITO :3TO o6~ee CBOfiCTBO o6pa30BaHII.II 'laCTHI.J; rrpu 

6oJibiiiiiX z. IIoaroMy aKcriepHMeHTaJihHaH rrpoaepKa ycraHOBJiemioil: 3aKOHOMepHOCTH 

iipe,n;cTaBJIHeT 3Ha'IHTeJibHblii HHTepec ,n;JIH pil3aaTH.H li1o,n;eJieii orrHCbiBaiO~nx po:>K,n;e

HHe qacrau;; YcTaHoB.rreiio OTJIHque rrapaMeTpoa HaKJicma (J cKeiiminroaoii <l>YHKI.J;IIII 

t/J(z) )VI.H 1r
0 

Me30HOB H CTpyil: B p + p H p + p CTOJIKHOBeHHH ({Jpp > fJw)·. choT pe-

3YJihTaT CBH,!l;eTeJibCTBYeT 0 cy~eCTBeHHOM pa3JIH'IHH IIO,!l;IIpou;eccoB IIHIII.J;IIIIpyiO~IIX 

po:>K,n;eHHe 'laCTHI.J; {cTpyii) na MaJibiX MaciiiTa6ax. YcraHoBJieHa A-3aBHCIIMOCTb rrpe

o6pa3oBaHH.H Z -> o:(A)z, t/J -> o:-1{A)t/J, HCIIOJib3yeMoro IlpH cpaBHeHIIH <i>YHKI.J;Hii 
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Puc •. 9: 3aauCUMOCTh OTHOmeHUH (Jet Par2 - Jet Pari)/ Jet Par1 HHKJII03UaHhiX ceqeHuii 

po~eHnH crpyii oT Ef.•t (a). 0THomeHue JetNfJetAu ceqeHuii N-crpyfiHhlX co6hlTnfi 

·KIIOJIHOMY ceqeHuro a 3aBHCHMOCTH OT E;f.et (6). 3aaucuMOCTh HHKJII03UaHhiX ce'leHuii 

crpyfi OT norrepe'IHOH aHepruu crpyu E;f.et (a). 3aaUCUMOCTb 'cKeHJIUHroaofi <l>YHKIWH 

tf;(z) OT rrepeMeHHoii z. CuMaOJihl *- aKcrrepuMeHTaJihHhle .n;aHHhle, rroJiy'leHHhle KoJia-

6opaquefiSTAR (14) (r). · . 
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t/J(z) ,ll;JIH pa3JIUqHhiX x.n;ep. IloJiy'leHnhiii pe3yJihTaT, IIOMep:lKHaaeTrurroTe3y:o caMo

rro.n;o6HOM xapaKTepe BJIHHHHH x.n;epnoii cpe.n;hi Ha MexaHn3M · <l>opMupoBaHnH qacTuq c 

60JihlliHMH IIOIIepe'IHbiMH llMIIYJibCaMU. 

e Ha OCHOae yCTaHOBJieHHhiX caoiiCTa Z-CKeiiJIHHra rrpe.n;CKa3aHbl HMIIYJibCHble CIIeK

Tphl 71"
0 

Me30Hoa a p + p , p + p u p + A a3auMo.n;eiicrBuxx; crreKTphi 'T/0. Me30Hoa p + p 
ll CTpyfi B p + p ll p + p CTOJIKHOaeHUHX. 

• Ha ocHoBe aKcrrepuMeHTaJihHhiX .n;aHHhiX RHIC rro;ryqeHo rro.n;Taep~eHue aHep

reTuqecKoii He3aaHCllMOCTH CKeiiJIHHI'OaOii <l>YIIK}\llll ll ee CTerreHHOI'O IIOBe.n;eHHH · ,ll;JIH 

71"
0 

Me30HOa a p + p B3allMO,ll;efiCTaUHX aiiJIOTb ,!1;0 SHeprHH CTOJIKHOBeHHH 200 raB ll IIQ

nepe'IHOro llMIIYJihCa 20 raBfc. ,ll.aHHble no po~eHHIO CTpyii Ha Tevatron npn aHeprHH 

1960 raB IIO,ll;Taep,ll;IIJIU 3HepreTII'leCKYI01 yrJIOBYIO ne3aaiiCHMOCTH H CTerreHHOe IIOBe

.n;eHHe CKeHJIHHI'OBOH <l>YHK}\HH t/J(z) rrpu 60JiblliiiX 3Ha'leHHHX Z ,ll;JIH pO:lK,ll;eHHH crpyii 

a p + p B3aHMO,ll;efiCTaHHX. 

• YcTaHOBJieHa rrpHHI\HIIHaJihHaH B03~0:lKHOCTh rroncKa H H3y'leHHH HOBhlX <l>n3H'le

CKIIX 3aKOHOMepHOCTefi, TaKHX KaK <l>a30Bblll rrepeXO,ll; a.n;pOHHOfi H x.n;epHOfi MaTepiiH H 

.n;p., IIpOHBJIHIOID;HXCH a HapymeHHH yCTaHOBJieHHhiX CKefiJIHHI'OabiX 3aKOHOMepHOCTefi. 

l13MeHeHHe rrapaMeTpa HaKJIOHa /3 CKeiiJIHHI'OBOH <l>YHKI\HH t/J(z) a 06JiaCTH ee acH~IITQ
TH'leCKOI'O IIOBe.n;eHHH H 3Ha'leHHH <l>paKTaJibHOU pa3MepHOCTH H,ll;ep ~A MOI'YT CJIY:lKHTb 

KOJIH'leCTBeHHOH xapaKTepHCTHKOH HapymeHHH Z-CKeHJIHHI'a. Ilpe,ll;JIO:lKeHa 06'be,ll;HHeH

HaH KHHeMaTH'leCKaH H ,ll;HHaMH'leCKaH 3aaHCHMOCTb (z-P:r-3aBHCHMOCTb) ,ll;JIH Bhl60pa 

o6JiaCTH1 r.n;e IIOHCK B03M02KHOI'O HapymeHHH Z CKeHJIHHI'a OIITHMaJieH. 

• l1cCJie.n;oaaHO BJIHHHHe mipaMeTpOB KOHYCHOI'O aJII'OpHTMa peKOHCTPYKI\HH CTpyii 

Ha KOJIH'leCTBO Bbl)J;eJIHeMbiX B C06hiTHH CTpyii H IIX xapaKTepHCTHKH. IlOKa3aHO, 'ITO 

rrapaMeTp Eseed= (0.5 - 1.5) raB He· BJIHHeT, a rrapaMeTpbl Ecut, R H3MeHHIOT THII pe

KOHCTpynpoaaHHbiX C06biTHH (1-, 2-, ... N-crpyiiHbie). YcTaHOBJieHO, 'ITO TO'IHOCTh aoc

CTaHOBJieHHH .n;ayMH JIII,ll;Hpyrom;HMH CTPYHMH (B N-crpyiiHhiX co6biTHxx) rrorrepe'IHOro 

HMIIYJibca H HarrpaBJieHHH :lKeCTKO pacceHHHoro rrapTOHa He 3aBHCHT OT rrapaMeTpa Ecut 
rrpn R = 0. 7 n '~YBCTBHTeJieH K BeJIH'IHHe R. ,ll.aHHhie xapaKTepnCTHKH ,ll;JIH .n;ayxcTpyii

HhiX co6hrTnfi 3aaucxT KaK OT Ec:Ut. TaK H R. 
• YcTaHOBJieHa 3aBHCHMOCTh ceqeHHii po~eHHH crpyii a p + p a3aHMo.n;efiCTBHHX 

rrpH ..jS = 200 raB B o6JiacTH E;f.et < 25 raB a PT II z rrpe.n;CTaBJieHHHX OT rrapaMeT

pOB KOHYCHOI'O aJII'OpiiTMa. ,ll.JIH .n;ayXCTpyfiHhiX C06biTHH STa· 06JiaCTh yMeHhmaeTCH ,!1;0 

E;f.•t < 15 raB. IlOKa3aHO OTCYTCTBIIe ;lmHHHHH rrapaMeTpOB aJII'OpHTMa Ha HaKJIOH /3 
CKeiiJIHHI'OBOii <l>YHK}\HH B .n;uarra3oiie E;f.et = (25 -'60) raB. ,ll.JIH 6onee TO'IIIOH rrpoaep

KH aCIIMIITOTH'leCKOI'O IIOBe.n;eHIIH CKefiJIHHI'OBOH <l>YHK}\HH t/J(z) rrpH SHepnm 200 raB 

Ha RHIC Heo6xo.n;HMO yBeJIH'leHue CTaTHCTHKH aKcrrepnMenTaJihHhiX .n;aHHhlX B .n;uarra-

30He E;f.•t > 25 raB. 
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