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C ,n0cceprnuneii. M0)KH0 03HaK0MllTbC.!I B 6n6JIH0TeKe O61,e,n:1-rneHH0fO HHCTllTYTa 

H,nepHbIX nccne,noBaHHtt. 

YqeH1,1ii. ceKpernp1, ,ni-1ccepTaUH0HH0ro coaeTa 

,!{0KT0p qJll3HKO-MaTeMaTHqecKHX HayK IO.A.EaTycoa 

06rrt;a51: xapaKTep11CTl1Ka pa60Tbl 

AKTYa.JihHOCTh TeMhI. cI>epMIIOHhI, 3JieMeHTapHbie qacTIIUhI co CTIIIHOM 1/2, B CM 

,n.eJI.HTC.H Ha )].Be rpym1br: KBapKII II JieTITOHbl. ToTI-KBapK - caMblll T.H2KeJihlii 113 

BCex KBapKOB. O,n.Ha 113 rJiaBHeiinmx, TiepBooqepe,D,HbIX 3a,n.aq q>II31IKII TOTI-KBapKa 

- 3TO Tipeu113IIOHHOe OTipe,n.eneH11e ero Macchi. C ,n.pyroii CTOpOHhI, Heo6xo,n.11Mo 6hITh 

yBepeHHbIM B TOM, qTO 3ap.H)]. qacTHQbl, 06na,n.a10meii Maccoii TOTI-KBapKa, COOTBeT

C~ByeT 02K11,n.aeM0My 3ap.H,n.y TOTI-KBapKa B CTaH,n.apTHOii Mo,n.en11 (T.e. paBeH 2(3 
3ap.H,n.a TipOTOHa). TaKa.H IIHq>OpMaQII.H 6y,n.eT Ba2KHOii II He3aBIICIIMOii TipOBepKoii 

CTaH,n.apTIIOii Mo,n.en11. 

KpoMe 60JibIIIOii MaCCbI, TOTI-KBapK eme .HBJI.HeTC.H oqeHb KOpOTK02KIIBYIUIIM ( 'l't ~ 
1 /f1 ~ 0.5 X 10-24 C) II, B OTJI1Iq11e OT ,n.pyr11x KBapKOB, paCTia,n.aeTC.H HaCTOJibKO 6hICT

po, qTo He ycTieBaeT a,n.poHII30BaTbC.H. Ilo KpaiiHeii Mepe, eme He 3aper11cTp11poBaHo 

HIIKaKIIX a,n.poHOB IIJIII CB.H3aHHbIX a,n.pOHHbIX COCTO.HHIIii, co,n.ep2Kam11x TOTI-KBapK. 

IloCKOJibKY cymecTBYIOT CB.H3aHHbie COCTO.HHII.H (Me30HbI) BCex ,n.pyrnx KBapKOB, TO 

BTIOJIHe ecTeCTBeHHO 02KII)].aTh, qTo II TOTI-KBapK IIMeeT CBOe CB.H3aHHOe COCTO.HHIIe, 

KOTOpoe TIOKa He 06Hapy2KeHO. CymecTByeT HeCKOJibKO TeopeT11qeCKIIX MO,n.eneii, 

Tipe,n.cKa3hrna10m11x cymecTBOBaHne ,n.ocTaToqHo T.H2KeJibIX pe3oHaHcoB, pacTia,n.a10-

m11xc.H Ha tt-Tiapy. 

OTKpbITne CyTiepcnMMeTp11qHhIX TiapTHepoB H3BeCTHhIX qacTHU (SUSY qacTIII.{) 

II 6o30Ha( OB) XIIrrca .HBJI.HeTC.H O)].HOii II3 I.{eJieii )].JI.H COBpeMeHHOii 3KCTiepIIMeHTa.Jlb

HOii q>ll3llKll qaCTlll.{. BoT TioqeMy Heo6xo,n.HMO TipOBeCTII oqeHb aKKypaTHbie llCCJie

)].OBaHII.H TIO TIOIICKY KaKnx-nn6o (nnII Bcex) CIIrHaTyp SUSY qacTIII.{, qTo TI03BOJIIIT 

,n.eiicTBIITeJibHO ,n.oKa3aTh OTKpbITIIe CyTiepcnMMeTpIIn. MIIHIIMa.JihHhiii BapIIaHT Cy-

t TiepcIIMMeTpnII B paMKax CTaH,n.apTHOii Mo,n.enII (MSSM) c YHIIBepca.JibHhIM M.HrKIIM 

napyIIIeHIIeM cyTiepcIIMMeTplIII BnecenHhIM cyrreprpaBIITal.{11eii (mSUGRA) 11MeeT 

MIIHIIMa.JlbHbIH na6op CB060,D,HbIX TiapaMeTpOB: mo, m1;2, signµ, Ao, tan/3 = V2/V1. 
BbIJia Tipe,n.JI02KeHa HOBa.H o6JiaCTb TiapaMeTpOB mo II m1;2, MOTIIBIIpOBanna.H pe-

3YJihTaTaMII 3KCTiepIIMenTa EGRET, c ,n.oBOJihHO 6onhIIIHM 3Jiaqen11eM TiapaMeTpa 

CKa.JI.Hpnoii MaCCbl mo II OTHOCIITeJibHO Ma.JieHbKIIM 3naqe1rneM TiapaMeTpa MaCCbl 

¢epM11onoB m1; 2• B ,n.annoM cnyqae ceoiicTBa LSP (nerqaiimeii cyTiepcIIMMeTpIIq

noii qacTIII.{bI) cornacyIOTC.H C na6n10,n.aeMoii TIJIOTHOCTbIO peJIIIKTOBOrO ll3Jiyqenn.H, 

T.e. LSP M02KeT .HBJI.HThC.H xopoIIIIIM Kan,n.II,n.aTOM qacTIII.{hI xono,n.noii TeMnoii MaTe

pIIII. B EGRET 06nacT11, LSP M02KeT ecTecTBeHnhIM o6pa30M ofrh.HCHIITh n36bITOK 

,rr.IIq>q>y3IIOHHhIX ra.JiaKTIIqecK11x raMMa-113ny-qen11ii. Bonee Toro, Macca LSP TI0,n.xo

,n.11T )].JI.H oimcanII.H ,n.annbIX II3Mepemrn ro,n.oBoii M0,D,yJI.HI.{1111 3KCTiep11MeHTa DAMA 

TIO Tip.HMOMY na6n10,n.en1110 TeMnoii MaTepn11. 

MnorIIe q>II311qecKIIe 11ccne,n.0BaHII.H na ycTaHOBKe ATJIAC Tipe,n.Tionara10T, qTo B 

TipOI.{eccax 6y,n.yT TIPIICYTCTBOBaTb a,n.poHHbie CTpyII, a TaK2Ke 6y,n.yT o6pa30BbIBaTb

C.H 'laCTlll.{bI, TipIIBO)]..HJUIIe K 3HaqnTeJihHOii TIOTep.HHHOii TIOTiepeqnoii 3Hepr1111 ( neii

TplIHO, neiiTpa.JIIIHO II T.TI. ). ,lJ,JI.H ana.JIII3a TIO,D,06HbIX ,n.aHHbIX neo6xo,n.11MO II3yqIITb 

q>yHKUIIII 0TKJIIIKa II 3HepreT11qecKoro pa3peIIIeHII.H Ka.JIOpIIMeTpOB )].JI.H pa3JIIIqHbIX 

TIITIOB qaCTlll.{ B TIIHpOKOM ,n.11aTia3one 3Hepr11ii. 

06'1e,D;IIHeIIHI,III lIHCTiiTJT I 
)rp;epmrx nccrrep;0Bam1f1j! 

BHBJII10TEKA 



UeJih pa6oThr. O,1.1,Hoii II3 u.eJieii HacTomu.eii pa6oThr HBmieTCH 0IWHKa B03M0)KH0CTII 

B0CCTaH0BJieHIIH co6hITIIH HeK0T0pbIX 3cpcpeKTOB HOB0H (pII3IIKII Ha 3KCnepm,1eHTe 

ATJIAC: 

:. ITpoBepKa rIIn0Te3hI 06 3K30TIP-IeCK0M KBapKe C 3JieKTpIPieCKIIM 3apH,1],0M -4e/3. 

• Ou.eHKa B03M0)KII0CTII n0IICKa T0n-aIITIIT0n pe30HaHC0B, K0r,1.1,a 0,1.1,IIH II3 T0n

KBapK0B ,1.1,0JI)KeH IIMeTh 0TH0CIITeJihH0 BhICOKIIH nonepeqHbIH IIMnyJihC. 

• Ha6JII0,1.1,emre SUSY-no,1.1,06nbrx co6brnrii B pacna,1.1,e rJIIOIIHH0ii. napbI B EGRET

o6JiaCTH. 

,ll;pyroii u.eJihIO HBJIHeTCH onpe,1.1,eJieHIIe <PYHKil,HII 0TKJIHKa II 3HepreTnqecKoro 

pa3perneHIIH a,1.1,poHHoro KaJiopnMeTpa ycTaH0BKII ATJIAC Ha nnonhr B ,1.1,anHhIX Te

CTIIpoBaHIIH Ha nyqKe B 2004 ro,1.1,y. KpoMe Toro, npoBe,1.1,eHo cpamremie 3KcnepnMen

TaJihHhIX ,1.1,aHHhIX C ,1.1,aHHhIMH MOIITe-KapJIO M0).l,eJIIIp0BaHIIH. 

HayqnaH H0BH3Ha H npaKTnqecKaH u.eHH0CTb. Ou.eHeHa B03M0)KH0CTh B0CCTaH0BJie

HHH 3HaKa 3apH,1],a T0n-KBapKa MeT0,1.1,0M noJiyJienT0HH0r0 pacna,1.1,a B-Me30Ha Ha OC
HOBe noJIHoro MoHTe-KapJio Mo,1.1,eJIIIpoBaHIIH ycTaH0BKII ATJIAC. 

Ou.eHeHa B03M0)KH0CTh B0CCTaH0BJiemrn T0n-aHTHT0n pe30HaHC0B Ha ycTaH0BKe 

ATJIAC. ITpe,1.1,JIO)KeH II onpo6oBan ,1.1,onoJIHIITeJihHhrii KpnTepIIii. Ha BeJIIrqIIHY none~ 

peqHoro HMnyJihCa 0,1.1,Horo H3 B0CCTaH0BJieHIIbIX T0n-KBapK0B. BhIJia pa3pa6oTami 

MeT0,1.1,HKa onpe,1.1,eJieHHH BeJIHqIIHhI 3T0r0 KpIITepHH. Ha 0CH0Be noJiyqeHHhIX ,1.1,an

HhIX ou.eHeH0 MIIIIIIMaJibH0e ceqeHIIe, neo6xo,1.1,IIMOe ,1.1,JIH o6Hapy)KeHIIH T0n-aHTIIT0n 

pe3onaHcoB B ,1.1,IIana3one rrnBapIIaHTHhrx Mace· OT 0. 7 ,1.1,0 3 T3B. 

BnepBbre Ha ycTanoBKe ATJIAC 6bIJia IICCJie,1.1,oBaHa B03M0)KH0CTh perIICTpall,IIH 

SUSY-no,1.1,06HhIX co6bITIIii B npe,1.1,JI0)KeHH0ii. EGRET-o6JiaCTH B paMKax mSUGRA 

~10,1.1,eJIII. Ha nepB0M 3Tane IICCJie,1.1,oBairnii. paccMaTpIIBaJicH ",1.1,nJienTOHHhiii.", a 3aTeM 

II "JienTOH-CTpyii.Hbrii." KaHaJihI pacna,1.1,a napbI rJIIOIIH0, o6pa30BaBlIIIIXCH B rJIIO0H

rJIIO0HH0M CJIIIHHIIII. BoJiee Toro, ou.eHeHa B03M0)KH0CTh pa3,1.1,eJieHIIH pa3JIHqHhIX 

3HaqenIIiI napaMeTpa mSUGRA Mo,1.1,eJIH m1; 2. 

. BhIJI npoBe).l,eH anaJIII3 ,1.1,aHHhIX TeCTIIp0BaHIIH cerMeIITa u.eIITpaJibH0ii qacTII ycTa

H0BKII ATJIAC. l13MepHJIIICh cpyHKil,IIII 0TKJIIIKa II 3HepreTIIqecKoro pa3perneHII£ 

a,1.1,ponnoro KaJI0pIIMeTpa irn IIJIOHhr B mITepBaJie 3Hepruii OT 20 ,1.1,0 350 f3B. BhIJIII 

npiiMeHeHhI nonpaBKII na HaJIIIqIIe npoT0H0B B nyqKe, npo,1.1,0JihIIYIO II nonepeqnyio 

yTeqKy 3HeprIIII Ha <PYHKil,HII 0TKJIIIKa II 3IIepreTnqecKoro pa3perneHIIH KaJIOpIIMeT

pa. C noM0IIJ,hIO Cll,IIHTHJIJIHT0pa SCl, pacnoJio)KenHoro Me)K,1.1,y 3JieKTpOMarHHTHhIM 

II a,1.1,p0HHhIM KaJI0pIIMeTpaMH, ,1.1,eTaJihH0 IICCJie,1.1,0BaH0 BJIIIHHIIe 3HepreTnqeCKHX no

Tepb B naCCIIBH0M Bern,eCTBe Me)K,1.1,y 3JieKTp0MarHIITHhIM H a,1.1,p0HHbIM KaJIOpII1'.1eTpa

MII Ha cpyHKil,IIH 0TKJIIIKa II 3HepreTIIqecKoro pa3perneHIIH a,1.1,p01rnoro KaJiopIIMeTpa . 

TaK)Ke IICCJie,1.1,oBaH0 BJIIIHHIIe KpIITepIIH na MIIHIIMaJihHble II0HH3all,H0HHhie noTepII 

B 3JieKTpOJl,IarIIIITH0M KaJI0pm,rnTpe Ha <PYHKil,IIII 0TKJIIIKa II 3HepreTnqecKoro pa3-

perneHIIH a,1.1,pommro KaJiopnMeTpa. 

IToJio)Kemrn BhIH0CIIMhie Ha 3arn,nTy: 

1. Pe3yJihTaTbI IICCJie,1.1,oBannii. no ou.eHKe B03M0)KH0CTII B0CCTaH0BJieHIIH 3HaKa 3a

pH,1.1,a T0n-KBapKa MeT0).l,0M noJiyJienT0HIIoro pacna,1.1,a B-Me30Ha. 
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2. Pe3JJihTaThI HCCJ!~,1.1,0Bamrn B03M0)KH0CTII penrcTpau.mr T0n-aHTIIT0n pe30Han

ca B lIIIIp0K0M mITepnaJie ero B03M0)KH0ii. IIHBapIIaHTIIOH MaCChI. 

3. Pe3JJihTaThI npoBe,1.1,eHHhIX uccJie,1.1,oBamrii. no B03M0)KH0CTII na6JII0,1.1,emrn SUSY

no,1.1,06HhIX co6hrTIIii. n EGRET-06Jiacn1 n paMKax mSUGRA Mo,1.1,eJIIr. 

4. Pe3JJibTaThI II3MepeHIIH <PYHKil,IIH 0TKJIIIKa II 3HepreTnqecKoro pa3pernemrn a,1.1,

pomroro KaJI0pI!MeTpa na ,1.1,aHHhIX TeCTnpoBamrn na nII0HHhIX nyqKax C 3Hep

rIIHMII OT 20 ,1.1,0 350 f3B II cpanHeHHe C pe3JJihTaTal\rn aHaJIII3a ,1.1,aHHbIX M0,1.1,e

JII!p0BaHIIH MmITe-KapJio. 

Anpo6au.1rn pa6oThI II ny6JinKau.mr. OcHOBHhre pe3yJihTaThI pa60ThI ,1.1,oKJia,1.1,hmaJIIICh 

Ha HayqnhIX ceMIIHapax Jia6opaTOpIIII 51,1.1,epHbIX I1po6JieM Ofrhe).l,IIHerrnoro l1HCTII

TyTa 51,1.1,epnhrx lkcJie,1.1,oBarrnii. ( JI51IT 0115111), peryJIHpHhIX C0Bern,amrnx q>II3IIqe

CKnx rpynu KOJIJia6opar~nII ATJIAC. Orry6JIIIKOBanhr B BII,1.1,e )KJpHaJihHhIX CTaTeii. 

n m,1.1,aHIIii. UEPH II 0115111. TaK)Ke aBT0poM 6hIJI c,1.1,eJian ,1.1,oKJia,1.1, OT KOJIJia6opa

U.IIII ATJIAC na KOHq>epeHil,IIII uo cpII3IIKe BhIC0Knx 3neprIIii B 51JITe B 2008 ro,1.1,y 

(Crimea-2008) Ha TeMy "ITepBhre pe3yJihTaThI na 3KcnepIIMeIITe ATJIAC". B ,1.1,IIccep

Tall,IIII 0606rn,errn pe3JJihTaThI pa6oT, BhilI0JIHeHHhIX aBT0p0M B 2004-2008 rr. B JI51IT 

0115111 II B EBpoueii.CKOM UeHTpe 51,1.1,epHhIX l1ccJie,1.1,0Bamrii. (UEPH). CrrncoK pa60T, 

co,1.1,ep)KaIIJ,IIX 0CH0BHhie pe3JJihTaThI ,1.1,IICCepTall,IIII, npIIBe,1.1,en B K0Hil,e aBTOpecpepaTa. 

CTpJKTypa II 06'beM ,1.1,IICCepTau.nn. ,ll;nccepTall,IIH o6'beMOM 117 CTpaHIII~ C0CT0IIT II3 

BBe,1.1,emrn, I!HTII rJiaB II 3aKJIIOqeHIIH. Co,1.1,ep)KIIT 26 Ta6JIIIU., 57 pIICJHK0B II CIIIIC0K 

Il,lITIIpyeMoii. JIIITepaTyphI H3 82 CChIJI0K. 

Co,1.1,ep)Kanne ,1.1,nccepTau.un 

Bo BBe,1.1,eHIIII noKa3aHa Ba)KH0CTh II aKTyaJihH0CTh pa60ThI, ccpopMyJIIIPOBaHbI ee u.e

JIII, rrepeqIIcJieHbI BbIH0CIIMhie na 3aIIJ,IITY pe3JJibTaThI, rro,1.1,•1epKHJTbI IIX H0BII3Ha II 

npaKTIIqecKaH u.eHH0CTh. 

B rrepB~ii. rJiaBe rrpIIB0,1.1,IITCH 0IIIICaHne 3KcrrepnMeHTaJihH0ii. ycTaH0BKII ATJIAC. 9Kc

nepnMeHTaJibHaH ycTaH0BKa ATLAS IIMeeT Il,IIJIIIH,1.1,pnqecKyIO cpopMy c ,1.1,IIaMeTp0M 

25 MeTp0B n ,1.1,JIIIHIIOH 44 MeTpa (cM. Puc. 1). O6rn,aH Macca ycTaH0BKII 0K0JI0 7000 

T0HH. OcHOBHaH Macca ( ~ 4000 TOIIII) npIIX0,1.1,IITCH Ha CIICTeMy 3JieKTp0Marmrnroro 

II a,1.1,p0HH0ro KaJI0pIIMeTp0B. ,li;eTeKTOp M0)KeT 6bITb pa3,1.1,eJieH Ha qeThipe 0CH0B

Hhie II0,1.1,CIICTeMbI (B lI0pH,1.1,Ke y,1.1,aJiemrn OT BeprnIIHhI B3aIIM0,1.1,eii.CTBIIH nepBIIqHhIX 

rrp0T0H0B: BHJTpe1rnnii. ,1.1,eTeKT0p (TpeKOBhrii.), 3JieKTpOMarHIITHhIH KaJI0pIIMeTp, a,1.1,

pOHHhIH KaJiopnMeTp II MIO0HHhiii. ,1.1,eTeKT0p. ,li;JIH Toro, qTo6br MaKCIIMaJihH0 T0qno 

onpe,1.1,eJIHTh II0TepHHIIJIO nouepeqHyIO 3HeprnIO, 3JieKTp0MarHIITHhIH II a,1.1,p0HHhIH 

KaJI0pnMeTpbI 06ecrreq1rnaIOT II0KpbITIIe o6JiaCTII coy,1.1,apeHIIH rryqK0B ycK0pIITeJIH 

uo a3IIMyTaJihII0MY yrJiy </> = 2rc n 171 I < 4.9 (71 = -lntan( 0 /2)) rro rroJIHpHoMy yrJiy. 
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40 M 

25 M 

MBl"HKlbl nonynpoBOAHMKOBblM tpeKep 

PHc. 1: YcTaHOBKa AT.JIAC. 

BHyTpeHHHii ,n;eTeKTOp (Inner Detector, ID) pacrroJIO,KeHHhrii B coJieHoH,n;e c Mar

HHTHhIM IIOJieM 2 TecJia HMeeT ,Il,JIHHY 7 MeTpOB H pa,n;nyc 1.15 MeTpOB. OcHOBHbIMH 

3a,n;a'IaMII BHJTpeHHero ,n;eTeKTOpa .HBJI.HIOTC.H -BOCCTaHOBJieHHe BeprrrnH B3am.m,n;eii

CTBH.H H pacrra,n;a 'IaCTHIJ;, H3MepeHHe IIMIIJJibCOB 'IaCTIIIJ; II 11,n;e1IT11cp11Kau;11.H 3JieK

TpOHOB. TpeKoBa.H c11cTeMa 3KcrrepHMeHTa ATLAS cocTOIIT 113 Tpex rroMeTeKTopoB 

( B rrop.H,n;Ke y,n;aJieHII.H OT BepIIIIIHbI B3aIIMO,Il,eiiCTBII.H rrepBII'IHbIX rrpOTOHOB): KpeM

HIIeBblli IIIIKCeJibHhiii ,n;eTeKTOp, KpeMHIIeBblli CTpIIIIOBhiii ,n;eTeKTOp II ,n;eTeKTOp rre

pexo,n;Horo II3JIJ'IeHII.H. 

9JieKTpOMarHIITHhiii )KII,Il,KOaproHHhiii (LAr) KaJiop11MeTp IIMeeT IJ;IIJIHH,Il,pII'Ie

CKJIO cpopMy c BHerrrHIIM pa,n;nycoM 2.23 M (24Xo = 1.2A, r,n;eXo - 11 A - pa,n;11au;11011-

Ha.H ,Il,JIIIHa II ,Il,JIIIHa B3aIIMO,Il,eiiCTBII.H, COOTBeTCTBeIIHO) II ,Il,JIIIHOii 12.3 M. BJiaro,n;ap.H 

BbICOKOii CTerreHII rpauyJI.HIJ;IIII KaJiop11MeTp IIMeeT O'IeHh xoporrr11e 3HepreTII'IeCKOe II 

IIpOCTpaHCTBeHHOe (B IIJIOCKOCTII lJ X </>) pa3perrremrn. IJ:eHTpaJibHa.H (barrel) II TOp

u;eBbie (end-cap) 'IaCTII KaJIOpIIMeTpa B CJMMe IIOKpbIBaIOT o6JiaCTb rrceB,n;06bICTpOT 

111 I < 3.2. CJIOII Ka,K,n;Oro MO,n;JJI.H KaJIOpIIMeTpa IIMeIOT cpOpMy MeXOB aKKOp,n;eoHa, 

pacrrOJIO,KeHHbIX B,Il,OJib a3IIMJTaJibHOro HarrpaBJieHII.H, C 3JieKTpo,n;aMII, COCTO.HIIJ;IIMII 

II3 Tpex Me,Il,HbIX CJIOeB rrpOJIO)KeHHbIX KaIITOHOBbIM II30JI.HTOpOM (JieHTa Ha OCHO

Be IIOJIIIaMII,Il,HOii IIJI8HKII), 11 MHOrOCJIOiiuoro rrorJIOTHTeJIR, B KOTOpOM OCHOBHbIM 

l\taTepHaJIOM .HBJI.HeTC.H CBIIHeu;. Ha o6a BHeIIIHJIX CJIO.H 3JieKTpo,n;a rro,n;aeTC.H BbICOKO

BOJibTHOe HarrpIDKeHIIe, a cpe,n;1rnii CJIOii IICIIOJib3JeTC.H ,Il,JI.H C'IlITbIBaHII.H CIIrHaJia. B 

CB060,Il,HOM rrpocTpaHCTBe Me)K,n;y BHeIIIHIIM 3JieKTpO,Il,OM II rrorJIOTIITeJieM HaXO,Il,IITC.H 

)KII,Il,Kllii aproH, KOTOpblli .HBJI.HeTC.H aKTHBHbIM Beru;ecTBOM. 

A,n;pOHHblli KaJIOpIIMeTp, COCTO.HIIJ;Hii 113 Tpex IJ;IIJIIIH,Il,pOB, IIOKpbmaeT o6JiaCTb 

IICeB,Il,06brcTpOT I 11 I < 1. 7. ,Il,JI.H 3TOii o6JiaCTII IICIIOJib30BaJIOCb IIOO'Iepe,n;Hoe pacrrono

)KeJIIIe )KeJie3HbIX II CIJ;IIHTIIJIJI.HIJ;IIOHHbIX IIJiaCTIIH. IlJiaCTIIHbI paCIIOJIO,KeHhI TaKIIM 
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o6pa30M, 'ITO IIX IIJIOCKOCTb rrapaJIJieJihHa a3HMyTaJihlIOMY narrpaBJieHHIO, rreprreu,n;u

KJJI.HpHO OCH IIJ'IKa ycKOpHTeJI.H. 9cpcpeKTIIBHa.H TOJIIIJ;HHa KaJiop11MeTpa COCTaBJI.HeT 

7.2A (r,n;e A - ,n;Jimrn B3aIIMo,n;eiicTBHR). Topu;eBaR 11 nepe,n;HR.H 'IaCTH a,n;pmrnoro 

KaJiop11MeTpa, pacnrnp.HIOIIJ;He o6JiaCTb IIOKpbITII.H ,Il,O I 11 I < 4.9' IIOMeru;eHbI B KpHO

CTaT, IIOCKOJibKY B HIIX, TaK)Ke KaK II B 3JieKTpOMarHIITHOM KaJIOpIIMeTpe, B Ka'IeCTBe 

aKTHBHOrO Beru;eCTBa HCIIOJib30BaJIC.H )KII,Il,Kllii apron. B a,n;pOIIHOM Topu;eBOM KaJIO

PIIMeTpe B Ka'IeCTBe norJIOTIITeJI.H IICIIOJib3JeTC.H Me,Il,h. B nepe,n;neM KaJIOpHMeTpe, 

COCTO.HIIJ;eM 113 Tpex CJIOeB, B Ka'IeCTBe IIOrJIOTIITeJI.H B nepBOM CJIOe HCIIOJib3JeTC.H 

Me,Il,b, a noc.lie,IJ,HIIX ,Il,BJX - BOJibcppaM. 

Pa3Mephr Mroounoro crreKTpoMeTpa onpe,n;eJI.HIOT pa3Mepbr Bceii ycTanoBKII AT

JIAC. On cocTonT 113 Topon,n;aJihHOii Marn11Tnoii c11cTeMhI 11 KaMep Mo11HTopupyeMhrx 

,l],peiicpoBbIX Tpy6oK (Monitored Drift Tube, MDT), II03BOJI.HIOIIJ;IIX II3MepIITh KpII

BH3ny TpaeKTOpHII MIOOHa C O'IeHb BbICOKIIM pa3perrrenneM, H IlJIOCKHX Pe3IICTIIB

HbIX KaMep (Resistive Plate Chambers, RPC), ncnoJih3yeMbIX B Ka•recTBe Tpnrrepa. 

B Topu;eBOii 'IaCTII B Ka'IeCTBe Tp11rrepa HCIIOJib3JIOTC.H TonK03a30pHbIC fa30Bbre 

KaMephr (Thin Gap Chambers, TGC). IIepe,IJ,11.H.H 'IaCTh, BMecTO MOHIITopnpyeMhrx 

,n;peiicpoBhrx Tpy6oK, ocHaru;ena KaTo,n;no-CTpnnoBhIMII KaMepaMn (Cathode Strip 

Chambers, CSC), 'IT06hr o6ecrreqnnaTb 6oJiee BhrcoKyro cKopoCTh C'IeTa. MarnnT

na.H CHCTeMa MIOOHHOro cneKTpOMeTpa, COCTO.HIIJ;a.H II3 BOCbMH TOpOII,IJ,aJibllbIX Mar

HIITOB, C03,IJ,aeT noJie OKOJIO 4 T. ,II,ocTOHHCTBOM cneKTpOMeTpa .HBJI.HeTC.H TO, 'ITO 

OH cnoco6eH II3MepIITb HMnJJibC MIOOHa C 3Heprneii 1 T3B C pa3perrrenneM 10%. 
Bo BTOpoii rJiaBe npHBC,IJ,eHbI pe3JJibTaTbI IICCJie,IJ,OBannii no onpe,IJ,eJie!IHIO 3HaKa 3a

p.H,IJ,a TOn-KBapKa na ,n;annhrx MO,IJ,eJinpoBan11.H ycTanonKH AT.JIAC. KpoMe Toro, o,n;

noii 113 u;eJieii 3TOro HCCJie,IJ,OBaHII.H 6bIJIO paCCMOTpenne r11n0Te3hl cyru;ecTBOBaHH.H 

"3K30TH'IeCKOro" T.H,KeJioro KBapKa C 3ap.H,Il,OM He paBHbIM 3apR,n;y TOn-KBapKa (Q =/
+2/3). IIocKOJihKY B 3KCnepnMeHTe CDF n D0 BOCCTanaBJIHBaJiaCb TOJihKO 11nBa

p11anTna.H Macca TOn-KBapKa no npo,n;yKTaM ero pacna,n;a, TO MO,KHO C,IJ,eJiaTh npe,IJ,

noJIO,KeHne, 'ITO cyru;ecTByeT "3K30TII'IeCKIIii" T.H)KeJihiii KBapK, KOTOpbiii OTJIH'IaeTC.H 

OT CM Ton-KBapKa TOJihKO 3ap.H,Il,OM, T.e. Qexotic = -4/3. Onpe,n;eJien11e 3HaKa 3ap.H,IJ,a 

TOn-KBapKa, onncannoe B ,Il,HCCepTaIJ;IIH, OCHOBano na BOCCTaHOBJienmI 3HaKa 3ap.H,IJ,OB 

npO,n;JKTOB pacna,n;a TOn-KBapKa. IIocKOJibKY OCHOBHbIM (62:J"Iee 99% BepO.HTHOCTH) 

KaHaJIOM pacna,n;a TOn-KnapKa .HBJI.HeTC.H t - w+b (t - w-b), TO ,Il,JI.H onpe,IJ,eJieHII.H 

3HaKa 3ap.H,IJ,a Ton-KBapKa neo6xo,n;nMo H3MepnTh 3ap.H,IJ,hI W-603ona 11 b-KBapKa. B 

TO BpeM.H KaK 3ap.H,IJ, W-6030Ha MO,KeT 6bITb onpe,IJ,eJieH nocpe,IJ,CTBOM ero JienTOH

noro pacna,n;a, 3ap.H,Il, b-KBapKa ne MO,KeT 6bITb H3Mepen nanp.HMJIO nOCKOJibKY OH 

06pa3yeT a,IJ,pO!IbI. B ,Il,HCCepTau;11n paCCMOTpen O,Il,HH 113 ,IJ,BYX OCHOBHbIX cnoco6on 

orrpe,n;eJien11.H 3ap.H,IJ,a b-KBapKa: 

• MeTO,Il, "noJiyJienTonnoro pacna,n;a B-Me3oua" ocnoBan na onpe,n;eJienHII 3HaKa 

3apR,IJ,a b-cTpyn, o6pa3oBaHnoii b-KBapKOM, nocpe,IJ,CTBOM onpe,n;eJiemrn 3apR,IJ,a 

HeH30JIHpOBannoro JienTona (npo,n;yKT pacna,n;a B-Me3ona) BHYTPH 3TOii CTpyn: 

b-. c,u+l- +v b -. c, ii+ t+ + V. 
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T.e. B b-cTpye, IIHIIIJ,IrnpoBaHH0ii b-KBapKoM, ,11,0JDKHhI npIIcyTCTB0BaTb 0TPIIIJ,a

TeJibH0 3apmKeHHbie JieIIT0HbI, a B b-cTpye IIHIIIJ,IIIIp0Bannoii b-KBapKOM - Hao6o

p0T, II0JI0)KIITeJihH0 3apR)KeHHbie JieIIT0HbI. Ho Il3-3a OCIJ,IIJIJIRIJ,IIH B 0-Me30H0B B jjO~ 
Me30HhI, a TaK)Ke noJiyJienT0Hnoro pacna,11,a D-Me3ona BHYTPII b-cTpyII, B b-cTpye 

II0RBJIReTCR JieIIT0H co 3HaK0M 3apH,11,a, np0TIIB0II0JI0)KHbIM 3HaKy 3apR,11,a JieIIT0Ha 

OT pacna,11,a B-Me3ona. OcnoBnoii Mo,11,oii pacna,11,a "3K30TII'IeCKoro" TR)KeJioro KBapKa · 

RBJIReTCR pacna,11, Ha b-xBapK II w--603011, B TO BpeMR KaK T0II-KBapK pacna,11,aeTCR . 

na b-KBapK II w+ -6030H: 

t+2/3 -t b-1/3 + w+, 

,-2/3 -t b+l/3 + w-, 

Q-4/~ -t b-1/3 + w-
exo11c 

Q-H;~ - b+1/3 + w+ 
exotic 

,II:JIR Toro, 'IT06bI npoBepIITb rIIII0Te3y 06 "3K30TII'IeCKOM" KBapKe, neo6xo,11,II

M0 peIIIIITb ,11,Be OCH0BHbIX npo6JieMhI. Bo nepBbIX, naiiTII TaKoii KpnTepnii OT6opa, 

KOTOpblll 6hI II03B0JIIIJI BbI,l],eJIIITb Il30JIIIpOBaHHblll 3apR)KeHHblll JieIIT0H II b-cTpyro 

npon30IIIe,11,IIIne OT o,11,11oro n Toro )Ke TOII-KBapKa. B CTa11,11,apT11oii Mo,11,eJIII b-cTpyR, 

o6pa30BaHHaR b-KBapKOM,. ,11,0JI)KHa C00TBeTCTB0BaTb IIOJI0)KIITeJihH0 3apR)KeHH0My 

JieIITOHY (/+), B TO BpeMR KaK B CJIJ'Iae 3K30TII'IeCK0ro KBapKa, b-cTpyR ,11,0~)KHa 

C0OTBeTCTB0BaTh 0TPIII\aTeJibH0MY JieIIT0HY u-). Bo BT0pbIX, onpe,11,eJieHne 3apR,1],a 

b-CTPYII, BhI6pa1111oii B napy K 0,11,H0MY Il3 3apR)KeHHbIX Il30JIIIp0BaHHbIX JieIIT0H0B. 

,lJ;JIR IICCJie,l],OBaHIIii IlCII0Jib30BaJIIICb ,11,anHbie M0,11,em1poBaHIIR II0Jiy'IeHHbie pa6o'Ieii 

rpynnoii no q>II3IIKe TO!!-KBapKa KOJIJia6opaIJ,nII ATJIAC. ,lJ;aHHhie co,11,ep)KaT 555000 
C06bITilll ff -t w+ bW-b KaK C "JieIITOH-CTpyiiHhIM", TaK II C ",11,IIJ:IeIITOHHbIMII" Kana

JiaMII pacna,11,a (TOJibKO 3JieKTp0HbI II MIO0Hbl paCCMaTpIIBaJIIICb B KaK JieIITOHbI). 

B Ka'IeCTBe q>OHOBbIX co6hITIIii IICII0Jib30BaJIIICb ,11,aHHbie M0,11,iJIIIp0BaHIIR KOJIJia-

6opaIJ,IIeii ATJIAC npoIJ,eccoB pp -t W+a,11,poHHhie CTpyn, Wbb+a,11,po1111b1e cTpyII, 

W cc+a,11,pOHHbie CTpyn, Z+a,11,pOHHbie CTPYII, WW, zz II wz. B ,11,aHHOM aHaJIII3e IIC

II0Jib30BaJIIICb cTa11,11,apTHhie ,11,JIR 3KcnepnMeHTa ATJIAC KpIITepnn oT6opa co6hITIIii: 

"JienTOH-CTpyiiHhiii" KaHaJI pacna,11,a: 

• e,11,IIHCTBeHHblll Il30JIIIpOBaHHblll 3JieKTp0H ( MIOOH) B IIHTepBaJie IICeB,11,06hICTpOT 

l11I < 2.5 n PT> 25 f3B/c (PT> 20 f3B/c); 

• 'IeTbipe II 6oJiee a,11,poHHhIX CTpyn c l11I < 2.5 n PT> 30 f3B/c, 

• ,11,Be II 6oJiee Il3 KOT0pbIX ,11,0JI)KHbI 6bITb b-cTpyRrvrn; 

• II0TepRHHaR nonepe'InaR 3HeprIIR CBbillle 20 f3B / c; 

",l1;11JieIITOHHhiii" KaHaJI pacna,11,a: 

• ,11,Ba II30JIIIpoBaHHhIX 3JieKTpo11a ( MIOOHa) c I TJ I < 2. 5 II PT > 25 f3B / c (PT > 20 
f3B/c); 

• ,11,Be II 6oJiee b-cTpyn c l11I < 2.5 n PT> 30 f3B/c; 

• II0TepRHHaR nonepe'l:HaR 3HeprIIR CBbillle 30 f3B; 

KpoMe pacna,11,a b-KBapKa, cyIIJ,eCTBJIOT II ,11,pyrne IICT0'IHIIKII o6pa30BaHIIR 11en30-

JIIIp0Ba1111oro .,'JeIITona BHYTPII b-cTpyII. HanpnMep, 0,11,HIIM II3 KanaJIOB pacna,11,a B
Me3011a RBJIReTCR B -t D + X n B 3TOM cJiy'Iae noJiyJieIIT0HHhie pacna,11,hI D-Me30H0B 

B ,11,aJibHeiillleM TaK)Ke ,11,aIOT HeII30JIIIpOBaIIIIblll JieIITOH, 3HaK 3JieKTpII'IeCK0ro 3apR-
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,11,a KO'!'._Oporo npOTIIBOIIOJI0)KeU JieIIT0HY OT pacna,11,a B-Me30Ha. TaK)Ke, 0CIJ,IIJIJIRIJ,Illl 

B0 
- B° C IIX II0CJie,11,JIOIIl,IlM IIOJiyJieIIT0HHbIM pacna,11,oM MOryT npIIBeCTil K Henpa

BIIJibH0MY onpe,11,eJieHIIIO 3apR,11,a b-cTpyII. Ho npu 3T0M JienTOHhI OT pacna,11,oB D
Me30HOB B cpe,11,HeM Mettee 3HepreTII'IHhie, 'IeM OT npRMbIX pacna,11,oB B-Me30Ha IIO

CK0JibKY nepBbie RBJIRIOTCR np0,11,JKTaMII BTOpll'IHbIX pacna,11,oB. ,lJ;JIR Toro, 'IT06hI 

no,11,aBIITb BKJia,11, OT D-Me30HOB 6b!JI BBe,l],eH ,11,0II0JIHIITeJibHhiii KpIITepIIii Ha none

pe'l:Hblll IIMIIJJibC HeII30JIIIp0BaHH0ro JieIITOHa TIO 0TH0IIIeHIIIO K HanpaBJieHIIIO OCH 

b-cTpyn, pr;i. ,lJ;pyrIIM IICT0'IHIIK0M OllIII6KII IIpII onpe,11,eJieHIIII 3IIaKa 3apR,11,a b-cTpyII 

RBJIReTCR 11enpaBIIJihH0e BoccTanoBJieHIIe caMoii b-cTpyII, T.e. Kor,11,a a,11,po1111aR CTPYR, 

6y,11,J'III IlHilll,IIIIpOBaHHOii He b-KBapKOM, 6bIJia B0CCTaH0BJieHa KaK b-CTpyR. 

Cpe,11,HIIe 3Ha'IeHIIR 3apR,ll,OB HeII30JIIIpoBaHHbIX JieIIT0H0B: 

Q::_(+) = Q(l+)-N(l+)-Q(l-)-N(l-) =-0.32±0.05 
nonis N(/+) +N(l-) ' 

(1) 

Q::_(-) = Q(l+)-N(l+)-Q(l-)-N(l-) =0.30±0.05 
nonis N(l+) + N(l-) ' 

r,11,e ~!~Is (~~~Is) - cpe,11,rrne 3Ha'IeHIIR 3apR,1],0B HeII30JIIIp0BaHHbIX JieIITOH0B BHYTPII 

b-CTpyn aCC0IJ,IIIIp0BaHHOii C II0JI0)KIITeJihHO ( OTpIIIJ,aTeJihHO) 3apR)Kel!HbIMil Il30JIII

poBaHHbIMil JieIIT0HaMII. N(l-) - KOJIII'IeCTB0 b-CTpyii C 0TpIIIJ,aTeJibH0 3apR)KeHHbIM 

JieIIT0H0M BHYTPII, a N(l+) - K0JIII'IeCTB0 b-CTpyii C II0JI0)KIITeJibH0 3apR)KeHHbIM 

JieIITOHOM BHJTpII. Q(l+) = + 1 II Q(/-) = -1 - 3apR,1], HeII30JIIIpOBan11oro JieIIT0Ha 

BHYTPII BHYTPII b-cTpyn. C II0M0IIJ,hIO BeJIII'IIIHhI Q(/) x Q~Jn1s, r,11,e Q(/) - 3apR,11, II30-

JIIIp0BaH11oro JieIIT0Ha aCCOil,IIIIp0BaHH0ro C b-cTpyeii co,11,ep)KaIIJ,eii HeII30JIIIp0BaH-

Hhiii JieIIT0H, M0)KH0 o6'be,l],IIHIITb IIOJIJ'IeHHhie pe3JJibTaThI ,11,JIR ~!~Is (~~~Is). IIo-

c u M ::_{comb) 
JIJ'Iettnoe TaKnM o6pa30M cyMMapHoe 3Ha'IeHIIe ,11,JIR Ta11,11,apTnon 0,11,eJin Qnonis = 
-0.31 ± 0.04 II03B0JIReT C 60JibllIIIM yp0BHeM ,11,0CT0BepH0CTII pa3,11,eJIIITb 3apR,1], CM 

TOII-KBapKa OT 3apR,11,a TR)KeJioro KBapKa B paMKax "3K30TII'IeCKOii" rIIII0Te3bI y)Ke 

IIpII IIHTerpaJibHOii CBeTIIM0CTII 1 ¢6-1, IIOCK0JibKY "3K30TII'IeCKIIii" CIJ,eHapnii npe,11,-

Q::_(comb) 
II0JiaraeT np0TIIB0IIOJI0)KH0e 3Ha'IeHne nonis . 
B TpeTheii rJiaBe 0IIIICaH aHaJIIl3 no OIJ,eHKe B03M0)KH0CTII perncTpaIJ,IIII TOII-aHTIIT0II 

pe3011aHC0B na ycmnoBKe ATJIAC. 

IIpe,11,cTaBJieHbI pe3yJibTaTbI 0IJ,eHKII MIIHIIMaJibHOro Ce'IeHIIR, neo6xo,11,IIMOrO ,11,JIR 

o6napy)KeHnR tt pe3onanca (,11,JIR onpe,11,eJiennocTII 6y,11,eM o6o3Ha'IaTb ero Z') Ha 

yp0BHe 3Ha'IIIM0CTH 5CJ' C y'IeTOM q>OHa OT IIpRMOr0 p0)K,11,eHHR tt napbI. PaccMaT

pHBaJICR T0JibK0 "JieIITOH-CTpyiiHhrii" KaHaJI pacna,11,a tt-napbI. HccJie,l],OBaJIHCb Z' pe-

30HaHCbI co 3Ha'IeHHRMil Mace lvfj,en = 700, 1000, 1500,2000 II 3000 f3B/c2 II llIH

pnnaMH C0CTaBJIRIOIIJ,IIMII 2.3% 3Ha'IeHIIR MaCCbI, pacna,11,aIOIIJ,IIeCR Ha TOII-aHTHT0II 

KBapKOBJIO napy. PO)K,11,eHne pe3onanC0B paC'IHTbIBaJI0Cb 6e3 y'IeTa B03M0)KH0ii llH

Tepq>epeHIJ,llll C zO IIJIH r 6o30HaMH C II0M0IIJ,bIO renepaTOpa co6bITnii PYTHIA. <I>o

HOBbIH np0IJ,ecc npRM0ro pO)K,l],eHHR tt-napbl (pp -t ti) renepupOBaJICR C II0M0IIJ,bIO 
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rettepaTOpa MC@NLO. CTpyKTypnaH q>yHKIJ;HH npoTOHOB onwchrna.rrach q>ynKu;IIeii: 

CTEQ6. Mo,n;eJrnponattwe .n;am1hrx npono,n;IIJIOCh pa6o'Ieii: rpynnoii: no q>tt3HKe Ton

KBapKa KOJIJia6opau;wu ATJIAC. 

Tipll aHa.JIII3e llCIIOJib30Ba.JICH TOJihKO "JienTOH-CTpyii:Hbiii:" KaHa.JI pacna.n;a TOII

aHTllTOII KBapKOBOii: naphr, ,Il;JIH KOTOporo co6hITlle BhI,Il;eJIHJIOCb c nOMOIIJ;bIO KaK 

"rrpe)KHllX" KHHeMaTH'IeCKIIX KpHTepHeB: 

1. B co6hITlllI ,Il;OJI)KeH 6bITh O,Il;llH ll30JillpOBaHHhlll JieIITOH C PT > 20 r3B / C B 

1rnTepna.rre ncen.n;o6hrCTpoThI 177 I < 2.5; 

2. He.n;ocTaIOru;aH rronepequaH 3HeprHH B co6hITlllI ,Il;OJI)KHa YAOBJieTBOpHTb yc.iro

BllIO Emiss > 20 r3B· 
T ' 

3. TipllCJTCTBlle B co6hITllll 'IeThrpex llJill 6oJiee a,n;pOHHbIX CTpyii: C Er 2: 40 r3B 

B IIHTepna.rre rrceB,n;06hICTp0ThI 1111 < 2.5, ,n;Be II3 KOTOpbIX ,Il;OJI)KHbI 6brTh b
CTPYHMII, 

TaK u "HOBhIX", Mettee )KeCTKIIX ,Il;JIH a,n;pOHHhIX CTpyii: KpHTepneB OT6opa co6hITIIH: 

1. B co6brTIIH B HHTepna.rre ncen.n;o6brcTpOThI I 77 I < 2.5 ,Il;OJI)KeH 6brTh O,Il;HH II30-

JIIIponaHHhiii: 3JieKTpOH C PT > 25 r3B / C IIJIII ll30JillpOBaHHblll MIOOH C PT > 20 

r3B/c; 

2. He,n;OCTaIOrr_i;aH norrepe'IHaH 3Hepnrn B C06bITIIII ,Il;OJI)KHa J,Il;OBJieTBOpHTh JCJIO-

BIIIO Emiss > 20 r3B· . 
T ' 

3. TipllCJTCTBIIe B co6brTHII 'IeTbipex IIJIII 6oJiee a.n;poHHhIX CTpyii: C Er 2: 30 r3B 

B IIHTepna.rre rrceB,n;06hICTp0TbI 111 I < 2.5, .n;ne II3 KOTOpbIX ,Il;OJI)Kllbl 6hITb b
CTPYHMll. 

Tipu BOCCTaHOBJieHHII IIHBapuaHTHOii: MaCChI tt-napbl CHa'Ia.rra BOCCTanaBJIIIBa.JIIICh 

IIHBapnaHTHbie MaCCbI W-6030Ha ll t-KBapKa, pacnaBIIIIIXCH no a.n;poHHOMY Kaua.rry 

(t--+ Wb--+ qqb), a 3aTeM t-KnapKa, pacrranIIIerocH no JienTOHHOMY Katta.rry (t--+ Wb--+ 
lv1b). 113 .n;nyx w 6oJiee a.n;poHHhIX CTpyii:, He noccTaHOBJieHHhrx KaK b-cTpyw, Bhr6upa

Jiach Ta KOMfornar_i;IIH ABYX CTpyii:, llHBapttaHTHaH Macca KOTOpoii: 6JIH)Ke BCero K reue

pHpOBaHHOMY 3Ha'IeHIIIO MaCChI W-6o3otta (Mf;PG = 80.4 r3B/c
2
). lfro6hr noccTano

BHTh a.n;poHHblll TOII-KBapK Heo6xo,n;IIMO Bbr6paTh KOM6mrar_i;IIIO a,n;pOHHOrO W-603011a 

u o.n;ttoii: H3 .n;nyx b-cTpyii:. BhIJIO paccMoTpetto TpH crroco6a Bhr6opa TaKoii: KOM6wtta

u;uw: KOMfornau;nH, ,n;aIOru;aH HaII60JibIIIIIii: nonepe'IHblll llMIIJJibC BOCCTaHOBJiemIOrO 

TOII-KBapKa; KOM6Httau;1rn C Hatt6JIII)KallIIIIIM 3Ha'IeHHeM UHBapuaHTHOii: !viaCChI K re

HepnpoBaHHOMY 3Ha'IeHIIIO MaCChI t-KBapKa (Mf?,~" = 175 r3B/c
2
); KOMfornau;rrn HaII-

6JIII)KallIIIIIX .n;pyr K .n;pyry W-6o3otta II b-cTpyn B nJIOCKOCTH ( 77 x cf>). Ha PIIc. 2a 

noKa3aHa 3aBHCIIMOCTb BOCCTaUOBJieHHOll IIHBapIIaHTHOii: lvtaCCbI a,n;pOHHOro t-KBapKa 

Tpeivrn cnoco6aMII nocJie "npe)KHIIX" ll "HOBbIX" KpIITepneB OT6opa co6bITIIii: ,Il;JIH pa3-

HblX Mace Z' 6030Ha (AJIH o603Ha'IeUH5I BOCCTaHOBJieHHbIX Mace t-KBapKa B q>OHO

BbIX co6bITllll IICnOJib30Ba.JIOCb 3Ha'IeHIIe MaCChl tt-pe30Hattca 350 r3B/c
2
). Mo)KHO 
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TaK)Ke yneJIII'IIITb 3q>q>eKTllBHOCTb BOCCTaHOBJieHHH a,n;pOHHOro TOII-KBapKa HaKJia

,Il;hIBaH .n;orroJIHIITeJihHOe ycJIOBIIe Ha Macey a.n;ponnoro W-6o3otta, IMjj - 80.41 < 30 
r3B/c2 (cM PIIc. 26). 

TiocKOJihKY, B cpe,n;HeM, 3Ha'IeHII5I BOCCTaHOBJiennoii: MaCCbI a,n;pOHHOro TOII-KBapKa 

rrocJie "rrpe)KHIIx" KpIITepIIeB OT6opa II 6e3 Tpe6onaHHH, 'IT06hr IMjj - 80.41 < 30 
r3B / c2 , 6JIII)Ke K M[t,~n = 175 r3B / c2 , TO 3TOT CIIOC06 BOCCTaHOBJieHIIH II 6brJI BhI-

6paH AJIH ,n;a.rrhtteii:IIIero atta.JIII3a. 

CJie.n;yIOIIJ;llM IIIaroM 51:BJIHeTCH BOCCTaHOBJieHIIe JienTOHHOro t-KBapKa, HO IIOCKOJih

Ky B co6hITllll HMeeTCH llHq>OpMaIJ;HH TOJibKO O IIOTepHHHOii: nonepe'IHOii: 3HeprIIH, 

TO ,Il;JIH BOCCTaHOBJieHirn ,n;eJiaeTCH rrpe,n;rrOJIO)KeHIIe, 'ITO BCH IIOTepHHHaH 3HeprHH 

B co6hrTIIH rrpoucxo,n;IIT H3-3a tteperwcTpupyeMoro tteii:Tpuno B pacrra.n;e W-6o3otta 

(W--+ lv1 ), T.e. Etss =Pt. TaKHM o6pa3oM, peIIIaH KBa,n;paTII'IHOe ypanttettIIe Mw = 
80.4 = J(E1 + Ev,)2 - (ih + Pv,) OTHOCHTeJihHO /Jt,, noJiy'IaeM JI1160 1111 o.n;ttoro peIIIe

HIIH II TOr,n;a co6bITIIe OT6pacbrnaeTCH, JIII6o .n;na peIIIeHIIH 11 Tor.n;a Bhr6upaeTC5I Ta 

KOM6IIHaIJ;II5I JienTOHHOro W-6030Ha II BTOpoii: b-CTpyII, KOTOpaH .n;aeT HaII6JIII)Kaii:IIIee 

3Ha'IeHue llHBapuaHTHOii: MaCCbI K rettepupoBaHHOMY 3Ha'IeHIIIO. 

TaK KaK nonepe'IHhie IIMIIJJibChI TOII-KBapKOB OT pacrra.n;a tt-pe30Hattca 60JibIIIe, 

'IeM rrorrepe'IHbie IIMIIJJibCbI TOII-KBapKOB npII rrpHMOM pO)K,Il;eHIIII tt-rrapbI, TO, ,Il;JIH 

rro,n;aBJieHIIH q>otta, MO)KHO rrpm,IeHIITb ,Il;OIIOJIHIITeJibllblll KpIITepIIii: Ha rronepe'IHbiii: 

IIMIIJJihC a,n;pOHHOrO t-KBapKa, T.e. 'IT06b1 p}adr > 200,250, 300, 350 II 450 r3B/c 

,Il;JIH pe30HaHCOB C MaccaMH 700, 1000, 1500,2000 II 3000 r3B/c2 COOTBeTCTBeHHO. 

Pe3JJibTaTbl IICCJie,n;oBaHIIH II03BOJI.HIOT CKa3aTb, 'ITO rrpIIMeHeHue KpIITepII.H na IIO

rrepe'IHblll IIMnyJihC a.n;pmrnoro TOII-KBapKa nptt6JIII)KaeT BOCCTaHOBJieHHOe 3Ha'IeHIIe 

llHBapIIaHTHOii: MaCCbI Z' -6030Ha K rettepIIpOBaHHOMY 3Ha'IeHHIO II YJIY'IIIIaeT ero pa3-

peIIIeHIIe. 

Pac'!eT MIIHIIMa.JibHOro Ce'IeHII.H Heo6xo,n;IIMOro ,Il;JIH o6ttapy)KeHII5I tt-pe30HaHca B 

"JienTOH-CTpyii:HoM" Katta.rre pacrra.n;a rrpOBO,Il;IIJICH no q>opMyJie: 

<J x Br= 5. J<Jbkg • ebkg 

Esig" JI ' 
(2) 

r.n;e <Ibkg - ce'!eHIIe rrpaMoro po)K,n;eHHH tt-rraphr, L - npe.n;noJiaraeMaH IIHTerpa.rrhttaH 

CBeTIIMOCTb ycKOpHTeJIH, a ebkg II Esig - 3q>q>eKTIIBHOCTb KpIITepueB OT6opa co6br

TIIII II .n;onOJIHIITeJibHOro ycJIOBIIH na rrorrepe'IHbiii: IIMIIJJibC a,n;pOHHOro TOn-KBapKa 

B rrpe,n;eJiax ~fc ± 2 . <Jff,ec. 

Ha Puc. 3 IIOKa3aHhl MIIHIIMa.JihHhie 3Ha'IeHII5I Ce'IeHIIH (2) o6pa3oBaHII5I pe30HaH

COB, neo6xo,n;HMhie ,Il;JIH ,Il;OCTII)KeHIIH ypOBHH ,Il;OCTOBepHOCTII B 5<J, AJI.H pa3JIII'IHbIX 

3Ha'IeHIIii: rrpe.n;rroJiaraeMoii: IIHTerpa.JibHOii: CBeTIIMOCTII ycKOpIITeJIH B 3aBIICIIMOCTII 

OT MaCChI Z'-6o3otta. HanpIIMep BII,n;no, 'ITO rrpu IIHTerpa.rrbHOii: cneTIIMOCTII LHC 

300 .P!>ilPH-I MO)KHO 6y,n;eT o6ttapy)KIITh Z'-pe3oHaHc c Maccoii: 2 T3B/c2, ecJIII ero 

ce'IeHIIe pO)K,Il;eHIIH rrpeBbIIIIaeT 0.1 IIK6apu. 

. ,IJ:JIH Toro, 'IT06hI MO)KHO 6bIJIO orrpe,n;eJIIITb 6hIJia JIII a,n;pOHHaH CTPYH IIHIIIJ;II

IIpOBaua b-KBapKOM IIJIII tteT (b-T3rrIIur) tteo6xo,n;IIMO, 'IT06hr BttyTpettuuii: ,n;eTeK-
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Puc. 2: a) A,n,poHHbiii. TOII-KBapK (t-+ Wb-+ qijb) BOCCTaHOBJieHHhiii. TpeM£ cno

co6aMu IIOCJie "npe:aornx" H "HOBbIX" KpHTepneB OT6opa co6bITIIH. B 3aBHCIIMOCTII 

OT MaCCbl tt-pe30HaHca (3Haqeune MaCCbl Z' = 350 f3B/c2 COOTBeTCTByeT pe3yJih

TaTaM noJiyqeuubIM ,TI,JI£ cpoua, np£Moe pO)K,TI,eHne tt-napb1); 6) BoccTaHOBJieuua£ 

n11Bapua11T11a£ Macca a,n,pouuoro TOII-KBapKa nocJie "npe)Kunx" KpIITepneB OT6opa c 

npuMeueuneM (un)KHIIe) ,n,onoJIHHTeJihHOro ycJIOBII£ ua Macey a,n,pouuoro W-603011a 

(IMjj - 80.41 < 30 f3B/c2) n 6e3 uero (Bepxuue). 
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Pnc. 3: MnHHMaJihHOe ceqeHne o6pa3oBamrn Z'-pe3ouanca, ueo6xo,n,nMoe ,TI,JI£ ,n,ocTn

)KeHn£ ypo~H£ ,ll,OCTOBepnoCTII B 5cr B "JieIITOH-CTpyii.nm.1" KanaJie B 3aBHCIIMOCTII 

OT Macchi tt-pe3oHanca npu pa3mrqnbIX 3naqenn£x npe,n,noJiaraeMoii. nnTerpaJibnoii. 

CBeTIIMOCTII ycKopuTeJI£. 

Top ycTanoBKII ATJIAC BOCCTanaBJIIIBaJI BTopnqHbie BepllIIIHhI c BhICOKoii. Toqno

CThIO. KaK npaBUJIO, na pauneii. CTa,n,uu pa6oTbI 3KCnepnMeHTaJibHbIX ycTaHOBOK BO3-

MO)KHOCTb b-T3rruura npaKTJiqeCKII OTCYTCTByeT, HO npn 3TOM cyII.1,eCTByeT BO3MO)K

HOCTb BOCCTanaBJinBaTb caMn a,n,ponnhre CTpyu. EcTeCTBeuuo, qTo KpuTepnn oT6opa 

"JieIITOH-CTpyii.noro" co6bITII£ II3MeH£TC£: 

1. B co6bITIIH ,l),OJI)KeH 6bITb O,ll,IIH II30JIIIpOBaHHbIH. JieIITOH C PT > 20 f3B / C B 

nnTepBaJie nceB,n,o6brcTpoTbI 111 I < 2.5; 

2. He,n,ocTaiciII.1,a£ IIOIIepeqna£ 3Heprn£ B co6hITIIII ,l),OJI)KHa y,TI,OBJieTBOp£Tb ycJIO
BIIIO £miss > 20 f3B· T , 

3. flpncyTCTBne B co6bITIUI qeTbipex a,n,poHHbIX CTpyii. c MaKCIIMaJibHOH. IIOIIepeq

HOH. 3Heprneii. n Er 2 40 f3B B nuTepBaJie nceB,n,o6hrCTpoTbI 1111 < 2.5. 

JleIITOHHbIH. W-6030H B 3TOM CJiyqae BOCCTaHaBJIHBaeTC£ OIIIICaHHbIM Bbillle CIIO

co6oM. ITocJie 3Toro, ,TI,JI£ Toro, qT06bI BOCCTaHOBIITb JieIITOHHbIH. t-KBapK II a,n,poH

Hbie W-603011 H t-KBapK HY)KIIO BbI6paTh KOM6uHaIIHIO II3 qeTbipex a,n,ponHhIX CTpyii. 

(,n,Bena,n,JiaTh BO3MO)KHbIX KOM6IrnaJIHH.) II ,TI,BYX 3naqe1mii. Yv,· ITpaBHJibHOH. cquTa

JiaCh KOM6n11a1I1rn, ,n,a10II.1,a£ MHHHMaJihHOe 3uaqeuue ,TI,JI£ BeJiuqnnhr lx2/ndf- ll, 
r,n,e ndf = 12, a x2 Bb{qJICJI£JIOCb c IIOMOIIIbIO CJie,TI,yIOII.1,ero Bbipa)KeHII£: 

2= (mlvja-Mfo~n) 2 + (mjbMd-Mfo~n)2 + (mjbjc-Mften) 2 

x (r:~~')2 (r7g;)2 (r7vd)2 
(3) 

MuHUMaJibHOe ceqenue pO)K,l),eHII£ tt-pe3onanca paccqnTaHHOe C IIOMOIIl,bIO BbI

pa)KeJIU£ (2) B 3aBUCHMOCTH OT MaCCbI pe3onanca npn pa3JillqHbIX 3naqenn£X npe,n,

IIOJiaraeMOH. HHTerpaJibHOH. CBeTUMOCTII ycKopnTeJI£ npnBe,n,eno Ha Puc 4. 
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PIIc. 4: MnHnMaJihHOe ce'lemre o6pa3oBamrn Z'-pe3oHaHca, Heo6xo,n;nMoe ,n;Jrn ,n;ocTII

)KeHIIR ypoBHR ,Ll;OCTOBepHOCTII B 50" B "JieITTOH-CTpyiiHOM" KaHaJie B 3aBlICIIMOCTII 

OT Macchr tt-pe3ouauca ITpn pa3JIII'IHhIX 3Ha'lemrnx ITpe,n;IToJiaraeMoii rrnTerpaJihHOii: 

CBeTIIMOCTII ycKOpIITeJIR 6e3 b-T3rrIIHra. 

B 'leTBepToii rJiaBe OITncaH auaJIII3 ITO 011,eHKe B03MO)KHOCTII perIICTpall,IIII SUSY

ITo,n;o6Hhrx co6hITIIii na ycTaHOBKe ATJIAC. ,Il,JIR aHaJIII3a 6bIJia ITpe,n;Jio)KeHa mSUGRA 

MO,LJ;eJih C ITRTbIO CB060,LJ;HbIMII ITapaMeTpaMII. BbIJIII BhI6paHbI CJie,n;yIOIIl,IIe 3Ha'leHIIR 

3TIIX ITapaMeTpOB, MOTIIBIIpOBaHHbie pe3yJihTaTaMII acTpOcpII3II'leCKIIX 3KCITepIIMeH

TOB EGRET II WMAP (EGRET o6JiaCTb): 

mo= 1400 r3B, m1;2 = 180 r3B, Ao= 0, tan/3 = 50, signµ= +l. (4) 

r,n;e mo II m1;2 - 06I11,IIe MaCCOBbie ITapaMeTpbI ,LJ;JIR CKaJIRpHbIX II CIIIIHOpHbIX cy

ITepITapTHepoB B MaCIIITa6e ofrhe,LJ;IIHeHIIR, µ - ITapaMeTp CMeIIIIIBaHIIR XIIrrCOBCKIIX 

ITOJieii, Ao - ITapaMeTp MRrKoro HapyIIIeHIIR CyITepCIIMMeTpIIII II tan/3 - OTHOIIIeHIIe 

3Ha'leHIIll BaKyyMHbIX cpe,n;m1x XIIrrCOBCKIIX ITOJieii. ,Il,oITyCTIIMbie BeJIII'IIIHbI 3TIIX 

ITapaMeTpOB orpaHII'leHbI KaK TeopeTII'leCKIIMII II 3KCITepIIMeHTaJihHbIMII ,n;aHHbIMII, 

TaK II acTpocpII3II'leCKIIMII ,n;aHHhIMII 3KCITepIIMeHTa WMAP. B EGRET o6JiaCTII Jier

'laiiIIIaR cyITepcIIMMeTpII'IHaR 'laCTIIIl,a LSP RBJIReTCR cTa6IIJihHOii (6Jiaro,n;apR co

xpaHeHIIIO TaK Ha3bIBaeMoii R-'leTHOCTII) cJia6oB3aIIMo,n;eii:cTBYIOI11,eii 'laCTIIIl,eii. Ca

Moe JierKoe Heii:Tpa.JIIIHO xP RBJIReTCR KaH,LJ;II,LJ;aTOM Ha LSP. Heii:Tpamrno xP MO)KeT 

ecTeCTBeHHbIM o6pa30M ofrbRCHIITb II36bITOK ,LJ;IIcpcpy3IIOHHbIX raJiaKTII'leCKIIX raMMa

II3Jiy'leHIIll. BoJiee Toro, Macca LSP ITO,LJ;XO,LJ;IIT ,LJ;JIR OITIIcaHIIR ,n;aHHhrx IICCJie,n;oBaHIIR 

ro,n;oBoii MO,LJ;yJIRil,IIII Ha 3KCITepIIMeHTe DAMA ITO ITPRMOMY Ha6JIIO,LJ;eHIIIO TeMnoii 

MaTepIIII. 

TiapaMeTpbI (4) IICITOJib30BaJIIICb aBTOpOM B Ka'leCTBe BXO,LJ;HbIX ITapaMeTpOB ,LJ;JIR 

ITporpaMMhI ISAJET, KOTopaR pacc'IJIThIBaeT CITeKTp cyITep'IacTn11, B EGRET 06-

JiaCTII. 3aTeM, 3TOT cITeKTp Mace 6bIJI HCITOJih30BaH reHepaTopoM co6hITIIii PYTHIA 

,LJ;JIR reHepall,IIII co6hITHH. Ha ITapTOHHOM ypOBHe ITpo11,ecc pO)K,LJ;eHHe rJIIOlIHHOll ITapbI 

( ITOCpe,n;CTBOM ,Ll;OMIIHHPYIOI11,ero rJIIOOH-rJIIOOHHOrO CJIHRHIIR) II ITOCJie,LJ;yIOIIl,He pac

ITa,LJ;bI rJIIOIIHO MO)KHO ITpe,n;cTaBHTb B BII,LJ;e CJie,LJ;yIOIIl,eii 11,eITO'IKH ( ITpe,n;cTaBJieHO ,LJ;JIR 
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o,n;Horo II3 rmonno): 

gg-tg* -tgg 

1 
b+b+i~ 

1 
1-(q) +1+(q) + x?-

PaccMaTpIIBaJIHCh TPII KaHaJia pacITa,n;a rJIIOHHHOii ITapbr: 

(5) 

• ",n;ttJieITTOHHbill" Kalla.JI pacna,n;a gg-napbl co,n;ep)KIIT B KOHe'IHOM COCTORHHII 'le

Tbipe b-cTpyII, ,n;Be JieTITOHHhre naphr n ,n;Ba LSP Heii:Tpa.JIHHO iP: 

pp-t gg+X -t 4bjets +21+r +2xP +x. (6) 

• "JieITTOH-CTpyii:Hbill" Kalla.JI pacna,n;a rJIIOIIHHOH napbl co,n;ep)KHT B KOHe'IHOM co

CTORHIIII 'leTbipe b-CTPYII, o,n;ny JieITTOHHyIO napy H napy JierKHX KBapKOB: 

pp-t gg+X -t 4bjets+i+r +q(Jjets +2xP +x. (7) 

• "MYJihTIICTpyiiHhrii" Kalla.JI pacna,n;a gg-napbI co,n;ep)KHT 'leTbipe b-cTpyn, no ua 

3TOT pa3 ,LJ;Be ITapbI JierKIIX KBapKOB 6e3 KaKHX-JIH60 3apR)KeHHbIX JieTITOHOB B 

KOHe'IHOM COCTORHHII: 

pp-t gg+X -t 4bjets +2q(Jjets +2xP +x. (8) 

,Il,oITyCTIIMhI He3Ha'lnTeJihHhre OTKJionennR BeJIH'IHH SUSY napaMeTpOB m1;2 II mo 
B o6JiaCTII Bhr6paHHOii EGRET-"TO'IKII" (4). O,n;nnM H3 pe3yJihTaToB TaKnx OTKJIOHe

nnii RBJIReTCR II3MeHeHnR Maccbr SUSY 'laCTIIIl,, KpoMe Toro, ce'leHIIR c11rHaJihHhrx 

co6hITnii: (5) 3aBHCRT OT 3Tnx SUSY napaMeTpOB. TaK)Ke, 6hwn npOBe,n;eHhI HCCJie

,n;oBaHIIR ITO OITpe,n;eJieHHIO 'IYBCTBIITeJibHOCTH npo11,ecca (5) K MaCCOBOMY napaMeTpy 

m1;2- BhIJIH creuepnpoBaHbI Ha6ophr ,n;aHHhrx B EGRET o6JiaCTII (4) cooTBeTCTBY

IOIIl,IIe IIHTerpaJibHoii cBeTHMOCTII 300 cp6apH-I (3 ro,n;a pa6oTbI LHC npn BhICOKoii 

CBeTHMOCTI!) ,Ll;JIR Tpex 3Ha'leHHll ITapaMeTpa m1;2 = 170, 180 H 190 f3B. Tipn ana.JIH3e 

MO)KHO H3BJie'lb HeKOTopyro nHcpOpl\,Iall,HIO o Maccax SUSY 'laCTHil, BhI'IIICJIRR mrna

pIIaHTHhre Maccbr 'laCTIIIl, B pa3JIII'IHhIX KOM6IIHall,IIRX OT KacKa,LJ;HhIX pacna,n;oB SUSY 

'laCTJIIl, ,n;o CTa6IIJihHOii LSP. TiocTommoe HaJIII'IIIe LSP B KOHe'IHOM COCTORHIIII Kac

Ka,n;HhIX pacna,n;oB (ITpII coxpauemrn R-'leTHOCTII B SUSY) TI03BOJIReT IICITOJih30BaTh 

B aHaJIH3e ITepeMeHHYIO, COOTBeTCTBYIOIIl,yIO KIIHeMaTII'leCKOMY ITpe,n;eJiy (KOHe'IHaR 

TO'IKa). 

Pacnpe,n;eJiemrn BOCCTaHOBJieHHhrx IIHBapIIaHTHhrx Mace JieITTOHHhIX nap IIJIII a,n;

pouubrx CTpyii OT JierKIIX KBapKOB OT Tpex-'laCTII'IHbIX pacITa,n;oB i~ -t ip1+1- II 

i~ - ipqq IIMeIOT KIIHeMaTII'leCKIIe BepXHIIe npe,n;eJihI (KOHe'IHhie TO'IKII), KOTOpbre 

xapaKTepII3YIOT pa3HII11,Y Me)K,n;y MaccaMII i~ II iP. B ,LJ;aJihHeiiIIIeM 3Ta nepeMeHHaR 

KOHe'IHOH TO'IKII IICTIOJih30BaJiaCb ,LJ;JIR 011,eHKII B03M0)KH0CTII pa3,n;eJieHIIR napaMeT-
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poB m 1; 2 B EGRET 06Jiacn1. 

"JierrTOHHhiii" KaHaJI pacrra,1.1,a rm01111O !'O,1.1,ep)KIIT JieIITOHHJIO ( e IIJIII µ) rrapy II 

Lsp - 0 T 6 u expected XI . aKIIM O pa3OM, llHBapIIaHTHa}I Macca JieIITOHHOII rrapbr, mu , Bcer,1.1,a 

MeHbllle pa3HOCTII MaCC xJ II x?, 
expected < m -o - mx-o, mu - x2 1 (9) 

r,1.1,e mif - mi? - rrepeMeHHa51 KOJW'IHOll TO"'IKII. BeJIIIqIIHbI mif - mi? B EGRET 

o6JiaCTII rrpIIBe,1.1,eHu B Ta6JI. 1. 

m I /2 170 f3B 180 f3B 190 f3B 

mi~' f3B 114.5 127.1 133.9 

mi?' f3B 63.6 71.1 72.8 

mi~ - mi?' f3B 50.9 56 61.1 

Ta6Jim.1,a 1: MacCbI ,1.1,BJX JierqaiiIIIIIX HeiiTpaJIIIHO xJ, x? II IIX pa3HIII.J,a rrpII m1;2 = 
170, 180 II 190 f3B. 3HaqeHII11 rrpoqIIx EGRET rrapaMeTpOB mo, Ao, tan/3 II signµ 

B351Tbl II3 ( 4). 

B 3KCrrepIIMeIITaJibHbIX JCJIOBII51X B KoneqnoM COCTO51HIIII ",1.1,IIJienTOHHOro" KaHaJia 

pacrra,1.1,a (6) KpOMe qeTbipex b-cTpyii II 6oJiblllOii noTep51HHOll norrepeqHOii 3HeprnII 

(II3-3a ,1.1,Byx HeperncTpIIpyeMbIX i1 °), TaK)Ke 6y,n;yT cyII.J,eCTBOBaTb TPII KOM6IIHaI.J,IIII 

,1.1,BJX JieIITOHHbIX nap. '.:ho KOM6IIHaI.J,IIII II3 ,1.1,BYX 3JieKTpOHHbIX nap IIJIII ,1.1,BJX MIO

OHHbIX nap, llJlll O,1.1,HOll 3JieKTpOHHOll II O,1.1,HOll MIOOHHOll nap. B IIOCJie,1.1,HeM cJiyqae, 

Kor,1.1,a O,1.1,no II3 i2° pacrra,1.1,aeTc11 qepe3 MIOOHHJIO rrapy, a ,1.1,pyroe - qepe3 3JieKTpOH

HJIO, rrpaBIIJibHbie KOM6IIIIal.l,llII ,1.1,BYX JieIITOHOB ,1.l,JI51 BOCCTaHOBJieHII51 mu oqeBII,1.1,Hhi. 

B ,1.1,BYX rrpe,1.1,bl,Il;YII.J,IIX cJiyqa11x pacna,1.1,OB i2° rrapbI cyII.J,eCTByeT ,1.1,Be pa3JillqHbIX KOM-

6IIHaI.J,IIll ,1.l,JI51 ,1.1,BYX JieIITOHHbIX nap. KoM6IIHaI.J,II51 JieIITOHHOii rrapbI cqIITaeTC51 "IIC

TIIHHOii", eCJIIf o6a JieIITOHa 51BJI5IIOTC51 npO,Il;JKTaMII pacrra,1.1,a O,1.1,HOro II Toro )Ke i2 °' 
a "JIO)KHOii", - eCJIII ,1.1,Ba JienTOHa 51BJI51IOTC51 npO,Il;JKTaMII pacrra,1.1,oB pa3JIIIqHbIX i2°. 
9TII orrpe,1.1,eJieHII51 IICnOJib3JIOTCJf B ,1.1,aJibHeiirneM. Pacrrpe,1.1,eJieHII51 no yrJiy Me)K,Il;Y 

,1.l,BJM51 JienToHaMII, li</J / TC, ,1.1,JI11 "IICTIIHHoii" II "JIO)KHOii" KOM6IIHaI.J,IIii JienTOHHhrx nap 

6bIJIII IIOJiyqeHbI Ha ypoBHe reHepaTopa II IIOKa3aHhI Ha PIIc. 5. BII,1.1,HO, qTo 3naqeHII51 

,1.1,JI11 "IICTIIHHbIX" KOM6ImaI.J,IIii pacnpe,1.1,eJieHhI B o6JiaCTII !i</J / TC = ±0 .5, B OTJIIIqIIe OT 

"JIO)KHbIX" KOM6IIHaI.J,IIii. CJie,1.1,oBaTeJibHO, Te KOM6IIHaI.J,IIll ,1.1,BJX JienTOHHbIX nap, ,1.l,Jl51 

KOTOpbIX CJMMa (li</J1 +li</Ji) MllHIIMaJihHa, paccMaTpIIBaJIHCb KaK "IICTIIHHhie". 

Pacrrpe,1.1,eJieHI151 no IIHBapIIaHTHbIM MaccaM JieIITOHHbIX nap IIOKa3aHhI Ha PIIc. 6. 
Tio pe3JJibTaTaM npe,1.1,cTaBJieHHbIM Ha PIIc. 6 II B Ta6JI. 1 BII,1.1,HO, qTO MO)KHO rro

rrpo6oBaTb orrpe,1.1,eJIIITh 3HaqeHIIe rrapaMeTpa m1; 2 3KcrrepIIMeHTaJihHO H3Mep1111 3na

qeHIIe rrepeMeHHOii KoneqHoii ToqKII. ,Il;JI11 Toro, qTo6hr II3BJieqh 3HaqenIIe 3Toi1 rrepe

MeHHoii, rrpaBblll q>pOHT IIOJiyqeHHbIX pacnpe,1.1,eJieHIIll 6bIJI q>HTIIpOBaH q>JHKI.J,IIeii: 

/1 (mu)= PI· (mu- Po), (10) 
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Truth_~<Pf1t between J+ and r, m
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Entries 788 

summ01 

r----------------------i Mean --0.01649 
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~ummo 
Entries 788 
Mean --0.01649 
RMS 0.8483 

-1.5 -1 -0.5 0 0.5 1 1.5 2 
/l.,p1,, between opposite charged leptons of pair 

PIIc. 5: Pacrrpe,1.1,eJieHn11 rro yrJiy li</J / TC ,1.1,JI11 "ncTHHHhrx" ( qepna11 CIIJIOIIIHa11 JIH

HII11) ll "JIO)KHbIX" (KpacHa11 IIJHKTHpHa51 JIHHII51) KOM6HHaI.J,Hii JieIITOHOB B nape rrpII 

m1;2=180 f3B. f,1.1,e li</J = <Pi - <Pi, a </J1' <Pi - a3HMJTaJibHbie yrJihI JieIITOHOB B na

pe. BH,1.1,HO, qTO 3HaqeHII51 ,1.l,JI51 "HCTHHHbIX" KOM6HHaI.J,Hii pacrrpe,1.1,eJieHhI B o6JiaCTII 

li</J /re= ±0.5, B OTJIIIqHe OT "JIO)KHbIX" KOM6IIHaI.J,Hll. TiepBbie HMeIOT BeJIHqIIHY cpe,1.1,

HeKBa,1.1,paTHqnoro OTKJIOHeHH11 (RMS, root mean square) paBHJIO 0.70, B To BpeM11 

KaK IIOCJie,1.1,HHe paBHYIO 0.85. 

r,1.1,e Po OT06pa)KaeT BeJIHqIIHY rrepeMeHHOll KOHeqHOll TOqKll ,1.l,Jl51 ,1.1,aHHOrO q>pOIITa. 

C noMOII.J,hIO Bhrpa)KeHH51 (10) rroJiyqaeM Po= 52.84± 1.38 f3B/c2 rrpu m1;2 = 170 

f3B, Po= 63.91 ± 3.35 f3B/c
2 

rrpu m1;2 = 180 f3B u Po= 65.75 ±4.2 f3B/c2 rrpu 

m1;2 = 190 f3B. KaK BH,1.1,no, rrorpernHOCTh orrpe,1.1,eJieHII11 BeJiuqIIHhr rrepeMermoii KO

HeqJioii TOqKII Po rrop11,1.1,Ka 3-6%. XOT51 ",1.1,1IJieIITOHHhlii" II 51BJI51eTC51 rrpaKTIIqeCKll 

6ecq>OHOBbIM, HO TOJibKO ",1.1,ttJienTOHHOro" KanaJia OKa3bIBaeTC51 ue,1.1,ocTaTOqHo ,1.l,Jl51 

Toro, qTo6br pa3,1.1,eJIIITh SUSY rrapaMeTphr m 1; 2 c IIOMOII.J,hIO ,1.1,aHHoro MeTo,1.1,a orrpe

,1.1,eJieHII11 BeJIIIqlIHbI rrepeMennoii KOHeqHoii TOqKll. 

~!T06br yBeJIIIqllTb TOqHOCTb MeTo,1.1,a KOHeqHoii TOqKH, 6bIJI ,1.1,06aBJieH B pacCMOT

pemre "JienToH-CTpyiiHhrii" KaHaJI pacna,1.1,a gg-rrapbr. Kpm.rn Toro, 6bIJI npIIMeHeH 

,1.1,0IIOJIHIITeJibHblll MeTO,1.1, onpe,1.1,eJieHII51 BeJIIIqIIHbI rrepeMennoii KOHeqHoii TOqKu oc

HOBaHHbill Ha TOM, qTo JieBbIH II npaBbIH q>pOHTbI B pacrrpe,1.1,eJieHirnx ITO mu 6y,n;yT 

q>IITllpOBaTbC51 q>JHKI.J,Heii faycca: 

f;( ·)-{ Po•exp(0.5-((mu-p1)/p2)2),mu<P1 
2 mu - Po·exp(0.5-((mu-p1)/p3)2),mu>p1. (11) 

<I>yHKI.J,H11 HMeeT o6II.J,IIe cpe,1.1,Hee 3Haqe1rne (rrapaMeTp pi), MaKCIIMJM (rrapaMeTp 

po), HO pa3JIHqHhre rrapaMeTphr ,1.1,IICrrepcIIII ,1.1,JI11 "JieBoro" II "rrpaBoro" pacrrpe,1.1,eJieHIIii 

faycca (rrapaMeTpbI P2 ll p3). BeJIHqHHbI rrapaMeTpOB Pl ll p3 3aBHC51T OT KHHe1mTII

qecKoro rrpe,1.1,eJia B pacnpe,1.1,eJiemrn rro mu. Tio3TOMy 3naqenIIe rrepeMeHHOii KOHeqHoii 
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Entries 
Mean 
RMS 
-x!-lndf 
Prob 
pO 
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Invariant mass of tf pair, m.10.=180 GeV 

10 

~ 
t • 

t 

Entries 
Mean 
RMS 
x•lndf 
Prob 
pO 

,1 

.. 
4.621e+04 
2.304e+04 

6.087/1 
0.4135 

6.391-♦04 ± 3352 
-0.0003528+0.0001186 

,L ), I Ill llllll 11,11 I II I I 111 1,1o' 
o ~ ~ • • - m • m m m 

Invariant mass of •♦r pair, rTIJ.12.-=190 GeV 

Entries 
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Pllc. 6: Pacrrpe,I1,eJieHilH ITO BOCCTaHOBJieHHblM IIHBapIIaHTHbIM MaccaM JieIITOHHblX 

nap B ",Il,IIJieIITOHHOM" KaHaJie pacrra,I1,a gg rrapbl rrpII m1;2 = 170, 180 II 190 f3B." 

KIIHeMaTwieCKOe o6pe3aHIIe 3a C'IeT pa3HOCTII Mace i2 ° Il i1 ° xopomo Bil,Il,HO. 

TO'IKII MO)KIIO orrpe,I1,eJIIlTb KaK cyMMY cpe,Il,Hero 3ua11emrn (rrapaMeTp PI) <pyHKIIIIIl 

fi(mu) II rroJiymMpIIHhI "npaBoro" pacnpe,I1,eJieHIIH faycca, 2.34 · p3/2. 
Ha PIie. 7 IIOKa3aHbI pacnpe,I1,eJieHIIH no IIHBapIIaHTIIbIM MaccaM JieITTOHHblX nap, 

mu, BOCCTaIIOBJieHHblX KaK B ",Il,IIJieIITOIIHOM", TaK II B "JieIITOH-CTpyil:noM" KanaJiaX 

pacrra,I1,a gg-napb1. 
8TII pacnpe,I1,eJie1IlIH 6bIJIII <pIITIIpOBaHbl JIIIHeiinoil: cpyHKIIIIeil: Ji (mu) ( rrpaBblll 

cpponT) II cpyHKIIIIeil: faycca h(mu)- I10Jiy11enHhie pe3yJibTaThI <pIITIIpoBaHIIH npe,Il,-

cTaBJieHhI B Ta6JI. 2. 
Ifa 3TOll Ta6JIIIIIbl BII,Il,HO, 'ITO o6a MeTO,Il,a <pIITIIpOBaHilH II03BOJIHIOT rrpoBeCTII 

pa3,I1,eJieHIIe Me)K,Il,Y paccMaTpIIBaeMhIMII EGRET rrapaMeTpaMII m1,2 Ha ypoBHe cTa

TIICTII11ecKoii 3Ha'IIIMOCTII (C.L.) rrpeBbIIIIaIOiu;eM 50", paCC'IIITaHHOM C ITOMOIIJ;bIO Bbl-

pa)KeHirn: 
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Entries 
Muo 
RMS 
11 /ndf 
Prob 
pO 
p1 ., 

1123 
4.368-♦04 ,,_,. 
68.19/55 

0.109 
39.06±1.52 

5.801e+04±516 
1.955e-+04±580 

1863±332. 

Pllc. 7: BoccTaHOBJieIIHbie IIHBapIIaHTHbie MaCCbI JieITTOHHbIX nap KaK B ",Il,IIJieIITOH

HOM", TaK II B "JieITTOH-CTpyil:uoM" KanaJiax pacna,I1,a gg-napb1. Pacrrpe,I1,eJiemrn, <pIIT

poBannhie JIIIHeil:noil: <pyHKIIIIeil:, /1 (mu), rrpe,Il,CTaBJieHbl B JieBoil: KOJIOHKe, a, <plITII

poBaHHhle cpynKu;IIeil: faycca, h(mu), - B rrpaBoil:. 

- ------- --- ... - ----

J6ie~nHerrnm1 UHCTHTYT 
-1~epHLI17HCCJ1e~0Bamu\ 

L HEJU1 OTEHA i 



3Ha'IeHirn TiepeMeHHOii KOHe'IHOH TO'IKlI, f3B 

ITapaMeTpbr m1;2 JlIIHei1Haa ¢-IIR W-na faycca m-o -m-o X, X, 
m1;2 = 170 f3B 52.35±0.74 49.62±0.41 50.9 

m1;2 = 180 f3B 56.86±0.18 52.40±0.64 56.0 

ml/2 = 190 f3B 62.03±0.29 58.01 ±0.65 61.1 

Ta6Jrn11,a 2: 3Ha'IeHII51 TiepeMeHHOH KOHe'IHOH TO'IKlI B JieTITOHHOH MO,l],e ".n,IIJreTITOHHO

ro" II "JieTITOH-CTpyi1Horo" KaHaJIOB pacTia,l],a (PIIc. 7), TIOJiy'IeHHhie mmei1HOH cpynK-

11,nefi Ji (mu) n ¢YHKI1,IIei1 faycca Ji (mu). TaK,Ke Tip1me.n,eHhI TeopeTII'IecKIIe 3tta'Ie

HHR TiepeMeHHofi KOHe'IHOH TO'IKII (II3 Ta6JI. 1). 

Jm1 - m2l (l2) 
n(cr)= J(8m1)2+(8m2)2' 

r.n,e m1,2 II 8m1,2 3Ha'IeHII51 TiepeMeHHOH KOHe'IHOH TO'IKII II lIX TIOrpeuIHOCTlI. 

Ha PIIc. 8 TIOKa3aHa 3aBnCIIMOCTh ypoBHR cTaTHCTII'IeCKofi 3Ha'IIIMOCTII ( C.L.) 

TIPII pa3.n,eJieHIIII TiapaMeTpOB m1,2 OT IIHTerpanhHofi cBeTIIMOCTII LHC. 
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PIIc. 8: 3aBIICIIMOCTh ypomrn CTaTnCTII'IecKofi 3Ha'IIIMOCTII (C.L.) TIPII pa3,LI,eJieHIIII 

TiapaMeTpOB m1,2 OT cBeTIIMOCTII LHC. HaTipIIMep, TIPII lIHTerpaJibHOfi CBeTIIMOCTII 

100 ¢6apH-l TiapaMeTp m 1; 2 = 180 f3B MO,KeT 6brTb OT,LI,eJieH OT TiapaMeTpa m 1; 2 = 
190 f3B Ha ypomre CTaTIICTII'IeCKOH 3Ha'IlIMOCTlI 80". 

KpoMe Toro, B03MO,KHO 011,eHIITb O)KlI,LI,aeMoe KOJIII'IeCTBO co6bITlIH B ",LI,IIJieTITOH

HOM" II "JieTITOH-CTpyfiHOM" KaHanax pacTia,I.1,a gg-Tiapbl TIOCJie TIPIIMeneHII51 KPIITe

pIIeB oT6opa B 3aBIICIIMOCTn OT 1mTerpaJibHOi1 cBeTIIMOCTII LHC (cM. PIIc. 9 TipII 

m1;2 = 180 f3B). 

Ecmr Tipe,LI,IIOJIO)KlITb, 'ITO 3cpcpeKTlIBHOCTb KPIITepHeB OT6opa He 3aBlIClIT OT CBe

TlIMOCTlI LHC, To c rroMOlllhIO Bhrpa,KeHHa: 
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PIIC. 9: O)KII,I.1,ae1vrne KOJllI'IeCTBO "JieTITOH-CTpyi1HhIX" (rryHKTlipHa51 JllIHlIR), ",LI,IIJieTI

TOHHbIX" ( TO'Ie'!Ha51 JllIHlI51) lI cyMMapHoe KOJllI'IeCTBO B o60lIX KaHanax ( CTIJIOUIHa51 

JIIIHHa) B 3aBIICIIMOCTlI OT lIHTerpaJibHOH cBeTHMOCTII LHC TipII m 1; 2 = 180 f3B (rro

cJie TiplIMeHeIIlI51 KplITepIIeB OT6opa). 

Nexpected = a · O"signal · Lintegrated, (13) 

r,LI,e, (X, - 3cpcpeKTlIBHOCTb KPIITepIIeB OT6opa paBnaa 0.066, 0.12 lI 0.117 ,l],Jl51 ",LI,IIJierr

TOHHOro", "JieTITOII-CTpyi1Horo" lI o60lIX KaHaJIOB BMeCTe, MO)KHO 011,eHIITb O)KII,LI,aeMoe 

KOJIH'IeCTBO co6hITlIH B 3aBlIClIMOCTll OT lIHTerpaJibHOH CBeTHMOCTlI LHC, Lintegrated 

(BapbHpoBanacb OT 10 ,LI,O 300 ¢6apn-
1
). Ce'IeHHe KaHaJIOB pacTia,I.1,a 2.4, 40.7 II 43.1 

¢6apH ,l],Jl51 ",I.1,lIJieTITOHHOro", "JieTITOH-CTpyi1Horo" lI o6onx KaHaJIOB 0,Il,HOBpeMeHHO, 

COOTBeTCTBeH~O. HaTiplIMep, y)Ke TiplI lIHTerpaJibHOH CBeTlIMOCTlI 100 ¢6apH-l MO)K

HO O,KII,LI,aTb OKOJio 500 co6bITIIi1 B EGRET o6JiaCTlI c gg-Tiapofi pacTiaBinefica rro 

"JieIITOH-CTpyfiHOMy" KaHany. 

,Il;anee pacc1vrnTplIBaeTCR 011,eHKa B03MO,KHOCTll pa3,LI,eJieHlI51 TiapaMeTpOB m1;2 C 

,LI,06aBJieHlieM a,LI,pOHHOH BeTBll "JieTITOH-CTpyfinoro" KaHaJia pacTia,LI,a, 'ITO TaK,Ke ,LI,aeT 

B03MO,KHOCTb 3Ha'IlITeJihHOro yBeJill'IeHlI51 CTaTlICTlIKll. Bhr6IIpaJiaCb Ta Tiapa JierKlIX 

a,LI,pOHHbIX CTpyfi OT pacrra,LI,a if - ipqq, 3Ha'IeHIIe lIHBapliaHTHOH MaCCbl KOTOpbIX 

6bIJia 6JIH)Ke Bcero K 3Ha'!eHIIIO IIHBapIIaHTHOH MaCCbl JieTITOHHOH Tiapbl OT pacTia,LI,a 

,LI,pyroro Hei1TpaJIIIHO if - i? 1+ 1-. 
ITocJie aHaJilI3a cyMMapHbIX pacTipe,LI,eJieHlIH, TIOrpemnOCTlI rrepeMeHHbIX KOHe'I

HOH TO'IKII CTaHOB51TC51 3a!vieTHO MeHbllle, 'IeM eCJilI 6hr pacTipe,LI,eJieHll51 paccMaTplI

BaJilICb rro OT,LI,eJihHOCTlI ( CM. PIIc. 10 n Ta6JI. 3). 
OKoH'IaTeJihHhre pe3yJihTaThI lI 011,eHKII TIO pa3,LI,eJiennro EGRET TiapaMeTpOB m 1; 2 

B ",LI,IIJieIITOHHOM" II "JieTITOH-CTpyfinoM" KaHanax pacTia,LI,a gg-Tiapbl lICCJie,LI,y51 JieTI

TOHHhie, a,LI,pOHHhie neTBlI pacna,LI,a TiapbI, a TaK)Ke cyMMapHbie ,LI,aHHbie TIO o6elIM 

BeTB51M pacTia,LI,a rrpe,LI,CTaBJieHbl Ha PHC. 11 B 3aBlICIIMOCTll OT lIIITerpaJibHOH CBeTII

MOCTlI LHC. 
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PIie. 10: CyMMapHhie pacnpe.n,eJieHII.H no IIHBapilaHTHOil: Macce JienTOHHhIX nap II nap 

JierKIIX a.n,pOHHbIX CTpyil: B "JienTOH-CTpyil:HOM" II ".n,IIJienTOHHOM" KaHaJiax pacna

.n,a gg-napbr. B JieBOil: KOJIOHKe noKa3aHbI pacnpe.n,eJiemrn q>IITilpOBaHHhie JIIIHeil:Hoil: 

q>yHKIJ;Ileil: fi.(mjj), a B npaBoil: KOJIOHKe - q>IITilpOBaHHhre pacnpe.n,eJieHI1eM faycca 
fi(mjj)-

TaKIIM o6pa3oM, y)Ke nocJie Tpex JieT pa6oThI LHC npI1 HI13KOil: cBeTI1MOCTI1 (1033 

CM-
2
c-

1
) 3Ha'-IeHile napaMeTpa m1;2 MO)KeT 6bITb onpe.n,eJieno na YPOBHe CTaTIICTil

'-IeCKOil: 3Ha'-IIIMOCTII 30'. 

Ou;enKII CM q>OHOBhrx npou;eccoB noKa3aJIII, '-ITO Ilx BKJia.n, B cyMMapnoe KOJIIl

'-IeCTBO CilrHaJihHhIX npou;eccoB npeHe6pe)KI1MO MM. BoJiee Toro, ll3-3a Toro, '-ITO 

Macca Heil:TpIIHO 6JIIl3Ka K nymo, noTep.HHHbIH nonepe'-IHhiil: IIMnyJihC 6y.n,eT 3Ha

'-IIITeJibHO MeHhrne, '-IeM B SUSY npou;ecce (5). ,Ll;annoe cBoil:cTBO .n,aeT B03MO)K

HOCTh OT.n,eJII1Th q>OHOBhre npou;eccbr OT SUSY npou;eccoB (5) OT6I1pa.a TOJihKO co-

6brTI1.H C 60JibllIOil: noTep.HHHOil: nonepe'-lnoil: 3Hepmeil: (nanpIIMep, 6oJiee 50 f3B). 

MnorI1e q>I13I1'-IecKI1e IICCJie.n,0BaHI1.H na ycTaHOBKe ATJIAC npe.n,noJiararoT, '-ITO B 

npou;eccax 6y.n,yT npIICJTCTBOBaTb a,D,pOHHhie CTpyn, a TaK)Ke 6y.n,yT o6pa30BhIBaTb

C.H '-IaCTIIIJ;hI, npIIBO,Lf,.HIIJ;Ile K 3Ha'-IIITeJibHOil: noTepmrnoil: nonepe'-lnoil: 3HeprnII (neil:

TPIIHO, neil:TpMIIHO II T.n.). 21:JI.H aHaJII13a no.n,o6nhIX .n,aHHbIX neo6XO,Lf,IIMO Il3J'-II1Tb 
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3na'-IeHII.H nepeMennoil: KOHe'-IHOil: TO'-IKII, f3B 

A.n,ponua.a BeTBh CyMMapna.a BeTBh Teop. 

311a'-Ie11I1e 

m1;2 JlIIH. q>-H.H <P-H.H faycca JlI1H. q>-II.H <P-II.H faycca m-o -m-o x, x, 
170 f3B 57.8±0.9 52.2±0.9 53.8±0.3 49.7±0.5 50.9 
180 f3B 63.7±1.0 56.6±1.1 57.6±0.3 55.0±0.6 56.0 
190 f3B 66.9± 1.1 62.5 ± 1.6 65.0±0.3 60.8±0.7 61.1 

MI1n. C.L. 2.240' 3.120' 90' 6.10' -

Ta6JIIIIJ;a 3: 3na'-IeHII.H rrepeMennoil: KOHe'-InOil: TO'-IKII B JienTOHHOil: MO,D,e ",D,IIJienTOH

noro" II "JierrTon-cTpyil:noro" KanaJIOB pacna.n,a, ,D,JI.H a.n,ponuoil: BeTBII OT,D,eJihHO n ,D,JI.H 

cyMMapnoro pacnpe.n,eJienII.H (PIie. 10), noJiy'-Iennbre JIIlneil:noil: q>ynKu;I1eil: f1 (mu) II 

cpynKu;Ileil: faycca Ji (mu). TaK,Ke rrpI1Be.n,enhr TeopeTI1'-IeCKI1e 3Ha'-IeHII.H nepeMennoil: 

KOHe'-IHOil: TO'-IKII ( Il3 Ta6JI. 1). B Hil)KHeil: CTpO'-IKe nprrne.n,enhI MIIHIIMaJihHbie 3IIa'-Ie

HII.H CTaTI1CTI1'-IeCKOro ypoBH.H ,Lf,OCTOBepnoCTH, KOTOpbIH MO)KeT 6bITh ,Lf,OCTHrnyT ,Lf,JI.H 

JII06oil: rrapbr rrapaMeTpOB m1;2• 
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Integrated luminosity, 1/fb 

Pnc. 11: O)Kil,D,aeMoe 3Ha'-IeHile CTaTIICTII'-IeCKOro ypomrn 3Ha'-IIIMOCTII npn pa3.n,eJie

HIIH napaMeTpOB m1; 2 B EGRET o6JiacTn npn pa3JIII'-IHOil: IIHTerpMhHOil: CBeTnMOCTII 

LHC. 

21 



cpyHKil;IIH OTKJIIIKa II 3HepreTII'IeCKOro pa3perneHmI KaJIOpIIMeTpOB ,ll;Jl.H pa3JIH'IHhlX 

TIIIIOB 'laCTIIII; B IIIIIpOKOM ,n;naIIa30He 3Hepruii:. 

B 11.HTOH rJiaBe co,n;ep)KaTC.H pe3yJihTaThl 113MepeHII.H <pyHKil;IIH OTKJIIIKa II 3Hep

reTII'leCKOro pa3perneHII.H a,n;pOHHOrO KaJIOpIIMeTpa na IIHOHhl. Cpe,n;Hee 3Hat.JeHIIe 

n3MepeHnoii: rrOJIHoii 3Hepnrn, HOpMIIpoBaHHoe Ha 311eprmo rryt.JKa, orrpe,n;eJI.11eTC.H 

KaK OTKJIIIK KaJIOpm.teTpa. B 2004 ro,n;y cerMeHT u;eHTpaJihHOH t.JaCTII ,n;eTeKTOpOB 

ycTaHOBKII AT JIAC BKJIIO'la.H IIIIKCeJihHhiii:, SCT, TRT, 3JieKTPOMarttIITHhiii, a,n;poH

Hhlii II MIOOHHhiii ,n;eTeKTOphI 6bIJIII ycTaHOBJieHhI Ha mrnIIIO rryt.JKa H8 B UEPH. 

HcrroJih30BaJIIICh IIIIOHHhie rryt.JKII B IIHTepBaJie 3HeprIIii: OT Ebeam = 20 ,n;o 350 f3B 

II rrpn BeJIH'IIIHaX IICeB,ll;06bICTp0Thl KaJIOpIIMeTpOB T/beam = 0.2, 0.25, 0.35, 0.45, 0.55 

II 0.65. Ho KpOMe IIIIOHOB B rryt.JKe rrpncyTCTBOBaJIII rrpHMeCII 3JieKTpOHOB, MIOOHOB 

II, B CJiyqae rryt.JKa C n+, rrpOTOHOB. CxeMaTHt.JeCKIIH pIIcyHOK ycTaUOBKII IIOKa3aH 

irn Pnc. 12. JlIIInrn rryt.JKa o6opy,n;oBaHa TaKIIMII CIJ;IIHTIIJIJI.HIJ;IIOHHhIMII C'IeT'IIIKa

MH KaK: SMT (M10ouHoe BeTO) ,n;JI.11 Toro, t.JTo6u 3arrpeiu;aTh co6b1TII.11, B KOTopb1x 

MIOOHhl rrpOX0,11;.HT qepe3 IIOrJIOTIITeJih rryt.JKa (Beam stop) Ha JIHHIIII ,ll;Jl.H Bh!COKIIX 

3Hepmf1 (High Energy Beamline) BO BpeM.H rrepuo,n;oB II3Mepenuii: Ha HII3Koii 3Hep

rIIII; SO, S1, S2 II S3 ,n;JI.11 KOHTpOJI.H IIIITeHCIIBHOCTH rryt.JKa, a TaK)Ke ,n;JI.11 rJiaBHoro 

TpIIrrepa; SMH (M100Huoe faJio), t.JT06h1 3arrpeiu;aTh co6h1Tu.11, B KOTOphIX MIOOHhI 

OKa3hIBaIOTC.H BHe OCHOBHOro HarrpaBJiemrn rryt.JKa. Kpm.te Toro, JIHHII.H IIY'IKa 6bi

Jia TaK)Ke o6opy,n;oBaHa rryt.JKOBhIMH KaMepaMII (beam chambers BC-2, BC-1, BCO, 

BCl n BC2) ,ll;JI.H orrpe,n;eJieHII.H TpaeKTOpIIII t.JacTHU: rryt.JKa II ,n;eTeKTopaMII -Y:epeH

KOBa (CHRVl n CHRV2), u03BOJI.HIO_IIJ;IIMII u,n;enTH<pIIIJ;HpOBaTh qacTIIIJ;hI. Bo BpeM.H 

rrepHO,ll;OB II3MepeHIIii, aHaJIII3IIpyeMhlX B ,n;aHHOH pa6oTe ,n;eTeKTOphi -Y:epeHKOBa He 

pa6oTaJIII. KBa,n;pyrrOJihllhie MarHIIThl IICIIOJih30BaJIIICh ,ll;Jl.H q>OKYCIIpOBKII rryt.JKa, a 

,ll;IIIIOJihHhie MarHIIThl ,ll;Jl.H OTBO,n;a IIY'IKa B HarrpaBJiemrn JIIIHIIII ,ll;Jl.H Bh!COKIIX 3Hep

rIIii IIJIII HII3KIIX 3HeprIIii. 9JieKTpOMarHIITHhIH II a,n;poHHhlH KaJIOPHMeTphl 6hIJIII 

ycTaHOBJieIIhl Ha rrepe,n;BII)KHOii: CTOJI, KOTOph!H II03BOJI.HeT 1teH.HTh yroJI BXO)K,ll;emrn 

rryt.JKa B IIJIOCKOCTH ( T/' </>). 

,IJ;JI.H lJiOIIOJIHIITeJihHOH rrpoBepKII Toro, 'ITO rrporpaMMHOe o6ecrre'leHIIe, IICIIOJih-

3yeMoe rrpn anaJIII3e 3KCIIepuMeHTaJihHhIX ,n;aHHhIX pa6oTaeT upaBIIJihIIO, Heo6xo,n;II

MO cpaBHeHIIe 3KcrrepnMeHTaJihHhlX ,n;anHhlX C ,n;aHHhlMII 110,n;eJIIIpOBaHII.H ycTaHOBKII 

TeCTIIpOBaHII.H Ha rryt.JKe. Mo,n;eJIIIpOBaHIIe 6bIJIO c,n;eJiaHO c IIOMOIIJ;hIO rraKeTa MO,ll;eJIII

poBamrn ATHENA KOJIJia6opau;m1 ATJIAC, B KOTopoM ncrroJih3yeTC.H Ha6op HHCTpy

MeHTOB ,ll;JI.H MO,n;eJIIIpOBamrn GEANT4.91. ,IJ;JI.H Ka)K,n;oro ~Ha'leHII.H T/ II Ebeam ("TO'I

Ka") 6bIJIII rrpoMo,n;eJIHpOBaHhl Ha6ophl ,n;aHHh!X c 10000-20000 co6b1TIIll B Ka)K,ll;OM. B 
,ll;aJihHeiirneM pe3yJihTaThI, IIOJIY'leIIHhie Ha 3KcrrepIIMeHTaJihHhIX ,n;aHHhIX, CIICTeMa

TII'leCKII cpaBHIIBaJIHCh C pe3yJihTaTaMII, IIOJiyt.JeHHh!MII Ha ,n;aHHhIX Mo,n;eJIIIPOBamrn. 

,IJ;JI.H aHaJIII3a <pyHKIJ;IIII OTKJIIIKa Tile KaJIOpIIMeTpa Ha IIIIOHhI, Heo6xo,n;IIMO, 'IT0-

6hi IIO'ITII BC.H 3Hepru.H IIIIOHa BhI,ll;eJI.HJiaCh B a,n;poHHOM KaJIOpIIMeTpe II B3aIIMO,n;eii:

CTBOBaJia KaK MIIHIIMaJihHO IIOHII3upy10iu;a.11 'IaCTIII~a (minimally ionizing particle, 

MIP) BO Bcex rrpe,n;u,n;yiu;IIx ,n;eTeKTopax. MIOOH B3aIIMo,n;eiicTByeT KaK MIIHIIMaJih-
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nornomTOnb ny,,Ka SMV 
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Puc. 12: Cxe1rn murnn rryt.JKa H8 II pacrroJio)KeHn.H Ha Heii: ,n;eTeKTopoB ycTaHOBKII 

ATJIAC. 
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HO IIOHII3IIpymrn;aH 'lacnm;a. I1MeeTCH TpII cnoco6a onpe,n;eJiemrn nemI'IIIHhI 3HepruII 

BbI,ll;eJieHHOii: MIIHIIMaJihHO IIOH113IIpymrn;eii: 'laCTIIIJ,efi B 3JieKTpOMarmITHOM KaJIOpII

MeTpe: 

• CyMMa 3HeprnII B H<Jeii:Kax KaJIOpIIMeTpa B KOHyce onpe,n;eJie1rnoro pa3Mepa B 

nJIOCKOCTll ( T/' </>) BOKpyr HOMIIHaJibHOro nanpaBJiemrn ny'IKa. 

• MeTO,ll;OM TOnOJIOrII<JeCKOii: KJiaCTepII3aIJ,HII. OcHOBHaH II,ll;eH COCTOIIT B TOM, 'IT0-

6hI ofrhe,ll;IIHIITb H'leii:KH B KJiaCTepbI no HX B3aIIMHOMY pacnOJIO)KeHHIO II 3IIa'le

HHIO co.n;ep)Karn;eii:CH B HUX 3HeprIIII. 

• CyMMIIpOBaHIIe H'leii:KII C MaKCIIMaJibHbIM 3Ha'leHIIeM 3HeprIIH C O,ll;HOM II3 ,ll;Byx 

coce,n;HIIX K Heii H'leeK B nJIOCKOCTH <f>, co.n;ep)Karn;eii: naII60Jihlllee 3Ha<JenIIe 3Hep

rIIII (MAX(E) MeTO,n;). ,II:JIH .n;annoro MeTO,n;a paccMaTpIIBaJIIICh H'leiiKII B Konyce 

onpe,n;eJiemrnro pa3Mepa LiT/ x Liq,. 
TaKIIM o6pa30M, HMeeM TPII cnoco6a onpe,n;eJieHIIH BeJIII'IIIHbI 3HeprIIII BbI,ll;eJieH

noii: MIIHIIMaJibHO IIOHII3IIpymrn;eii: 'laCTIIIJ,eii B 3JieKTpOMarHIITHOM KaJIOpIIMeTpe, ,ll;B~ 

pa3Mepa KOnyca B ( T/' "') npocTpaHCTBe 0.2 X 0.2 II 0.4 X 0.4. TaK)Ke, MO)KHO cyMMil

poBaTb BeJIII'IIIHbI 3HeprIIii: He BO BCCX 'leTbipex CJIOHX 3JieKTpOMarHIITHOro KaJIOpII

MeTpa, a TOJibKO B HeKOTOpbIX Il3 HIIX, T.e B .n;onOJIHCHIIe HMeeM TpII Ha6opa CJIOeB 

B LAr KaJIOpIIMeTpe. IlyTeM nepe6opa nHTHa,n;u_aTII pa3JIIl'IHhIX cnoco6oB onpe.n;e

JieHIIH BeJIIl'IIIHbI MIP KpIITepIIH B 3JieKTpOMarHIITHOM KaJIOpIIMeTpe, 6hIJI BbI6paH 

MeTo,n;, no3BOJIHIOIIl;IIM BOCCTaHaBJIIIBaTb 3HeprIIIO nIIOHOB C IIMnyJihCOM 20 II 50 f3B 

( nOCKOJibKY nIIOHbI C Hil3KIIMII 3HeprIIHMII Hail60Jiee 'IYBCTBIITeJihHbI K 3Ha'leHIIIO 

BeJIIl'IIIHhI MIP KpI1TepI1H B LAr KaJIOpIIMeTpe) npII T/ = 0.45 c naIIJIY'lllIIIM pa3pe

lllemieM. 

,II:JIH OT6opa co6bITIIM 6hIJIII npIIMeHeHhI CJIC.n;JIOrn;IIe KPIITCPIIII: 

• y ,n;aJieHIIC co6bITIIii: C 3JieKTpOHa.MII. 8JieKTpOii, nona.n;amrn;Ilii: B 3JieKTpOMarHIIT

Hbiii: KaJIOpIIMeTp IIOJIHOCTbIO norJiorn;aeTCH B HeM, B TO BpeMH KaK IIIIOH, KaK 

npaBIIJIO, OCTaBJIHeT B HeM TOJibKO 'laCTb CBOeii: 3HeprIIII. CJie,n;oBaTeJibHO, OTHO

llICHHe BCJIIl'IIIHbI 3HeprIIII, BbI,ll;eJIIIBllleii:cH B 3JieKTpOMarHIITHOM KaJIOpIIMeTpe, 

K BeJIII'IIIHe nOJIHOH 3Hepnrn, BbI,ll;CJIIIBllleii:cH B o6onx KaJIOpIIMeTpax, ,ll;OJI)KHa 

6bITb ~ 1 ,ll;JIH 3JieKTpOHa II < 1 ,ll;JIH nIIOHa. Co6bITIIH C 3JieKTpOHaMII OT6paCbI

BaJIIICh, ecJIII OTHOllleHile Eur/E101 > 0.98. 

• Y,n;aJieHIIe co6bITIIii: C MIOOHaMII. qT06bI y,n;aJIIITb co6bITIIH C BhICOK03HepreTII'IHbI

MII MIO0ttaMII, neo6xo,n;IIMO, 'IT06hr B SMT CIJ,IIHTIIJIJIHTope OTCYTCTBOBaJI CIIrHaJI. 

• KpIITepnII Ha ny'IKOBhre KaMepbI. Bemr'IIIHhI npe,n;eJIOB ,ll;JIH ny'IKOBhIX KaMep 

onpe,n;eJIHJIIICb KaK µ ± 2<J MM TIO a6coJIIOTHbie 3Ha'leHIIH KOOp,ll;IIHaT X II y' r.n;e µ 
- II <J - cpe,n;Hee 3Ha<JeHIIe II RMS pacnpe,n;eJieHIIii: B ny'IKOBhIX KaMepax, cooTBeT

CTBeirno. KpoMe Toro, 'IT06hI II36e)KaTb 60JibllIIIX yrJIOBbIX OTKJIOHeHIIii: ny<JKa, 

6hIJI npIIMenen KpIITepIIii: Ha pa3HOCTb 3Ha'ICHIIH KOOp,ll;IIHaT Me)K.n;y ny'IKOBbI

MII KaJ1.1epaMII BC0 II BCl, II BCl II BC2. Pacnpe,n;eJieHIIH pa3HOCTII Koop,n;IIHaT 

ny'IKOBbIX KaMep 6bIJIII q:>IITIIpOBaHbI cpyHKIJ,Ileii: faycca II BeJIII'IIIHbI KpIITCpII

eB onpe,n;eJIHJIIICb KaK µ ± 2<J, r.n;e µ - II (J - cpe,n;Hee 3Ha'ICHIIC II CTaH,n;apTHOe 

OTKJIOHemie pacnpe,n;eJICHIIH raycca, COOTBCTCTBeHHO. 

• KpIITCpIIII Ha Cll,IIHTIIJIJIHTOpbI Ha JIIIHIIII ny'IKa. qT06hI OT06paTb co6hITIIH C 
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e,n;mICTBCIIHOii: 'laCTim,eii, npoxo,n;Hrn;eii: no JIIIHIIII ny'IKa, 6bIJIII BBe,n;eHhI Kp11Tep1rn 

na c1irnaJI B CIJ,IIHTIIJIJIHTopax Sl, S2 II S3. BeJIII'IIIHhI KpIITepIIeB (co6hrTIIH c 

CIIrHaJiaMH Bbillle 3TOii: BCJIII'IIIHbI OT6paCbIBaJIIICb) Ha CHrHaJI B Cll,IIHTIIJIJIHTOpax 

onpe,n;eJIHJIIICh TaKnM )KC o6pa3oM KaK II ,ll;JIH CIJ,IIHTIIJIJIHTopa SCI (no <I>opMyJie 

(14) c NMJP = 2). . 
• KpnTepIIii: Ha MIP B LAr KaJiopnMeTpe. ,Il;JIH Toro, 'IT06br y,n;aJIIITh co6bITirn, 

B KOTOpbIX a,n;pOHHhiii: JIIIBCHb Ha'lnHaeTCH B 3JieKTpOMarHHTHOM KaJIOpIIl\IeTpe, 

Heo6xo,n;IIMO, 'IT06bI TIIIOH B3aIIMO,ll;eii:CTBOBaJI B Ka)K,ll;OM CJIOe LAr KaJIOpIIMCT

pa KaK MIIHIIMaJibHO IIOHH3IIpymrn;aH 'laCTIIIJ,a. BeJIH'IIIHa KpIITepIIH ( co6bITlrn C 

3Heprneii: Bhillle 3TOii: BeJIII'IIIHbI OT6paCbIBaJIIICb) onpe,n;eJIHJiaCb KaK µ + 2<J' r.n;e 

µ - II <J - cpe,n;Hee 3Ha<JeHne II RMS pacnpe,n;eJie1rnii: 3Heprnn Bhr,n;eJIIIBllleii:cH B 

LAr KaJiopnMeTpe B Ka)K,n;OM cJioe. 

BOJibllIYIO 'laCTb BpeMeHII rJiaBHbiii: Tpnrrep cpopMIIpOBaJICH C nOMOIIJ,bIO u.enn 

coBna.n;ennH Cll,IIHTIIJIJIHTopoB Sl, S2, S3 n SMT Jin6o SMH. 8TOT Tpnrrep cnrna

Jia 3MyJinpyeT TpIIrrep nepBoro ypomrn (Level 1), KOTOpbrii: 6y,n;eT 3anycKaTb CII

CTeMy 3anIICII co6bITIIH na ycTaHOBKe ATJIAC. To'IHaH 'laCToTa 3am1cn 6hma pa.B

ua 40.08 Mru., KOTOpaH COOTBeTCTBYCT 'laCTOTe nepece<Je1rne crycTKOB npOTOHOB 

na ycKopIITeJie LHC. Kor.n;a rnaBHhiii TpIIrrep cpa6aTbrnaeT, TO co6hrTne Ha3hrna

eTCH "<Pn3II'leCKIIe co6hrTne" ("Physics Events"), a Tpnrrep - "<Pn3H'ICCKIIii: TpIIr

rep" (" Physics trigger"), B npOTIIBHOM CJiy'lae co6bITlle Ha3bIBaeTCH "CJiy'laiinoe co-

6hITHe"("Random Event"), a Tpnrrep - "CJiy<Jaii:Hbiii: Tpnrrep"("Random Event"). 

"CJiy<Jaii:Hhiii Tpnrrep" ncnoJih3YCTCH ,ll;JIH onpe,n;eJienIIH 3JieKTponnoro lllyMa B .n;e

TCKTopax. 

IlpnMCHCHHbie KpHTepnn OT6opa 6hIJIII OIITHMII3HpOBaHbI ,ll;JIH Ka)K,ll;Oii: "TO'IKH", 

3a HCKJIIO'ICHHCM KpnTepneB Ha a6coJIIOTHhie 3Ha'leHIIH KOop.n;mraT n pa3HOCTb KOOp

,ll;HHaT B ny'IKOBhIX KaMepax (BC0, BCl, n BC2), KOTOphre onTIIMH3IIpOBaJIIICh ,n;JIH 

Ka)K.n;oro nepIIo,n;a H3MepeHnii. 

8HeprIIH ny'IKa KOppeKTHpOBaJiaCh Ha BCJIH'IIIHY 3HeprIIII, noTepHHHyIO B 3JieK

TpOMarmITHOM KaJIOpIIMeTpe, II Ha BeJIII'IIIHY 3Hepnrn, nOTCpHHHOii: B IIaCCHBHOM 

Bern;eCTBe Me)K.n;y 3JieKTpOMarHIITHbIM II a,n;pOHHbIM KaJIOpIIMeTpaMII. Cpe,n;Hee 3Ha

'leHne noTepHHHOii 3HeprIIII onpe,n;eJIHJIOCb no ,n;aHHbIM MO,ll;eJIIIpOBaHUH. 

IlOJIHaH 3Hepnrn, BbI,ll;eJIIIBlllaHCH B a,n;pOHHOM KaJIOpIIMeTpe, onpe,n;eJIHJiaCh C no

MOIIl;hIO <I>8Y Bcex Tpex MO.n;JJieii: a,n;pOHHOro KaJIOpIIMeTpa, ycTaHOBJieHIIhIX Ha JIII

HHIO ny'IKa, c IEPMTI > 2<Jnoise· BeJIH'IIIHhI 3JieKTpOHHOro lllyMa, O"noise, onpe,n;eJIHJIIICh 

,ll;JIH Ka)K.n;oro <I>8Y B Ka)K,ll;OM nepIIo,n;e II3Mepemiii: OT,ll;CJibHO C IICnOJib30BaHIIeM co-

6bITHH co "CJiy<Jaii:HhIM TpIIrrepoM". Ecmr ,n;aHHhiii: nepno.n; H3MepeHnii no KaKnM

m160 npH'IHHaM He co.n;ep)KHT IIHq:>OpMaIJ,HIO O "CJiy'laii:HOM TpIIrrepe", TO noJiara

JIOCh, 'ITO ,ll;JIH BCex <I>8Y O"noise paBIIO cpe.n;neMy 3Ha'ICHHIO BeJIII'IHHbI lllyMa B <I>8Y 

20 M3B. CnrttaJI OT <I>8Y II3MepHeTCH B nKJI II c noMOIIl;hIO K03cpcpnu.neHTa npe

o6pa3oBamrn CIIrHaJI-B-3HeprIIIO paBHoro 1.049 nKJI/f3B onpe,n;eJIHeTCH BeJIH'IHHa 

3aperIICTpIIpOBaHHOii: 3Heprnn B f3B. 8HeprIIH B 3JICKTpOMarmITHOM KaJiopnMeTpe 

onpe,n;eJIHJiaCb KaK cyMMa BeJIII'IHH :mepnrn B Ka)K,n;Oii: H'leii:Ke KaJIOpHMeTpa, npo

llle,ll;llleii: KpHTepIIil: IEf,;;11 > NLAr · O"noise, r.n;e Nur II O"noise npnBe,n;eHbI B Ta6JI. 4. 
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CJioil: B LAr Clnoise, (M3B) KoJI-BO CJnoise ~1J X ~<p 
Tipe,a;JIIIBHeBhiii 37.6 2 0.05 X 0.4 

TiepBhiii 11.9 3 0.05 X 0.4 
Cpe,a;1rnil: 29.3 3 0.1 X 0.1 

TiocJie,a;1rnil: 23.3 2 0.1 X 0.05 

Ta6Jim1a 4: BeJiwrnHhI KpIITepneB Ha 3JieKTpOHHhiii IIIYM ,u;;rn Ka)K,a;oro CJIOH LAr 

KaJIOpIIMeTpa. 

BhIJIII npIIMeHeHhI )l;OilOJIHIITeJihHhie nonpaBKII )l;JIH cpyHKIJ,IIii OTKJIIIKa KaJIOpII

MeTpa II ero 3HepreTIIqecKoro pa3peIIIeHIIH Ha npOTOHhI B nyKe C n+ ( OT ~ 4% npII 

Ebeam = 20 f3B ,a;o ~ 80% npII Ebeam = 180 f3B), na npo,a;OJihHJIO II nonepeqHyro 

yTeqKy 3HeprIIII. CIIcTeMaTIIqeCKIIe norpeIIIHOCTII 3TIIX OT nonpaBOK 6bIJIII yqTeHhI 

npII )l;aJihIIeiiIIIeM aHaJIII3e. 

KpoMe Toro, c noMOIIIhIO CIJ,IIHTIIJIJIHTOpa SCI, pacnoJIO)KeHHoro Me)K,a;y 3JieKTpo

MarHIITHhIM II a,a;pOHHhIM KaJIOpIIMeTpaMII, ,a;eTaJihHO IICCJie,[t;OBauo BJIIIHHIIe 3Hepre

TIIqecKIIX IIOTepb B naCCIIBHOM BeIIIeCTBe Me)K,a;y 3JieKTpOMarHIITHhIM II a,a;pOHHhIM 

KaJIOpIIMeTpaMII Ha cpyHKIJ,IIII OTKJIIIKa II 3HepreTIIqecKOro pa3peIIIeHIIH a,a;pOHHOro 

KaJIOpIIMeTpa. Pe3yJihTaThI BJIIIHHIIH npIIMenemrn KpIITepirn Ha MIP B SCI 6hIJIII 

cpaBHeHhI C pe3JJihTaTaMII BJIIIHHIIH npIIMeHeHIIH KpiiTepIIH Ha MIP B naCCIIBHOM 

BeIIIecTBe (Dead Material, DM) Me)K,a;y LAr u Tile KaJiop1IMeTpal\rn )l;JIH ,a;aHHhix 

Mo,a;eJiupoBaHIIH MmITe-KapJio. TipnMeHemre Kp1ITep1rn Ha cnrHaJI B SCI BmrneT Ha 

cpyHKIJ,IIIO OTKJIIIKa B a,a;pOHHOM KaJIOpHMeTpe. Tp11 OCHOBHhIX 3<.pcpeKTa BJIIIHIOT Ha 

II3MepHeMhiil: CIIrHaJI B Tile KaJIOpHl\feTpe: 

• Tiacc11BHOe BeIIIeCTBO. A,a;poHHhie JIIIBHII HaqIIHaIOIIInecH Me)K,a;y LAr 11 Tile Ka

Jiop111\teTpaMn. B 3TOM CJiyqae qaCTh 3HeprmI TepHeTCH B naCCIIBIIOM Ben~eCTBe; 

• O6paTHOe pacceHHIIe. O6paTHOe pacceHHHe qaCTIIIJ,, o6pa30BaBIIIIIXCH B nepBOM 

cJioe a,a;pomwro KMop11MeTpa; 

• TipO,[t;OJibHaH yTe'IKa 3HeprHII. YBeJiuqe1maH npO,[t;OJihHaH yTeqKa 3HeprIIll, BhI-

3BaunaH y,a;aJieHHeM co6hITIIii C 60JihIIIOil: CTeneHhIO o6paTnoro pacceHHHH. KpII

Tepuil: Ha c11rna.i'I B SCI oT6npaeT co6hITHH, B KOTOphIX a,IJ,pOHHhiii JIHBenh Haqu

naeTCH rJiy6)Ke B KaJIOpHMeTpe; 

BeJIIIqIIHa MIP Kp1ITep1rn na CIIrHaJI B SCI (DM) onpe,a;eJIHJICH BO cpopMyJie: 

SCI cut = µMJP + NMJP • ~µ, (14) 

r,a;e µMIP - cpe,a;Hee 3uaqe1rne pacnpe,a;eJieHIIH BOCCTaHOBJieHnoil: 3HeprIIII MIOOHa 

B SCI (DM), NMJP - KOJIIIqecTBo MIP (no yMoJiqamiro paBHoe ABYM)) KOTopoe onpe

,a;eJIHeTCH KaK ~µ = µMJP - µnoise, r,a;e µnoise cpe,a;Hee 3HaqeHIIe pacnpe,a;eJiemrn IIIyMa 

OT 3JieKTpOHIIKII B SCI. ,Il,JIH ,a;aHHhIX Mo,a;emipoBaHIIH µnoise= 0. 
,Il;JIH IIJIJIIOCTpau,IIII 3<.pcpeKTa MIP KpIITepIIH Ha CIIrHaJI B SCI (DM), IICIIOJih30-

BaJIIICh IIIIOHhI C 3HeprIIeil: 320 II 20 f3B npII 1J = 0.35 C npIIMeneHIIeM KpIITep1rn 
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na MHHIIMaJihHhie IIOHII3aIJ,IIOHHh!e IlOTepn B 3JieKTpOMarHIITHOM KaJIOpuMeTpe. Tipn 

HII3KHX 3Hepnrnx nyqKa cpyHKIJ,IIH OTKJinKa yBeJinqnBaeTCH c npnMenenneM MIP 

KpnTepnH na CIIrHaJI B SCI (DM) na 2.5% II 3% B ,a;annh!x Tecn1p0Bamrn na nyqKe 

II MO)l;eJinpoBaIIIIH MonTe-KapJIO, COOTBeTCTBeHHO. <l>yHKIJ,IIH OTKJIIIKa npn HII3KHX 

3neprnHx nyqKa npn 7J = 0.65 HII)Ke, qeM npn 1J = 0.25, B ocHOBHOM, II3-3a noTe

pmmoil: 3Heprnu B naccnBIIOM BeIIIeCTBe. Tipn BhICOKoii 3Heprnn IIIIOHOB, Kor,a;a MIP 

KpnTepIIil: na cnmaJI B SCI (DM) y6IIpaeTcH, cpynKIJ,IIH OTKJIIIKa npn 1J = 0.25 yBe

JinqnBaeTcH Ha 0.4% n I% )l;JIH ,a;aHHhIX TeCTIIpOBaHIIH na nyqKe II MO,a;emipOBaHIIH 

MonTe-KapJio, COOTBeTCTBeHHO. Tipn 1J = 0.45 cpyHKIJ,IIH OTKJIIIKa B OT06paHHhIX co-

6hITIIHX npaKTIIqecKn He 3aBnCIIT OT BeJIIIqnHhI MIP KpnTepnH na CIIrHaJI B SCI 

(DM), IlOCKOJihKY 3HeprIIH, IIOTepHHIIaH B naCCHBHOM BeIIIeCTBe MaJia BO BCeil: 06-

JiaCTII 1J npn BhICOKHX 3Hepnrnx, a IlOTepHHIIaH 3Hepnrn II3-3a npO,[t;OJihHOii yTeqKII 

CTaHOBIIThCH He3HaqnTeJihHO MaJia. Tipn 1J = 0.65 yBeJinqeHHhie IlOTepn 3HeprIIII B 

naCCHBHOM BeIIIeCTBe 6oJiee 3HaqnMhI, qeM yMeHbIIIeHHhie IlOTepn 3Heprnn II3-3a npo

,IJ,OJihHOii yTeqKn TIO cpaBHeIIIIIO C 1J = 0.45 II cpyHKIJ,HH OTKJIHKa ,a;eTeKTOpa B OT0-

6paHIIhIX co6hITIIHX naqIIHaeT yMeHhIIIaThCH c yBeJIIIqeHIIeM BeJinqIIHhI MIP KpII

TepIIH Ha cIIrHaJI B SCI (DM). <l>ynKIJ,IIH OTKJIIIKa npn BhICOKoil: 3nepmn nnoHOB 

rrpn 60JihIIIIIX 1J BhIIIIe, qeM npn MaJihIX 1J II3-3a yMeHhIIIeHIIH npO,[t;OJihHOll yTeqKII C 

BeJIIIqnnoil: 1J. 
,Il;aHHhie MO,IJ,eJinpOBamrn II 3KcrrepnMenTaJihHhie ,a;aHHhie IIOKa3bIBaIOT oqeHh cxo

)KJie pe3yJihTaThI 3aBIICIIMOCTII OT6opa co6bITIIII C xapaKTepHhIM IIpO,[t;OJihHhIM rrpo

<pIIJieM JIIIBHH OT MIP KpIITepIIH Ha SCI (DM). AHaJiornqHaH cnTyau,IIH II )l;JIH noBe

,IJ,eHIIH cpyHKIJ,IIll OTKJIIIKa KaJIOpIIMeTpa II ero 3HepreTnqecKoro pa3peIIIeHIIH B OT0-

6paHHhIX co6hITIIHX B 3aBIICIIMOCTII OT MIP KpnTepIIH Ha SCI (DM). l.fro rro,a;TBep

)K,IJ,aeT Hallie rrpe,a;rroJio)KeHIIe o BJIIIHHIIII MIP KpnTepIIH Ha SCI (DM) Ha 3HepreTn

qecKne rroTepII Me)K,a;y LAr u Tile KaJiopnMeTpaMn B oTo6paHHhIX co6hITIIHX. 

9cpcpeKT npnMeHeHIIH MIP KpIITepIIH Ha CIIrHaJI B SCI (DM) B oT06paHHhIX co-

6h!TIIHX Ha cpyIIKIJ,IIIO OTKJIIIKa KaJIOpIIMeTpa Ha IIIIOHhI )l;JIH ,a;aHHhIX TeCTIIpOBaHIIH 

na nyqKe aHaJIOrIIqen 3cpcpeKTY Ha MO)l;eJIIIpOBaHHhIX ,a;aHHhIX. OTHOIIIeHIIe cpyHKIJ,IIII 

OTKJinKa KaJiopnMeTpa c rrpIIMeHeHneM MIP KpnTepnH Ha cnrHaJI B SCI K cpyHKIJ,IIII 

0TKJIIIKa 6e3 KpIITepIIH )l;JIH ,a;aHHhIX TeCTIIp0BaHIIH Ha nyqKe 0TJIIIqaeTCH OT aHaJI0-

rnqHoro 0THOIIIeHIIH )l;JIH ,a;aHHhIX MO)l;eJIIIp0BaHIIH MeHee qeM Ha 0.5-1.2% BO BCeil: 

o6JiaCTII BeJinqnH 1J, B TO BpeMH KaK pa3HIIIJ,a )l;JIH cpyHKIJ,IIII 3HepreTIIqeCKOro pa3-

peIIIeHIIH B cpe,a;neM <pJiyKTyIIpyeT B o6JiaCTII ±10%. 9To 03HaqaeT, qTo CIICTeMaTII

qecKaH rrorpeIIIH0CTh MIP KpnTepIIH Ha SCI (DM) )l;JIH cpyHKIJ,IIII OTKJIIIKa ±1.2% II 
,IJ,JIH cpyHKIJ,IIII 3HepreTnqecKoro pa3peIIIennH ±10%. 

<l>yHKIJ,IIII 0TKJIIIKa II 3HepreTIIqecKoro pa3peIIIeHIIH Tile KaJIOpIIMeTpa )l;JIH pa3-

JIIIqnh!X 3Haqennil: nceB,a;o6hICTp0ThI IlOKa3aHhI na Puc. 13 II Puc. 14, C0OTBeTCTBeHnO. 

llpnBe,a;eHbI KaK CTaTIICTnqecKaH, TaK II CIICTeMaTnqecKaH rrorpeIIIH0CTII. KaK BII)l;H0 

Ha pncyHKax, cpyHKIJ,IIH OTKJIIIKa KaJI0pIIMeTpa pacTeT B yBeJiuqenneM 1J, II0CKOJih

Ky yBeJinq1rnaeTCH 3<.p<peKTIIBHaH )l;JIIIHa MO)];yJieil: II, CJie)l;0BaTeJihHO, yMeHbIIIaeTCH 

npo,a;oJihHaH yTeqKa 3Heprnn. 
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PIie. 13: <l>yHKIJ,IIR OTKJIIIKa Tile KaJIOpIIMeTpa npII pa3JIIlqHhIX Tl c npIIMeHeHIIeM 

MIP KpI1TepI1R Ha CilrHaJI B SCl (DM). HaJio)KeHa KpIIBaR qrnTilpOBamrn 3Kcnepu

MeHTaJibHhIX ,Il,aHHbIX II ,Il,aHHbIX MO,Il,eJIIIpOBaHIIR C IICIIOJib30BaHIIeM rrapaMeTpII3a

IJ,IIII fpyMa (Groom). Ha rpaq_)IIKax OTHOIIIeHIIR q_)JHKIJ,IIH OTKJIIIKOB IIpI1Be,I1,eHhI KaK 

CTaTIICTilqecKIIe, TaK II CIICTeMaTI1qecKI1e rrorpeIIIHOCTII. 
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Puc. 14: <I>yHKIJ,HR 3HepreTnqecKoro pa3peIIIeHIIR a,I1,pOHHOro KaJIOpIIMeTpa ,Il,JIR.IIIIO

IIOB C pa3JIHqHbIMII rrceB,I1,06bICTpoTaMH C IIpIIMeHeHileM MIP KpIITepHR Ha CilrHaJI B 

SCl (DM). Ha rpa<})uKax OTHOIIIeHHR 3HepreTnqecKIIX pa3peIIIenuii rrpnBe,Il,eHbI KaK 

CTaTIICTHqeCKile, TaK II CIICTeMaTnqecKIIe rrorpeIIIHOCTII. 

Pa3peIIIeirne RBJIReTCR Ba)KIJbIM rrapaMeTpOM KaJIOpHMeTpa. Ono orrpe,I1,eJIReTCR 

KaK OTHOIIIe11I1e rrorpeIIIHOCTII BOCCTaHOBJieHHOii 3Hepnrn, <Jrec, K cpe,I1,HeMy 3naqeHIIIO 

BOCCTaHOBJieHHOii 3HeprIIII, Erec: 

<Jrec a b C 
----:=====ffi ffi----
Erec - JEbeam(f3B) Ebeam(f3B)' 

(15) 

r,11;e a - 3aBIICIIT OT KOHCTpyKIJ,IIII KaJIOpIIMeTpa, narrpnMep, TOJIHIIIHbI IIJiaCTIIH rro

rJIOTIITeJIR II CIJ,IIHTIIJIJIRIJ,IIOHHbIX IIJiaCTIIH, ab - IIOCTORHHhiii rrapaMeTp, 3aBIICRHIHii 

OT rrorpeIIIHOCTII KaJIII6pOBKII, rrpO,Il,OJibHOii yTeqKn 3HeprnH II T.,Il,. TpeThe CJiarae

Moe B Bbipa)KeHIIII (15), c/E, 3aBIICIIT OT IIIJMa 3JieKTpOHIIKII KaJIOpIIMeTpa, HO y Tile 

KaJiopnMeTpa IIIYM 3JieKTpOHIIKII oqeHb MaJieHbKIIii ~ 20 - 25 M3B na RqeiiKy, II rra

paMeTp C rrpene6pe)KIIMO MaJI. fpaq_)IIKII pa3peIIIeHIIR rrpn BCex Tl q_)IITIIpOBaJIIICb 

''bipa)KenneM (15) rrpu c = 0. 
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<l>yHKIJ,HH OTKJIHKa KaJiopnMeTpa na 3JieKTpOMarHHTHyIO Ee H a,I1;p01rnyro E;r co

CTaBJI.HIOIIJ;IIe a,I1;ponnoro JIHBH.H ,Il;aIOT BO3MO)KHOCTh onpe,Il;eJIHTh OTHOHieHne e/h, xa

paKTepHCTHKY, npncyIIJ,yIO KaJiopnMeTpaM, r,I1;e e H h 3q>q>eKTHBHOCTH OTKJIHKa na 

3JieKTpOMarHHTHyIO H a,Il;pOHIIYIO COCTaBJI.HIOIIJ,ne 3Heprnn JIHBH.H, COOTBeTCTBeHHO. 

<l>yHKIJ,H.H OTKJIIIKa KaJiopnMeTpa na 3JieKTpOHhI c 3Heprneii: E paBHa Ee = e • E. ,l(o

JI.H a,Il;pOHHOH COCTaBJI.HIOIIJ,eii: 3Heprnn B JIHBHe BO Bcex IIOKOJieHH.HX KaCKa,Il;a MO)KeT 

6hITh annpOKCHMHpOBaHa CTeIIeHHOH <PYHKIJ,Heii: n OIIHCaHa Bhipa)KeHneM: 

Jii = 1-fem = (E/Eor-1
, (16) 

IToJiy'IeHHhie <PYHKIJ,HH OTKJIHKa Ha Pnc. 13 6bIJIH napaMeTpH3OBaHhI HCIIOJih3J.H 

cJie,Il;yIOIIJ,ee Bhipa)KeHne: 

E e 
R=-E =fem+(l-fem)/-h, (17) 

e beam 

r,I1;e fem onpe,I1;eJI.HeTc.H Bhipa)KeHneM (16), napaMeTp q>nKCIIpOBaH Eo = 1 f3B, m 11 

e/h - CB060,I1;Hhre napaMeTphI. IToJiy'IeHHhie BeJIII'IIIHhI napaMeTpOB m II e/h cTe

neHHoii: annpOKCIIMau,nn 3JieKTpOMarHJITHOH ,Il;OJIH 3Hepr1111 B JIHBHe KaK <PYHKIJ,11.H 1J 
npnBe,Il;eHhI B Ta6JI. 5. 

,l(JI.H cpaBHeHH.H IIOJiy'IeHHhIX pe3JJihTaTOB C pe3yJihTaTaMJI, IIOJiy'IeHHhIMH B npe,Il;hI- I 

,Il;yIIJ,HX HCCJie,Il;OBaHJI.HX, rpaq>IIKH JIIIHeii:HOCTJI Ha P11c. 13 6bIJIII TaK)Ke napaMeTpII- Ii 

3OBaHhI CJie,Il;yIOIIJ,JIM Bhipa)KeHJieM: 

E 
R= eEbeam =c·(l-fem·(l-e/h)), (18) 

r,I1;e c II e/h - CB060,I1;Hhre napaMeTphI, a fem= 0.11 x ln(E) - annpoKCIIMau,na 3JieK

TpoMarHnTHOii: 3Hepr1111 B JIJIBHe B o6JiaCTH 10-100 f3B. Pe3yJihTaThI q>HTIIpOBaHJI.H 

rpaq>JIKOB 3HepreTn'IeCKOro pa3peHI.eIIJI.H H rpaq>HKOB JIIIHeii:HOCTJI JIOrap11q>MII'Ie-

CKOH annpOKCHMau,11eii: fem ,Il;JI.H 3KCIIepnMeHTaJihHhIX ,Il;aHHhIX II ,Il;aHHhIX MO,I1;eJI11po- i' 

BaHII.H KaK <PYHKIJ,HII 1J npnBe,I1;eHh1 B Ta6JI. 6. 

,l(JI.H cpaBHenua ,Il;aHIIhix CTB 2004 c ,Il;aHHhIMII TecT11pOBaH11.H Ha IIJ'IKe B 2003 
u B 1995 ro,I1;ax, KOr,Il;a MO,Il;yJIII a,Il;pOHHOrO KaJIOpIIMeTpa ycTaHaBJIIIBaJIIICh Ha IIJ'IOK 

OT,Il;eJihHO, 6bw np11MeHeH MIP K'(:rnTepIIii: na c11maJI B SCl (DM), 'IT06hl y,I1;aJIHTh 

co6bITJI.H, B KOTOphIX a,I1;pOHHhie JIHBHII Ha'InHaIOTC.H nepe,Il; a,I1;pOHHhIM KaJiopnMeT

poM, n co6bITII.H C o6paTHhIM pacce.HHIIeM 'IaCTIIIJ, 113 nepBoro CJIO.H a,I1;pOHHOro Ka

JIOpIIMeTpa, 'ITO ,Il;eJiaeT 3KCIIepJIMeHTaJihHhie ycTaHOBKII CXO)KJIMII. ITpII cpaBHeHIIH 

TOJihKO ,Il;aHHhie rrpII 1J = 0.35 B CTB 2004 COOTBeTCTBJIOT yrJiy B 20°, npII KOTopoM 

IIpOBO,Il;IIJIHCh TeCTIIpOBamrn B 2002 n 1995 rD,Il;aX. BbIJIII C,Il;eJiaHhI ,Il;OIIOJIHIITeJibllhie 

IIOIIpaBKJI Ha IIpO,Il;OJihHYIO yTe'IKY 3Hepr1111 Ha <PYHKil,IIII 3HepreTJI'IeCKOro pa3pe

HieHII.H KaK ,Il;JI.H ",Il;aHHhIX 2002, TaK n ,Il;JI.H ,Il;aHHhIX 1995 rO,Il;OB. ,II;aHIIhie <PYHKil,IIII 
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9KcnepnMeHTaJihHhIC • ,Il;aHHhie ,II;aHI!hie MO,Il;eJIIIpOBaHII.H 

1J m e/h m e/h 
0.20 0.82±0.049 1.33±0.097 0.79±0.032 1.49±0.053 
0.25 0.86±0.040 1.32±0.078 0.79±0.033 1.47±0.105 
0.35 0.83±0.056 1.34±0.108 0.76±0.034 1.54±0.113 
0.45 0.85±0.048 1.33±0.095 0.79±0.033 1.45±0.100 
0.55 0.84±0.050 1.34±0.098 0.77±0.036 1.48±0.114 
0.65 0.79±0.046 1.45±0.131 0.77±0.032 1.53±0.118 

Cpe,I1;Hee 0.83±0.020 1.35±0.042 0.78±0.014 1.49±0.042 

Ta6JIIIIJ,a 5: 3Ha'IeHH.H rrapaMeTpOB q>IITIIpOBaHIIH m II e/h ,Il;JIH <PYHKU,IIII OTKJIHKa 

KaJIOpIIMeTpa C napaMeTpn3au,11eii: fem= 1- (E/Eor-1 
rrpII pa3JIII'IHhIX 1J ,Il;JIH 3KC

nep11MeHTaJihHhIX ,Il;aHHhIX II ,Il;aHHhIX MO,I1;eJI11poBaHJIH. 

9Kcnep11MeHTaJihHhie ,Il;aHHhie ,II;aHHhie MO,I1;eJI11poBaHJIH 

1J a,(%) b, (%) e/h a,(%) b, (%) e/h 
0.20 57.2±7.9 3.9±0.8 1.23±0.077 56.6±7.7 4.2±0.8 1.33±0.063 
0.25 55.9±6.7 2.9±0.8 1.22±0.075 58.0±7.1 3.6±0.8 1.31±0.061 
0.35 54.9±6.9 3.1±0.8 1.25±0.095 52.7±7.0 3.8±0.7 1.34±0.063 
0.45 59.9±7.2 2.5±1.2 1.22±0.088 50.9±6.4 3.7±0.6 1.30±0.059 
0.55 47.9±7.6 4.2±1.0 1.24±0.086 50.6±6.2 3.6±0.6 1.32±0.064 
0.65 52.5±8.0 4.0±0.8 1.31±0.085 51.8±6.7 3.7±0.6 1.34±0.061 

Cpe,I1;Hee 54.7±3.0 3.4±0.37 1.25±0.035 53.4±2.8 3.8±0.28 1.32±0.025 

Ta6Jinu,a 6: ITapaMeTphr q>nTnpoBaHJIH an b <PYHKIJ,IIII 3HepreTJI'IeCKoro pa3peHI.eHJIH 

II e/h <PYHKIJ,HII OTKJIJIKa rroJiy'IeHHOro c anrrpoKCJIMau,11eii: fem= 0.11 - ln(E) rrpn 

pa3JIII'II!hIX 1J ,Il;JIH 3KCrrepm,1eHTaJihHhIX ,Il;aHHhIX II ,Il;aHHhIX MO,Il;eJIIIpOBaHJIH. 
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3HepreTI1qecKoro pa3pernemrn 1995 ro,n,a 6hIJIII TaK)Ke ,Ll,OIIOJIHUTeJibHO CKOppeKTIIpO

BaHbI Ha HaJIIIqIIe rrpOTOHOB B IIJ'IKe. ct>ynKIIIIR OTKJIIIKa KaJIOpm,ieTpa ,Ll,JIR ,n,amihIX 

TeCTIIpOBamrn 1995 ro,n,a 6uJia ,Ll,OIIOJIHIITeJihHO CKOppeKTHpOBana na rrpO,Ll,OJibHJIO 

yTeqKy 3Heprmr1. ct>ynKIIIrn 3nepreTwrecKoro pa3pernenIIR ,LJ,JIR ,n,aHnhrx l\IO,LJ,eJIIIpo

BanIIR 2002 ro,n,a 6hIJia ,Ll,OIIOJIIUITeJibHO CKOppeKTIIpOBaHa na rrpO,Ll,OJihHYIO yTeqKy 

3HeprIIII. IIpII 3TOM CIICTeMaTIIqecKIIe norpernHOCTII OT ,Ll,OIIOJIHIITeJibHhIX norrpaBOK 

Ha rrpOTOHhl n rryqKe n rrpO,LJ,OJihHYJO yTeqKy 3Heprun ,n,anHbIX 1995 II 2002 ro,n,on He 

yqHTbIBaJIIICb. KaK BII,Ll,HO na Puc. 15, <pyHKIIIIR OTKJIIIKa KaJIOpIIJ\!eTpa ,Ll,JIR ,n,aHHhIX 

CTB 2004 CHCTeMaTIIqecKII Bhrrne, •reM cpynKIIIrn OTKJIIIKa ,LJ,JIR ,n,aHHhIX 1995 II 2002 
ro,n,on rrpII6JIIl3IITeJibHO na neCKOJibKO rrpoIIeHTOB, B TO npeMR KaK pa3HIIIIa BeJIIIqm1 

<pyHKIIIIH OTKJIIIKa KaJIOpIIMeTpa ,Ll,JIJI ,n,aHUbIX MO,LJ,eJIIIpOBaUIIR 2004 n 2002 ro,n,on 

OTJIIIqaJOTCR Menee, qeM ua o,n,Iln rrpor~enT. KaK rroKa3ano n Ta6JI. 7 pa3HIIIIa Me)K

,n,y ,n,aHHhIMII 2004 ro,n,a II ,n,anHhIMII 2002 rropR,LJ,Ka 2%, a Me)K,n,y ,n,anHhIMII 2004 II 

1995 ro,n,on 2-4%. BeJII1qnuu rrapaMeTpon <pIITilponaHIIR m II e/h <pyHKIIIlii OTKJIII

Ka, IIOJiyqeHHh!X C arrrrpOKCIIMaIIIleii fpyMa (Groom) fem = 1 - (E / Eor- 1 II e/h C 

arrrrpoKCIIMaIIIIeii fem = 0.11 · ln(E) ,LJ,JIR ,n,aHUhIX 2002, 1995 II CTB 2004, II ,n,anuhrx 

IIX MO,LJ,eJIIlpOBaUIIR, rrpI1ne,n,enbI B Ta6JI. 9. O6e arrrrpOKCIIMaIIIIII IIMeJOT 6JIII3Kile ITO 

3uaqenIIJO BeJIIIqllllbI rrapaMeTpOB e/h KaK ,Ll,JIR ,n,anHhIX 2003, TaK II ,Ll,JIR ,n,aIIIIhIX 

2004 ro,n,on, n TO npeMR KaK BeJIIIqIIJibI rrapaMeTpOB ,Ll,JIR ,n,aHHhIX 1995 ro,n,a Bhillle 

ua 10-16%. ~JIR ,n,aHHhIX MO,LJ,eJIIiponamrn o6e rrapaMeTpII3aIIIIII, fpyMa II JIOrapII<p

MIIqecKaR, ,Ll,JIR ,n,aHHhIX 2004 ro,n,a Bhillle, qeM ,Ll,JIR ,n,aHHhIX 2002 ro,n,a Ha 7% II 10%, 
COOTBeTCTBeHHO. 

Cpe,n,nee rroJiyqeuuoe pa3pernenIIe n IIHTepnaJie ncen,n,o6hICTpOT OT 0.20 ,n,o 0.65 
panuo a /E = (54.7 ±3.0)%/✓Ef3B EB (3.4±0.37)%. Cpe,n,nee 3Haqe1rne rrapaMeTpa 

e/h = 1.35 ±0.042 c IICIIOJih30BanIIeM armpoKCIIMaIIIIII fpyMa (Groom). IIoJiyqemme 

pe3yJibTaThI B IIeJIOM xoporno corJiacyJOTCR C rrpe,LJ,hI,LJ,yIIIIIMII pe3JJihTaTaMII. 

B 3aKJIJOqeHIIII C<pOPMYJIIlpOBaHbI OCHOBHbie pe3JJib_'TaThI ,Ll,IICCepTaIIIIOHHOH pa-

60TbI: 

1. BnepBbie rrpIIMeueu HOBhIH KpIITepIIii ,Ll,JIR pa3,LJ,eJieHIIR rIIIIOTe3 0 3apR,n,e TOII

KBapKa B paMKax CTaH,n,apTnoii Mo,n,eJIII (CM) Qiop = +2/3 II "3K30TIIqecKoro" 

TR)KeJioro KBapKa, KOTOpbIH OTJIIIqaeTCR OT CM TOII-KBapKa TOJihKO 3apR,Ll,OM, 

T.e. Qexotic = -4/3. IIoJiyqennoe 3HaqeuIIe KpIITepIIR ,Ll,JIR CTau,n,apTHoii Mo-

Q
-(comb) 

6 ,n,eJIII nonls = -0.31 ± 0.04 II03BOJIReT C OJiblllIIM yponueM ,n,oc:ronepnOCTII 

pa3,n,eJIIITh 3apR,n, CM TOII-KnapKa OT 3apR,n,a TR)KeJioro KnapKa B paMiax "3K-

30TIIqecKoii" rIIIIOTe3bl y)Ke npII IIHTerpaJihUOH CBeTIIMOCTII 1 ¢6-1, IIOCKOJihKY 

"3K30TilqeCKIIii" CIIenapuii rrpe,n,rroJiaraeT rrpOTIIBOIIOJIO)KHOe 3naqeHIIe ill~:7:). 
1 

Ilp0,11;0.JlbHaR yTeqKa 3Heprirn He 6bI.Jia yqTeHa npII aHa.JIII3e ,11;aHHb!X 1995 ro,11;a. 
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Puc. 15: ct>ynKIIUII OTKJIIIKa KaJIOpIIMeTpa II ero 3HepreTIIqecKoro pa3perneHUR na IIII

OHbI ,LJ,JIR ,n,aHnhIX 2002, 1995 ro,n,on npII Tl= 20° II 2004 ro,n,a rrpII Tl= 0.35: a) <pJHK

IIIIR OTKJIIIKa ,LJ,JIR 3KCrrepIIMeHTaJihHhIX ,n,aHHhIX b) cpynKIIIIR OTKJIIIKa ,Ll,JIR ,n,aHHhIX 

MO,LJ,eJIIIpOBaHIIR C) <pyHKIIIIR 3HepreTIIqecKoro pa3perneHIIR ,Ll,JIR 3KCrrepnMeHTaJih

HhIX ,n,anHhIX d) cpynKIIIIR 3HepreTIIqecKoro pa3perneHIIR ,Ll,JIR ,n,aHUhIX MO,LJ,eJIIIpona

HIIR. C npI1MeHeHI1eM MIP KPIITepIIR ua CIIrHaJI B SCI (DM) ,LJ,JIR ,n,aHHhIX 2004 ro,n,a. 
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9KcrrepIIM( I ,IJ,aHHbie 
2002 1995 _(11)4 2004/2002 2004/1995 

20 0.833±0.012 0.817±0.005 0.04-5±0.013 1.014 1.034 
50 0.860±0.011 0.845±0.003 0.877±0.018 1.020 1.038 
100 0.872±0.007 0.869±0.007 0.888±0.020 1.018 1.022 
180 0.877±0.006 0.885±0.010 0.895±0.012 1.021 1.011 
300 - 0.903±0.002 -- - -

350 0.895±0.010 - 0.883±0.01 ~ 0.987 -

,1],attttbre MO,I1,em1p0Bamrn 
2002 2004 2004/2002 

20 0.828±0.002 0.819±0.012 0.989 
50 0.869±0.002 0.874±0.011 1.006 
100 0.885±0.001 0.889±0.012 1.005 
180 0.895±0.001 0.896±0.011 1.001 
350 0.905±0.001 0.907±0.012 1.002 

Ta6mn1,a 7: OTHOIIIeHIIe cpe,IJ,Hero 3Ha'leHIIll BOCCTaHOBJieHHOil: ,meprIIII IUIOHOB K 
3nepmII IIY'IKa (Erec/ Ebeam) B 3KCrreprIMeHTaJihHhIX ,IJ,aHHhIX 2002, 1995 II CTB 2004 lI 
,IJ,aHHbIX lIX MO,IJ,eJinpoBaHIIll. ,l],nn ,IJ,aHHbIX 2002 n 1995 ro,IJ,a norpeIIIHOCTII rrpIIBe,IJ,eHhI 1 

6e3 yqeTa CIICTeMaTIIqeCKIIX norpeIIIHOCTeii OT ,Il,OTIOJIHIITeJihHbIX nonpanoK. 

9KcrrepIIMeHTaJibHhie ,IJ,aHHbie 
2002 1995 2004 2004/2002 2004/1995 

20 12.66±0.26 12.76±0.21 12.68±1.95 1.002 0.994 
50 8.56±0.15 8.88±0.12 8.03±1.21 0.938 0.904 
100 6.72±0.36 6.43±0.08 6.61±1.09 0.984 1.028 
180 5.32±0.26 5.05±0.06 5.19±0.8 0.976 1.028 
300 - 4.15±0.05 - - -

350 4.25±0.19 - 4.09±0.7 0.962 -

,l],annhre Mo,n;eJIIIponanIIn 
2002 2004 2004/2002 

20 12.24±1.79 11.82±1.79 0.966 
50 8.52±1.26 8.72±1.26 1.024 

100 6.54±1.11 7.11±1.11 1.087 
180 5.47±0.86 5.78±0.86 1.057 
350 3.93±0.10 4.72±0.78 1.20 

Ta6JIIIIJ,a 8: <I>yttKIJ,Hll 3HepreTIIqecKoro pa3pemennn BOCCTanoBnemroii 3tteprirn mw
HOB (CJ'/ Erec, (%)) n 3KcnepnMenTaJihHhIX ,IJ,aHHhIX 2002, 1995 11 CTB 2004 n ,IJ,aHHhIX 
IIX M0,IJ,em1p0Ba1111n. ,l],nn ,IJ,aHHhIX 2002 II 1995 ro,IJ,a rrorpeIIIHOCTII IIpIIne,IJ,eHbI 6e3 
yqeTa CIICTel',IaTIIqeCKIIX norpemHOCTeii OT ,IJ;OIIOJIHIITeJihHbIX IIOnpaBOK. 
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9KcrrepnMeHTaJihHhie ,n;aHHhie ,l],annhre MO,Il,eJIIIponamrn 
2002 1995 2004 2002 2004 

e/h 1.34±0.07 1.58±0.04 1.36±0.13 1.42±0.01 1.57±0.16 
m 0.86±0.03 0.77±0.01 0.82±0.07 0.80±0.04 0.75±0.04 

9KcrrepnMeHTaJibHhie ,n;aHHhie ,l],annhre Mo,n;enuponanun 
2002 1995 2004 2002 2004 

e/h 1.22±0.06 1.40±0.02 1.26±0.11 1.27±0.01 1.36±0.08 

Ta6nnIJ,a 9: BennqIInhr rrapaMeTpon q>nTnponaHirn m II e/h q>ynKIJ,IIn OTKJinKa, rrony
qemlble c annpOKCIIMaIJ,neii rpyMa (Groom) fem= l-(E/Eor-1 (BepXHllll Ta6JIIIIJ,a) 
II e/h c arrnpoKCIIMaIJ,IIeii fem= 0.11 · ln(E) (nIIMirnn Ta6JinIJ,a), ,n;nn ,n;annhrx 2002, 
1995 II CTB 2004 II ,n;annhIX IIX MO,Il,eJIIIpoBaHIIll. ,l],nn ,n;annhrx 2002 II 1995 ro,n;a 
rrorpeIIIHOCTII HpIIne,n;eHbI 6e3 yqeTa CIICTeMaTII'IeCKIIX norpeIIIHOCTeii OT ,Il,OTIOJIHII
TeJibHhIX norrpaBOK. 

2. OIJ,eneno MunnMaJihnoe ceqenIIe poM,n;enun ti=pe3onanca, n03BOJillIOIIJ,ee 3ape
rIICTpIIponaTb ero B ycnonu.Hx 3KcrrepnMenTa ATJIAC n "nenTOH-CTpyiinoM" 
Kanane na yponne ,Il,OCTOBepnocTu 5<J npII pa3Jiuqnhrx 3naqeuunx IIHTerpaJib
noii cneTIIMOCTII LHC KaK c b-T3rrrrnroM, TaK II 6e3 nero. 

3. Bnepnbre rrpoBe,n;eno IIccne,n;oBanIIe B03MOMHOCTu na6nro,n;enIIn rnrouno n EGRET 
o6nacTII. KpoMe ocnonnux uccne,n;onanIIii rro na6nro,n;enIIIO B EGRET o6nacTu 
(c m1;2 = 180 r3B), 6bIJia uccne,n;onana B03M0)KH0CTb pa3,n;eJIUTb Pa3JIII'IHhie 
3naqeuun napaMeTpa m1; 2 = 170, 180 II 190 r3B. Hccne,n;onanIIn noKa3anu, qTo 
3TII napaMeTpbI MOryT 6bITb pa3,n;eJieHbI na YPOBHe CTaTIICTnqecKoii 3HaqnMO
CTII 6onee 3<J yMe rrocne 3 neT pa6oThI LHC npu HII3Koii CBeTIIMOCTII (1033 
CM-lc- 1). 

4. IlpoBe,n;en anaJIII3 ,n;aIIHhIX TeCTIIpOBaHirn cerMenTa IJ,enTpaJibHOii qacTU ycTa
HOBKII ATJIAC. H3Mepenhr q>yHKIJ,IIII OTKJIIIKa II 3nepreTn'IeCKoro pa3pemenIIn 
a,n;ponnoro KaJIOpIIMeTpa na IIIIOHbI B IIHTepBaJie 3Heprnii OT 20 ,Il,O 350 r3B C 
yqeTOM nocne,n;nux KaJIII6poBoqnhrx ,n;annhrx. Ilony'Iennoe cpe,n;nee pa3peme
nne paBno CJ' /E = (54.7 ± 3.0)%/JEr3B EB (3.4 ±0.37)% B IIHTepnane rrcen,n;o-
6brcTpOT OT 0.20 ,n;o 0.65. Cpe,n;nee 3Ha'Ienne rrapaMeTpa e/h = 1.35 ± 0.042 c 
IICIIOJib30BanneM annpOKCIIMaIJ,IIII rpyMa (Groom). 

5. BnepBhie ,n;eTaJibHO IICCJie,n;oBano BJIIIllIIIIe 3HepreTnqecKIIX TIOTepb B naccun
HOM BeIIJ,eCTBe MeM,n;y 3JieKTpOMarnIITHhIM Il a,Il,pOHHhIM KaJIOpIIMeTpaMn C rro
MOII],bIO CIJ,IIHTIIJIJillTopa SCl, pacnoJioMennoro MeM,n;y 3TIIMII KaJIOpIIMeTpaMu, 
na q>yHKIJ,IIII OTKJIIIKa II 3HepreTnqecKoro pa3pemennn a,n;ponnoro KaJiopnMeT
pa B OT06pannhIX co6bITIIllX. 
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