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Pa6oTa BbIIlOJIHeHa B Jia6opaTOpHH q>H3HKH qacTHll, O6'be,U,HHeHHOrO 

HHCTHTyra .H,U,epHbIX HCCJie,u,oBaHHfi 

Hayt.JHbIR pyKOBO,lJ,HTeJib 

,U,0KT0p q>H3HKO-MaTeMaTHt.JecKHX uayK KEKEJil1,1J.3E 

npocpeccop BJia,U,HMHp ,lJ.MHTpHeBH'-1 

Ocpmi;HaJibHbie onnmieHTbI: 

,u,oKT0p q>H3HKO-MaTeMaTHt.JecKHX uayK BOOC 

npocpeccop 9,u,yap,u, 9pHCTOBH'-I 

,u,oKT0p q>H3HKo-MaTeMaTHt.JecKHX uayK Hl1Kl1Tl1H 

npocpeccop BJia,U,HMHp AJieKceeBH'-1 

Be,u,yrn,ee Hayt.JHO-HCCJie,u,oaaTeJibCKOe yqpe:>K,U,eHHe -11:HCTHTYT .H,u,ep

HbIX HCCJie,u,oaaHHfi PAH 

3arn,HTa COCT0HTC.H "---"--------- 2007 r. Ha 3ace-

,u,aHHH ,lJ,HCcepTall,H0HH0r0 ,~oBeTa _____ · npH Jia6opaTOpHH cpH-

3HKH qacTHll, O6'be,U,HHeHHOro HHCTHTyTa .H,U,epHbIX HCCJie,U,OBaHHR, ,1J.y6-
Ha, MocKOBCKa.H o6JiaCTb 

C ,lJ,HCCepTau,Hefi M0:>KH0 03HaK0MHTbC.H B 6H6JIHOTeKe JIB9 0115111. 

AaTOpecpepaT pa30CJiaH "---"------- 2007 r. 

Y t.JeHhifi ceKpeTapb -~ ~KPl1BOX11)Kl1H 

,lJ,HCCepTall,H0HH0r0 C ;a(jrr BaCHJIHfi reHHa,U,beBH'-1 

OBil\A.H XAPAKTEPl1CTl1KA PABOTbl . 

· OTKpbIToe B 1964 ro,u,y .HBJiemrn C P-ttapyrneHH.H HrpaeT u,eH

TPa.JihHYIO poJih B q>H3HKe BhICOKHX attepruti. 11HTepec K 9TOMY .HBJieHHIO, 

oco6eHHO K acpcpeKTaM np.HMoro C P-ttapyrneHH.H, o6ycJIOBJieH B03MO:>K

HOCTbIO nocpe,U,CTBOM ero HCCJie,U,OB~HH.H BblIIOJIHHTb KOJIH'-leCTBeHHbJe 

npoBepKH CTatt,u,apTHOti: Mo,u,eJIH (CM)r a TaK:>Ke pa3JIH'-IHhIX rHIIOTe3 

3a ee npe,u,eJiaMH. KpoMe Toro, 3TOT acpcpeKT .HBJI.HeTC.H Ba:>KHhIM ycJio

BtteM ,n;mr o6'b.HCHeHH.H 6apHoreHe3ttCa H 9BOJI!Oll,HH BceJieHHOH B COBpe

MeHHbIX KOCMOJIOrHqecKHX MO,U,eJI.HX. Ilo9TOMY HCCJie,U,OBaHtte Ka:>K,n;oro 

B03MO:>KHoro ero npO.HBJieHH.H .HBJI.HeTC.H. tpytt,n;aMeHTa.JlbHOH q>H3H1:JeCKOH 

3a,11,aqefi. 

B kaOHHOH q>H3HKe IIOMHM0 y:>Ke H3MepeHHoro napaMeTpa c' / c B 

pacna,n;ax K L,S -t 27f, Hatt6onee nepcneKTHBI!bIMH ,lJ,OIIOJIHHTeJihHbI

MH BeJIH'IHHaMH, B H3MepeHH.HX KOTOpbIX MO)K€T. IIpO.HBJl.HTbC.H acpq>eKT 

np.HMoro CP-IiapyineHH.H, .HBJI.HIOTC.H napu,Ha.nbHbie Bepo.HTHOCTH f11M

no,n;aBJteHHhIX pacna,n;oB C yqacTI-IeM Heii:Tpa.JibHbIX TOKOB C H3MeaeHHeM 

cTpamtocTH (K - 1rvv), a TaK:>Ke 3ap.H,n;0Baa acHMMeTpH.H B pacna,u,ax 

K+ H K- Ha TPH ITHOHa. 

LI;eJib ,lJ,HCCepTall,HOHHOii: pa60Tbl - npell,H3H0HHbIH 9KCIIepHM€HTaJih

HbIM noHCK np.HMoro CP-HapyrneHH.H B pacna,n;ax K± - 1r±1r01r0 . Pa6o

Ta BhIIIOJIHeHa B paMKax aKcnepHMeHTa NA48/2, rtpoBe,n;eHHoro Ha ycKo

PHTeJie SPS B EBponeii:CKOM u,ettTpe .H,n;epHbIX nccJie,u,oBaHHii: (IJ;EPH, 

)KeHeBa). IloJiy<IeHHbJe pe3yJibTaTbI OCHOBaHbl Ha aHa.JIH3€ peKop,n;Hoii 

CTaTHCTHKH - 91 . 106 peKOHCTpyHpo~aHHblX II OT06paHHbIX pacna,n;oB 

HCCJie,u,yeMoro TI-ma. 

Hay'!Ha.H HOBM3Ha HCCJie,n;oBali:M.H. 

C iraHBblCllleii TOqHOCThIO, npeBOCXO,D;.HIU,eti: 6oJiee, qeM Ha nop.H,D;OK 

HMeIOI.IJ,HeC.H 9KCIIepHMeHTa.JlbHbJe pe3YJibTaTbI, H3MepeH napaMeTp IIp.H

Moro C P-HapyrneHH.H Ag ( ~ 10-4) B K± - 1r±1r01r0-pacna,n;ax. ,ll;o

CTHrHyTa.H TOqHOCTb o6ecneqeHa 3a cqeT npHMeHeHmI pa3pa6oTaHHOI'O 

npHHll,HIIHa.JlbHO HOBOro MeTo,n;a COKparn,eHH.H OCHOBHblX CHCTeMaTHqe

CKHX acpcpeKTOB. IloJiyqeHttoe 3HaqettHe Ag cornacyeTca c npe,n;cKa3a

HH.HMH CM, a Bh1c0Ka.H ToqHoCTh ero H3MepeHH.H BIIepBhie npe,n;cTaBJI.H

eT HHTepec C TeopeTHl:JeCKOM TOqKH 3peHH.H ,D;Jl.H KpHTHqecKoro aHa.JIH-
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3a p5I,rr,a TeopeTirqecKHX Mo,rr,eneit Bonee rny6oKoe II0ltMMaHHe cTpyK

TYPhI ,11,aJIHq-nnoTa ,11,JI5I K± - 1r±1r01r0-pacna,rr,oB II03BOJI_HJIO Bnep
Bhie H3MepHTb C P-HapyrnaIOil\Htt napaMeTp C yqeTOM acpcpeKTOB 7["7r

IIepepacce5IHH5I. 

IlpaKTHqecKa5I qeHHOCTh pa60TbI. 

Pe3yJibTaTbI BbIIIOJIHeHHOtt pa6oTbI 5IBJI5IIOTC5I CYil\eCTBeHHbIM 3BeHOM 
B ilrnpoKott 9KCIIepHMeHTaJibHOtt nporpaMMe KPYIIHettrnHX Jia6opaTOpHtt 

MHpa (9KCIIepHMeHTbI·no <pH3HKe KaOHOB, B-Me30HOB, T-JieIITOHOB H, B 

nocne,rr,Hee BpeM5I - iiettTpHHO) no npeqH3HOHHOtt npoBepKe CM H no

HCKY acp<peKTOB 3a ee npe,rr,eJiaMH. Ha OCHOBe BbIIIOJII:ieHHbIX H3MepeHHtt 
MoryT 6bITb npoBe,rr,eHbI TeopeTHqeCKHe paccqeTbI, B pe3yJihTaTe K0TO
pbIX IIOJiyqeHbI HeTpHBHaJibHbie orpaHHqeHH5I Ha rrapaMeTpbI OT,11,eJih

HbIX pacrnHpeHHtt CTaH,rr,apTHott Mo,rr,eJIH, rrpe,rr,cKa3bIBaIOil\HX ycmieHHe 

C P-HapyrneHH$I. Ilpe,rr,cKa3aTeJihHa5I CHJia pe3yJihTaTa 6y,4eT pacTH no 
' 

Mepe pa3BHTHR TeopeTHqecKHX MeT0,11,0B pacqeTa a,rr,poHHhIX norrpaBoK, 

3aTpy,11,HRIOil\HX B HaCTORil\ee BpeMR CBR3h Ag C. cpyH,rr,aMeHTaJibHbIMH 
napaMeTpaMH TeopHH. 

Pa3pa6oTaHHhitt MeTo,rr, H3MepeHH5I 3apR,11,0Boii acHMMeTpHH, a TaK
)Ke npe,rr,JIO)KeHHaR cxeMa C)KaTHR ,rr,aHHbIX IIpH pa6oTe co CTaTHCTHKOtt 

IIOpR,11,Ka 109 co6hITHtt, MOryT 6hITb HCIIOJib30BaHbI B 6y,rr,yil\HX npeqH3H
OHHbIX 9KCIIepHMeHTax ITO <pH3HKe qacTHq. · 

Arrpo6aqHR pa6oThI. 

OcttOBHhie pe3yJihTaTbI ,11,HCCepTaqHH 6bIJIH npe,rr,cTaBJieHbI aBTOpOM 
' . . . ' 

• Ha CeMHHape EBponettcKoro qeHTpa R,rr,epHbIX HCCJie,11,0BaHHtt ()Ke

HeBa, IllBettqapHR, 1 HOR6pR 2005 r.); 

• Ha PoqecTepcKott KoHcpepeHqHH <<International Conference of High 
Energy Physics>> (MocKBa, PocCHR, aBrycT 2006 r.); 

' 
• Ha Me)K,rr,yHapo,rr,Hott KOH<pepeHqHH «13th Lomonosov Conference on 

Element~ry Particle Physics>> (MocKBa, PoCCHR, aBrycT 2007 r.); 

• Ha Me)K,rr,yHapo,lJ,HOtt KOHcpepeHqHH <<Les Racontres de physique de 
la vallee d'Aoste>> (Jia TIOHJih, lhanHR, MapT 2007 r.); 
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• Ha Me)K,rr,yHapo)J,HOtt KoHcpepeuqHH <<Quarks 2006>> (CaHKT IleTep-

6ypr, PoccHR, Matt 2006 r.); 

• Ha ceMHHape JI<I>q OI15II1 (,lzy6Ha, 24 HOR6pR 2005 r.); 

• Ha EBponettKott IIIKOJie no <pH3H°Ke qacTHq (CToKrOJihM, IllBeqHR, 

Matt 2006 r.); 

• Ha coBeil\aHHH Me)K,rr,yHapo,rr,Hott Konna6opaqHH 9KCqAPM (Ua

peBo, BonrapH5I, ceHrn6pb 2005 r.); 

• MHOrOKpaTHO Ha COBeil\aH'irnx Me)K,ilyirnpo~HOtt KOJIJia6opaqHH 

NA48/2. 

OcHOBHbie pe3yJihTaThI BbIIIOJIHeHHbIX HCCJie)J,OBaHHtt ony6JIHKOBaHbI B 
pa6oTax [1]-[6]. · · 

CTpyKTypa ,rr,HccepTaqHH. 

,L(ttccepTaqHR COCTOHT H3 BBe,rr,eHHR, IIRTb rJiaB, 3aKJIIOqeHHR H CIIHCKa 

~HTHpyeMOtt JI~TepaTyphI, co,rr,ep)Kail\ero 85 HaHMeHOBaHHR. ,L(Hccep-ra

qHR H3JIO~eirn Ha 153 CTpaHHqax, ~KJIIOqaIOil\HX 76 HJIJIIOCTp~qHtt tt 20 

Ta6JIHq. 

CO,L(EP)KAHME PABOTbl 

Bo 66eae'H,UU ccpopMyJIHpOBaHa qeJib )J,HCCepTaqHOHHOtt pa60TbI, o6oc

HOBaHa, aKTYaJibHOCTb BbIIIOJIHeHHOrO HCCJie)J,OBaHHR, IIOKa3aHa HayqHaR 

HOBH3Ha pa60TbI H OIIHCaHa CTPYKTypa ,11,HCCepTaqHH. 
• > , ' 

JI epea,11, ZJ/,a6a CO)J,ep)KHT KpaTKOe TeopeTHqecKoe BCTYIIJieHHe, BKJIIo

tiaIOil\ee B ce6R ofoop octto~HhIX ,11,HCKpe'iHhIX CHMMeTpHtt B q>M3HKe 9Jie
MeHTapHbIX qaCTHq, o6cy)K)J,eHHe HCTOpHH HCCJie,11,0BaHHR C P-HapyIIIeHHR 

H IIpHqHH,- IIO KOTOpbIM npe)J,CTaBJIRIO; HHTepec HaCTORil\He H 6y,rr,yil\~e 
Hccne,rr,oBaHHR B aTott o6nacTH, o6cy)K,rr,eHHe MexaHH3Ma CP-HapyIIIeHHR 
~ · CTaH,rr,apTttott Mo,1J,eJIH; ,rr,eTaJihHOe ero paccMOTpeHHe B npHMeHeHHH 

K pacna,rr,aM K± - 31r'. 06cy)K,1J,aIO'l'C~ TaK:>Ke Cyil\eCTBYIOil\He 3KCIIepH
MeHT8JibHbie ,rr,aHHbie H' nepcneKTH~hI IIOHCK~ acpcpeKTOB rrpRMOro C P
HapyIIIeHHR B pacna)J,ax K± - 31r. 
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KBa,n;paT MaTpwrnoro 3JieMeHTa pacna,[\OB K± --+ 3rr 06b1tJHO npe,n;

CTaBm1eTc51 B BH,n;e IlOJIHHOMHaJibHOro pa3JIO)KeHH51 no ,IJ,ByM JIOpeHI_\

HHBapHaHTHbIM nepeMeHHblM u H v: 

IM (u, v)f <X 1 + gu + hu2 + kv2 + ... , 
r,JJ,e lhl, lkl « jgj - napaMeTpb1, a 

U = S3 - So 

m2 ' 
11" 

V = S1 - S2 

m2 ' 
11" 

(1) 

(2) 

r,JJ,e m1r - Macca 3ap51)KeHHoro nHoHa, Si = (PK - Pi)2
, so = E sif 3 

(i = 1, 2, 3), PK 0 Pi - tJeTbipex-HMilYJibCbl KaOHa H i-ro IlHOHa, COOTBeT

CTBeHHO. I1H,JJ,eKC i = 3 COOTBeTCTBYeT HetJeTHOMY IlHOHy1. ITapaMeTp 

np51Moro CP-Hapywemrn onpe,JJ,eJieH B BH,JJ,e: 

+ -
A - g - g (3) 

g - g+ + g-' 

r,JJ,e g+ - JIHHeilHblH K03<pq>HU,HeHT B {1) ,l],JI51 pacna,JJ,OB J(+' a g- - ,l],JI51 

pacna,JJ,OB K-. 0TKJIOHe1rne Ag OT HYJI51 51BJI51eTc51 npH3HaKOM np51Moro 

CP-Hapyrnemrn. · 

HecKOJibKO 3KCnepHMeHTOB npoBeJIH IlOHCK TaKOH aCHMMeTpHH C TO'I

HOCTblO Ha ypOBHe 10-3 ,l],JI51 o6enx THilOB pacna,JJ,OB K± --+ 7r±7r+7r- H 

K± --+ rr±rr
0
rr

0
, n noJiytJHJIH HyJieson pe3yJihTaT. ITpe,JJ,CKa3aHH51 CM 

,ll;Jl51 Ag HaXO,l],51TC51 Ha ypoBHe HeCKOJibKO e,JJ,HHHU, X 10-5' 0,1],HaKO HeKo

TOpbie TeopeTH'IeCKHe pactJeThI, BhlilOJIHeHHbie 3a npe,JJ,eJiaMH CM, He 

HCKJIIOtJaIOT cyiu,ecTBeHHoro ycnJieHH51 CP-HapyrneHH51 n, cJie,JJ,oBaTeJib

Ho, 60JiblIIOH aCHMMeTpHH, KOTOpa51 MOrJia 6b1 6bITh o6Hapy)KeHa B cne

U,HaJibHOM ,[\OCTaTO'IHO 'IYBCTBHTeJibHOM 3KCnepnMeHTe, HaU,eJieHHOM Ha 

HCCJie,JJ,OBaHHe TpexnHOHHblX pacna,n;oB 3ap51)KeHHbIX KaOHOB. 8Kcnepn

MeHT NA48/2 Ha SPS 11,EPH 6hIJI cnpoeKTHpoBaH HMeHHO c 3TOil u,eJihIO. 

Ha6op ,JJ,aHHbIX s 3KcnepHMeHTe 6hIJI ocyiu,ecTBJieH B 2003 n 2004 ro,JJ,ax. 

Bo Bmopou 2.11,aBe onucaH 3Kcnep"MeHT NA48/2 - nytJKOBa51 JIHHH51 

H KOMnJieKC ,JJ,eTeKTOJ>OB. HaH60Jiblllee BHHMaHHe y,n;eJI51eTC51 3JieMeH

TaM, cyiu,eCTBeHHbIM /Vl}I H3MepeHH51 3ap51,JJ,OBOfi aCHMMeTj:>HH B pacna

,JJ,ax K± --+ rr±rr0rr0 . 

1
OCT3JlbHble ,11,Ba (qeTJfblC) rmona HMCIOT 0,I.IHH3K0Bble 33p>I,llbl 
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0 50 ,ao-'·Jiio 

•' ,, ,, 
•' •' ,, ,, 

tttiri+ 
Sptctromelli 

'['111'' 1·H 
rem 

250m 

Puc. 1: CxeMa ny'IK0B0it JIHHHW3KcnepHMeaTa NA48/2 (TAX17,18 - no,!UIH)KHble K0JIJIHMaTO
pbl, 11cnoJib3yeMbie ,ll,1IH cpopMHpoaaum1 Tpe6yeMoro HMnyJibCHoro cneKTpa ny'!Koa; DFDF - cpo
Kycupy10w,11e KBa.zq>ynoJibHble MarHHTbl; KABESl-3 - CTaHD.HH cneKTpoMCTpa KaoHaoro ny'IKa), 
pacna,z:uioro OO'beMa u .u.ereKropa (DCHl-4 - .u.peitcpoable KaMepbl, Hodo - CD,HHTHJIJIHD.HOHHblit 
ro.u.ocKon, LKr - )KH,ll.K0KpHnT0H0Bbiit 3JICKTpoMaI'HHTHblit KMOJ>HMCTp, HAC - a.zq>OHHblit KM<>
pHMeTp, MUV - MIOOHHblit ,ll.eTeKTOp) •·· BepTHKMbHblit MacwTa6 pa3JIH'laeTCH B JICBOit H npaBOit 
'!aCTHX CXCMbl. 

,ll;JI51 ,l],OCTH)KeHH51 3anJiaHHpOBaHHOil TO'IHOCTH npH H3MepeHHH napa

MeTpa Ag ( ~ 2 . 10-4) Ba)KHeilrnHM ycJIOBHeM, Il03BOJI51l0Iu,HM MHHHMH-

3HpOBaTb B03MO)KHbie CHCTeMaTH'!eCKHe Heonpe,n;eJieHHOCTH, 51BJI51eTC51 

co6nio,il,eHHe MaKCHMaJihHO B03MO)KH0il CHMMeTpHH npn perHCTpau,nn 

pacna,n;os K+ H K-. 8THM onpe,n;eJI51eTC51 cTpaTerH51 Bb16opa nytJKO

son JIHHHH, ,JJ,eTeKTOpOB, Ha6opa ,JJ,aiiHhIX H HX aHaJIH3a. YHHKaJihHa51 

nytJKOBa51 JIHHH51, COCT051Iu,a51 H3 ,n;syx 0,1],HOBpeMeHHbIX ny'IKOB tJaCTHU, C 

npOTHBOilOJIO)KHbIMH 3HaKaMH 3ap51,JJ,a, 6bIJia cnpoeKTHpOBaHa H IlOCTpo

etta B 3aJie BhICOKOH HHTeHCHBHOCTH (ECN3) SPS 11,EPH. 0,n;HospeMeH

Hhiil tta6op ,JJ,aHHhIX ,JJ,JI51 pacna,n;os K+ H K-, a TaK)Ke nepno,JJ,HtJecKoe 

(,n;ocTaTO'IHO qacToe) nepeKJIIO'!eHHe Bcex MarHHTHhIX IlOJieil Il03BOJIHJIH 

,ll;OCTH'Ib cyiu,eCTBeHHOro COKpaiu,eHH51 OCHOBHbIX B03MO)KHbIX CHCTeMa

TH'!eCKHx· 3cpq>eKTOB npH H3MepeHHH Ag. 
CxeMa nytJKOBOtt JIHHHH H ,n;eTeKTOpOB IlOKa3aHa Ha pnc. 1. ,ll;JI51 OilH

caHH51 yCTaHOBKH HCilOJih3YeTC51 npaBafl opTOrOHaJihHa51 CHCTeMa KOOp

,l],HHaT c ocbio Oz, Hanp~BJieHHOfi B~OJih nytJKOBOA JIHHHH, n oc10 Oy, 
ttanpaBJieHHOii sepTHKaJibHO eeepx. ITone B u,eHTpe cneKTpOMeTpH'IeCKO

ro Mar~HTa (cM. HH)Ke) HaIIpaBJieHO napaJIJieJihHO HJIH aHTHnapaJIJieJib

HO ocn Oy. ITytJKOBa51 JIHHH51 n ,n;eTeKTOphI pacnoJIO)KeHbI CHMMeTpH'!HO 
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OTHOCHTeJihHO ocH Oz. 
IJyqKH 3apa)KeHHhlX KaOHOB pO)KAaIOTCH npH B3aHMO.riefiCTBHH Bhl

BeAeHHoro npoToHHoro nyqKa SPS 400 r3B c 6epHJIJIHeBofi MmneHhIO, 

npeACTaBJIHIOrn;efi l:13 ce6f! l\HJIHHAP AHaMeTpOM 2 MM H AJIHHOfi 40 CM, 

pacnOJIO)KeHHhlfi BAOJib OCH nyqKa. I1MiiyJihCHhifi cneKTP nyqKOB onpe

AeJiaeTCH 3apa~OBO CHMMeTpH9:HhIM "cnoco6oM, C nOMO~hlO CHCTeMbl qe-
/ 

Tbipex OAHHaKOBblX nocJieAOBaTeJibHO pacnOJIO)KeHHhlX AHnOJibHhlX Mar-

HHTOB C qepeAJIOUJ;efica nOJIHpHOCTblO H C HyJieBbIM CYMMapHblM HH

TerpaJIOM MarHHTHOro nOJIH (TaK Ha3hIBaeMoro <<axpoMaTa>> ), KOTopaa 

pacrn;enJiaeT noJIO)KH_TeJibHhlfi H OTpm~aTeJihHhlfi nyqKif B BepTHKaJih

HOfi nJIOCKOCTH, a 3aTeM COeAHHHeT HX Ha o6rn;efi OCH. HoMHHaJibHhlfi 

HMnyJihC nyq1<0B COCTaBmieT (60 ± 3) r3B/c. ,l(anee nyqKH npoxojaT 

CHCTeMy H3 qeTbipex -KBaApynOJibHhlX MarHHTOB, KOTopaa 3apHAOBO

CHMMeTpHqHhlM o6pasoM cpOKYCHpyeT nyqKH B BepTMKaJihHOfi H _ropH-

30HTaJihHOfi nJIOCKOCTHX C l\eJihlO AOCTH)KeHHH HX MHHHMaJibHOro no

nepeqHoro pa3Mepa B o6JiaCTH 3KCnepHMeHTa]IhHOfi ycTaHOBKH. ,l(anee 

pacnoJiaraeTCH BTOpofi axpoMaT, B KOTOpOM pasMern;ettbl CTaHl\HH cneK

TpOMeTpa KaoHoB (KABES) --:- AeTeKTopa AJIH H3MepettHH HMnyJihC~ qa
CTH~ rryqKa. 

IIocJie BToporo axpoMaTa o6a rryqKa pachpocTpatta10Tca no OAHOMY 

H TOMY )Ke nyTH. IIocJie npoXO)KAeHHH cepHH KOJIJIHMaTopoB OHH BXOAHT 

B pacnaAHhlfi o6'beM, npeACTaBJIHIOUJ;Hfi H3 ce6a l\HJIHHApHqecKHfi BaKy

YMHhlfiCOCYA AJIHHOfi 1_14 M, ,D,HaMe;poM 1, 92 MB_ HaqaJihHOfi ero qacrn 

(AJIHHOfi 65 M), H 2, 40 M - B KOHe_qHofi qacTH. 3a l\HKJI YCKOpHTeJIH Ha 

MHlll~Hh nonaAaeT 7 . 1011 npOTOHOB, npH 3TOM IlOTOKH; nOJIO)KHTeJih

HhIX ( OTpH~aTeJihHh1:X) qacrn~ Ha BXOAe B pacnaAHhifi o6'heM cocTaB

JiflIOT 3, 8 • 1()7 (2, 6 • 107
) qacTH~ 3a ~HKJI, lf3 KOTOphIX 5, 7 % (4, 9 %) 

HBJIHIOTCfl J(+ (K-)'. 0THOmeHHe HHTeHCHBHOCTefi IlOTOKOB K+ / K- co

CTaBJIHeT OKOJIO 1, 8. B BaKyyMHOM o6'beMe pacnaAaIOTCH OKOJIO 22 -% . ' , . 

KaOHOB. 

PeKoHcTpyK~Hfl K± -+ 1r±1r01r0 ,npoBOAHJiacb · Ha octtoBe HHcpopMa

~HH, noJiyqeHttofi c MarttHTHoro c11e:KTpoMeTpa H c )KHAKOKpHnTOHOBO

ro 3JieKTpoMarHHTttoro KanbpHMeTpa (LKr). Cn~KTpoM~TP pacnoJio:>KeH 

B reJIHeBOM o6'beMe npH aTMOCcpepHOM AaBJieHlflf, OTAeJieHHOM OT Ba

KYYMHOro pacnaAHOro o6'beMa TOHKMM (b, 003i pa;:i;ua~HC)HHOfi AJIHHbI) 
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KeBJiapOBhlM OKHOM. 9epes geHTp cneKTpOMeTpa (H Bcex OCTaJihHhIX Ae

TeKTOpOB) npOXOAlfT TOHKOCTeHttaa aJIIOMHHHeBaH nyqKoBaa Tpy6a AHa

MeTpOM OKOJIO 16 CM, n03BOJIHIOUJ;aH HepacnaBilIHMCH qacTHgaM nyqKa 

H MIOOHHOMY rano OT pacnaAOB 1r± -+ µ±v H K± -+ µ±v pacnpocTpa

ttiThCH B ;')TOH Tpy6e ( OTAeJieHHOH C BaKyyMHhlM o6'beMOM) He 3arpy

:>Kaa AeTeKTop. ,[(Be APeti:q>OBhie KairnphI (DCHl H DCH2) ttaXOAHTca 

AO, H ABe (DCH3 H DCH4) - nocJie l);HilOJihHoro cneKTpoMeTpHqecKoro 

MarHHTa, KOTOpblfi OTKJIOHHeT 3apa:>KeHHhie qaCTHl\hl B _ ropH30HTaJib

HOfi nJiocKOCTH, nepeAaBaa HM AOilOJIHHTeJihHhifi HMnyJihC BAOJih OCH Ox 
OKOJIO 120 M3B /c. I1Ml1YJibCHOe paspellleHHe cneKTpOMeTpa COCTaBJIHeT 

ap/P = 1, 02% EB 0,044%p (rAe p Bbipa:>KeHO B r3B/c), 

IJocJie MarHHTHOrO crreKTpOMeTpa no nyqKy pacnoJiaraeTCH Cl\HH~ 

THJIJIHl\HOHHhifi rOAOCKOn, COCTOHUJ;HH H3 nJIOCKOCTH ropH30HTaJihHhlX 

H -nJIOCKOCTH BepTHKaJihHhlX nOJIOC. cgHHTHJIJIHgHOHHhIX cqeTqHKOB. Ott 

HCnOJih3yeTCH KaK HCTOqHHK CHrHaJIOB OT 3apa:>KeHHhlX qaCTH~ B CHCTe

Me 3anycKa'yCTaHOBKH ( <<TpHrrepa» ). 

B KaqecTBe )KHAKOKpHnTOHOBOro KaJIOpHMeTpa (LKr) ncnOJih3yeT

CH KBa3HrOMOreHHaH HOHH3agnOHHaH KaMepa C aKTHBHhIM o6'beMOM 10 
M3 :>KHAKOrO KpHnTOHa, COCTOf!UJ;aH H3 13248 npoeKgHOHHhlX 51qeeK pas

MepOM 2 x 2 CM2 Ka:>KAaf!J o6pa3oBaHHhIX CHCTeMoti: Gu-Be JieHTOqHhIX 

3JieKTPOAOB 6e3 npOAOJihHOti: cerMeHTagHn. KanopHMeTp HMeeT paAHa

gHOHHYIO AJIHHY 27 Xo H xapaKTepH3YeTCfl 3ttepreTHqecKHM paspellle

HneM u(E)/E = 0,032/v'EEB0,09/EEB0,0042 (E H3MepaeTCfl B r3B). 

IlpocTpaHCTBeHHOe paspellleHHe AJIH eAHHHqHoro 3JieKTpoMarHHTHOro 

KaCKaAa MO)KeT 6bITh napaMeTpH30BaHO no nonepeqHhlM KOOPAHHaTaM 

x H y KaK ax = ay = 0, 42/v'E EB 0, 06 CM. LKr HCnOJih3yeTCH AJIH 

peKOHCTpyKgHH 1r0 -+ 'Y'Y pacnaAOB. 

0T6op KaOHHblX pacnaAOB BhlilOJIHHeTCH Ha nepBblX ABYX ypoBHHX 

TpHrrepttoti: CHCTeMhI 3KcnepHMettTa B pe:>KHMe on-line. Ha nepBOM ypoBtte 

Tpe6yeTCH COBnaAeHHe ABYX CHrHaJIOB: 1) CHrHa.rfa c He Mettee, qeM OAHO

ro KBaApaHTa B.o6eHx IlJIOCKOCTHX Cl\HHTHJIHgHOHHOro rOAOCKOna, KOTO

poti: COOTBeTCTByeT npOX◊)KAeHHIO qepe3 rOAOCKOil KaK MHHHMYM OAHOH 

3apa:>Kettttoti: qacTHl\hI; 2) CHrHana 06 3tteproBhIAeJieHHH B LKr, cooTBeT

CTByrorn;eM 'npOXO)KAeHHIO qepes KaJIOpHMeTp He Mettee, qeM ABYX cpo

TOHOB. Ha BTOpOM ypOBHe cnegHaJIH3HpOBaHHbifi 6bICTpblH npogeccop 
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IlOJiy<IaeT 1rncpopMaJJ,HIO C ,ll,pei1.cpoBhlX KaMep, peKOHCTpynpyeT HMilYJihC 

3ap.H:>KeHHOi1 1-IaCTHJJ,hl lI Bhl'IHCJI.HeT He)],OCTaIOIJJ,yIO Macey B npe)],nOJIO

)KeHHH, 'ITO 3aperHCTpHpoBaHHa.H qacTHJJ,a .HBJI.HeTC.H 38.p.H:>KeHHhlM IlHO

HOM OT pacna)],a 3ap.H:>KeHHOro Kao Ha C HMilYJihCOM 60 f3B / c, KOTOpbli1 

JieTHT B)],OJih HOMHHaJihHOH ny'IKOBOH OCH. Tpe6oBaHHe, 'IT06hI He)],O

CTaIOI.JJ,8..H M8.CCa 6hIJia MeHhllle MaCChl 7l"O, Il03BOJI.HeT IlO)],aBHTb 60Jih

lllHHCTBO K± ---+ 1r±1r0 pacna)],OB. TnnH'IHhIH OTC'!eT 3Toro TpHrrepa -

~ 15000 co6bITHH 3a c6poc ycKOpHTeJI.H. 

Tpem'bJt 211,aea CO)],ep:>KHT OilHCaH_He MeTO)],a npeu,H3HOHHOrO H3Mepe

HH.H 3ap.H,ll,OBOH aCHMMeTpHH B TpexnHOHHhIX pacna)],aX 3ap.H:>KeHHhlX Ka

OHOB, pa3pa6oTaHHOro )],Jl.H npoBe)],eHH.H aHaJIH3a ,n;aHHhIX 3KCnepHMeH

Ta NA48/2 n npHBO)],.HI.JJ,ero K COKpaI.JJ,eHHIO OCHOBHhIX CHCTeMaTH'leCKHX 

3Q)<peKTOB. PacCMOTpeHa TaK:>Ke pa3pa60TaHHa.H CTpaTerH.H na6opa )],aH-

HhlX. 

B COOTBeTCTBHH c {2) nepeMeHHa.H u Bhl'IHCJI.HeTC.H CJie)],yIOI.JJ,HM o6pa-

30M: u = (MJ0 - so)/m;., r,n;e so= (mi+ m;. + 2m;o)/3, mK,.m1r, m1ro 
- Macca KaOHa, 3ap.H:>KeHHOro lI Hei1TpaJibHOro IllIOHa COOTBeTCTBeHHO, 

Moo - HHBapHaHTHa.H Macca )],BYX HeiiTpaJihHhIX IllIOHOB, Bhl'IHCJI.HeMa.H 

Ha OCHOBe HHQ)OpMaJJ,HH TOJihKO H3 LKr, KOT0phli1 anpHOpHO .HBJI.HeTC.H 

3ap.H,[1,0BO CHMMeTpH'IHhIM )],eTeKTOpOM. Ha pHC. 2 IlOKa3aH )],aJIHJJ,-IlJIOT 

( a) H u-cneKTp ( 6) OT06paHHhIX co6hITHH2. 

lfaMepettHe aCHMMeTpHH OCHOBaHO Ha cpaBHeHHH u cneKTpOB )],JI.H K+ 
H K- pacna,n;oB, N+ ( u) H N- ( u), cooTBeTCTBeHHO. ,z:t;n» K± ---+ 1r±1r01r0 

pacna)],oB, OTHornenue N+ ( u) / N-( u) nponopu,HOHaJihHO 

N+(u) 1 + (g + b.g)u + hu2 

N-( u) ex 1 + gu + hu2 ' 
{4) 

r,n;e g = 0.626 ± 0.007 n h = 0.052 ± 0.008 - Ta6JIH'IHhie 3Ha<JeHH.H 

mrneil:Horo lI KBa)],paTH'IHOrO HaKJIOHa B pa3JIO:>KeHHH MaTplI'IHoro 3Jie

MeHTa. Bo3MO:>KHa.H C P-napyrnaIOI.JJ,a.H pa3HHJJ,a B JIHHeiiHhIX HaKJIOHax 

)],JI.H K+ H K-, b.g = g+ - g-, Mo:>KeT 6hITh nony<JeHa nyTeM annpoK

CHMaJJ,HH OTHOilleHH.H cneKTpOB Bb1pa:>KeHHeM ( 4). IlapaMeTp np.HMOro 

CP-HapyrneHH.H B TaKoM cnyqae onpe,n;eJI.HeTC.H H3 npocToro OTHOilleHH.H 

2Kpm·epuu or6opa K±-+ ,r±,r0,r0-pacn~oe 06cy:>1<~a10Tc>1 B 'leTeepToil rnaee. 
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Puc. 2: ,lJ;aJIHJ:\·IIJlOT (a) H u-cneKTp (6) OTo6paHHbIX co6blTHH. 

A9 = b.g/2g. 
HanH<JHe MarHHTHhIX nonei1 B cneKTpOMeTpe H, B MeHhilleii CTenettH, 

- B ny'IKOBOH JIHHHH ( axpoMaThI, Q)OKycnpyIO~He KBa,n;pynoJIH H ,z(p.) 

BHOCHT He6oJihll1YIO, HO HeH36e:>KHYIO 3ap.H)],OBYIO aCHMMeTpHIO B reOMeT

pH'IeCKYIO 3<pQ)eKTHBHOCTh ycTaHOBKH. lfro6hI 3<pQ)eKTHBHO COKpaTHTb 

cooTBeTCTBYIOIJJ,yIO pa3HHJJ,y Me:>K,n;y K+ H K- nyqKaMH, non»pHOCTH 

BCex 3JieMeHTOB MarHHTHOil OilTHKH B ny'IKOBOi1. JIHHHH ( <<IlOJI.HpHOCTH 

axpoMaTOB>>) nepeKJIIO'taJIHCb BO BpeM.H Ha6opa ,n;aHHhIX e:>KeHe)],eJihHO, 

a IlOJI.HpHOCTh cneKTpOMeTpH'IeCKoro MarHHTa ;. '!aI.JJ,e ( Ka:>K,D;hli1 ,n;eHh B 

2003 r. H Ka:>K)],hie 3 qaca...:. B 2004r.). 3Ha<JeHH.H Bcex MarHHTHhIX no

JI.HX KOHTpOJIHpOBaJIHCh Ha ypOBHe 10-4_ ,z::t;aHHhie, tta6paHHhie 3a riepHO)], 

BpeMeHH, paBHhii1 B cpe,n;HeM )],BYM He~eJI.HM 3Q)Q)eKTHBHOi1 pa60Tbl yCTa

HOBKH, B Te'!eHHe KOTOporo peaJIH3YIOTC.H Bee 'leThipe B03MO:>KHhie KOH

cpHrypau,HH MarHHTHhIX noneii ( TO eCTh KOM6HHaJJ,HH IlOJI.HpHOCTH nyq

KOBOH JIHHHH" IlOJI.HpHOCTH cneKTpOMeTpH'!eCKOro MarHHTa), o6pa3yIOT 

TaK Ha3hrnaeMhii1. noJIHhii1 tta6op )],aHHhIX, .HBJI.HIOI.JJ,Hilc» He3aBHCHMhIM H 

caMo,n;oCTaTO'IHhIM )],JI.H H3MepeHH.H acHMMeTpHH. 3a )],Ba ceattca 3Kcno-

3HJJ,HH 3anHCaHhl ceMb IlOJIHhIX tta6opOB )],aHHbIX, npoHyMepoBaHHbie OT 

I ,n;o VII: TPH - B 2003 r. (Ha6opb1 I-III) H 'leTbipe - B 2004 r. (tta6opbI 

IV-VII). Ka:>K)],hiit noJIHhiit tta6op )],aHHhIX co,n;ep:>KHT 'leTbipe tta6opa 
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co6bITIIfi K+ --t 1r+1r01r0 II tieTbipe tta6opa co6bITIIH K- --t 1r-1r
0

1r
0 

c 

pa3HbIMII KOM61IHau;mIMII MarHIITHhIX _nonefi. . . . . 

'l!T06bI B MaKCHMaJihHOH CTeneHII COKpaTII;b ~IIiiap'aTHbie 3ap~AOBble 
·-'. .- ~ . . . . ' . ·' 

aCHMMeTpHH B ny'IKOBOH JIIIHIIII II B ,11,eTeKTopax, ,IICnOJih3yerca. OT!IOIIIe-

HIIe HQ ( u), KOTopoe npe,11,cTaBm1eT co6ofi_ npo1I3Be,11,ett1Ie tieThIP.E:X OTHO-

rneHIIfi N+(u)/N-(u): · ·· · · 

R ( ) 
_ N!+B+(u) N!+B-(u) N1-B+(u) N!-B-(u) ~ 

Q u - . . . -.} 
NA+B+(u) NA+B-(u) NA-B+(u) NA_B_(u) 

(5) 

r,11,e IIH)J,eKChI A± II B± yKa3hIBaIOT nom1pHOCTh MarHHTOB B ny'IKOBOH 

JIIIHIIII II B cneKTpOMeTpe, COOTBeTCTBeHHO. 11apaMeTp l:ig II HOp~rnpOBKa 

R II3BJieKaIOTC.H II3 annpOKCIIMaI.l;IIII 'IeTbipexKpaTHOro OTHOIIIeHII.H (5) C 

nOMOill,hIO cpyHKI.l;IIII 

f(u) = R (1 + 1 /:ig. uh 2)4 
+gu+ u 

(6) 

lfaMepeHHa.H pa3H1Iu;a l:ig Hff~IYBCTBIITeJihHa K HOpM1IpOBKe R, KOTopa.H 

JIHIIIh OTpa)KaeT OTHOIIIeHIIe nOTOKOB K+ II J(-. 
TexHHKa 'IeTbipexKpaTHOro OTHOIIIeHII.H n03BOJI.HeT nOJIHOCTbIO IIC

nOJib30BaTb npou;e)J,Ypy nepeKJIIO'IeHII.H non,.HpHOCTei1: MarHIITOB II nplI

BO)J,IIT K COKpaiu;eHIIIO CIICTeMaTII'IeCKIIX 3cp<peKTOB no CJie)J,YIOiu;IIM nplI

'IHHaM: 1) 6naro,11,ap.H nepeKJIIO'Ie~II.HM nOJI.HpHOCTII cneKTpoMeTpH'Ie

CKoro MarHIITa JIOKaJihHbie 3cpcpeKThl B ,11,eTeKTOpe COKpaI11,aIOTC.H B RQ ( U) 
Me)K,11,Y tta6opaMII co6hITIIfi K+ II K~,. B KOTOphIX npo)J,YKThI pacna,11,a 

pemcTp1IpyIOTC.H B 0)1,HIIX II TeX )Ke qacT.HX ,11,eTeKTOpOBj 2) 6naro,11,ap.H 

nepeKJIIO'IeHII.HM nOJI.HpHOCTII ny'IKOBOfi JIIIHIIII, JIOKaJihHbie 3cpcpeKTbl B 

Hefi, np1IBO)J,.HI11,1Ie K He60JibIIIIIM OTJIII'III.HM cpopM II IIMnyJihCHbIX cneK

TpOB ny'IKOB, B 3Ha'IIITeJihHOH CTe~eHII COKpaiu;aIOTC.H B RQ ( U) Me)K)J,Y 

tta6opaMII co6hITIIH, B KOTOpbIX K+ H K_:_ cJie)J,YIOT no ,0,11,IIHaKOBOMY 

nyTII B ny'IKOBOfi JIIIH~IIj 3) B CIIJIY 0)1,HOBpeMeHHOCTII ny'IKOB npOIIC

XO)J,IIT COKpaiu;eHIIe rno6aJihHhIX He nOCTO.HHHhIX BO BpeMeHII 3cpcpeKTOB 

Me)K,11,Y tta6opaMII co6hITIIH K+ II K-. · 
He3Ha'IIITeJihHble CIICTeMaTII'IeCKIIe 3cpcpeKThI, OCTaB,IIIIIeC.H noc;ie nplI

MeHeHII.H onlICaHHOH BhIIIIe npou;e)J,Ypbl II B03H1IKaIOI11,1Ie II3-3a nplICYT

CTBII.H noCTO.HHHbIX MarHIITHbIX nonett (none 3eMJIII, HaMarHII'IeHHOCTh 
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MeTaJIJIH'IeCKOfi Tpy6hI, orpaH1I'I1IBaIOI11,ei1: pacna)J,Hhlfi o6'beM), MIIHIIMII-

3HpyIOTC.H 3a C'IeT a31IMYTaJibHOfi CIIMMeTplIH reoMeTplI'IeCKIIX KplITeplI

eB oT6opa. 

11onyqeHHhlll TaKIIM o6pa30M pe3yJihTaT He 3aBIICIIT OT OTHOIIIeHH.H 

noTOKOB K+ / K- II OT OTHOCIITeJibH~Ix o6'beMOB ,11,aHHhIX c pa3JIII'IHhIMH 

KOH<p1Irypau;1I.HMII MarHIITHbIX nonett. TeM He Mettee, 6anaHC CTaTIICTIIKII 

KOHTpOJIHpOBaJIC.H BO BpeM.H Ha6opa ,11,aHHhIX, T.K. CTaTIICTII'IeCKa.H TO'I

HOCTh II3MepeHII.H onpe,11,eJI.HeTC.H HalIMeHbllIIIM II3 BOChMH Ha6opoM ,11,aH

HhIX, BXO)J,.HI11,HM B 'IeTbipexKpaTHOe OTHOIIIeHIIe. Pe3yJihTaT II3MepeHII.H 

OCTaeTC.H 'IYBCTBIITeJibHbIM TOJibKO K BpeMeHHhlM II3MeHeHII.HM aCIIMMeT

p1Ifi 3Kcnep1IMeHTaJihHbl~ ycJIOBIIfi, IIMeIOill,IIM xapaKTepHbie BpeMeHa, 

MeHbIIIIIe, 'IeM COOTBeTCTBYIOI11,1Ie nepHO)J,bl nepeKJIIO'IeHII.H nOJI.HpHOCTefi 

MarHIITOB. 

Cyiu;eCTBeHHOfi oco6eHHOCTbIO pa3pa6oTaHHoro MeTO)J,a II3MepeHII.H 

3ap.H)J,OBOH aCIIMMeTplIII .HBJI.HeTC.H TO, 'ITO ero np1IMeHeH1Ie ,He Tpe6yeT 

Bhl'IIICJieHII.H 3cpcpeKTIIBHOCTeit perHCTpau;IIH co6bITIIfi C· nOMOill,hIO M0-

,11,eJIIIPQBaHII.H, T.K. OCHOBHhie CIICTeMaTII'IeCKHe norpeIIIHOCTII B nepBOM 

np1I6Jitt)KeHHII COKpaiu;aIOTC.H. HecMOTp.H Ha 3TO, 6bIJIO pa3pa6oTaHO npo

rpaMMHOe 06ecne'IeH1Ie )J,JI.H MO)J,eJIIIpOBaHII.H 3KCnep1IMeHTaJihHhlX ycno

BIIH MeT0,11,0M MoHTe-Kap~o Ha ocHoBe naKeTa GEANT, KoTopoe 6b1-

JIO IICnOJih30BaHO B Ka'IeCTBe IIHCTpyMeHTa )J,JI.H H3y'IeHII.H CIICTeMaTII'Ie

CKHX 3cp<peKTOB. B pa3pa6oTaHHOM nporpaMMHOM KOMnJieKce J'IIITbIBa

IOTC.H nOJIHOe on1ICaH1Ie MaTepliaJIOB II reoMeTplIII ycTaHOBKII, BpeMeHHa.H 

3aBIICIIMOCTb KapT 3cpcpeKTIIBHOCTII II pa3perneHH.H no BpeMeHII ,11,peficpa 

,11,pett<pOBhlX KaMep, BpeMeHHhie II3MeHeHII.H reoMeTplI'IeCKOfi IOCTIIpOB

KH cneKTpoMeTpa, BpeMeHHhie II3MeHeHII.H reoMeTPIIII ny'IKOB, a TaK)Ke 

cnyqafiHbie COBna,11,eHII.H co6bITIIfi BO BpeMeHII. 

lf em0epmaR Uta6a co,11,ep)KIIT on1ICaH1Ie MeTO)J,a II pe3yJihTaTa C)KaTH.H 

II <plIJibTpau;HII ,11,aHHhIX, OCHOBHOH II ,11,onOJIHHTeJibHhIX peKOHCTPYKI.l;HH 

K± --t 7r±1r01r0-pacna,11,0B, Kp1ITep1IeB OT6opa, a TaK)Ke HeKOTOpbIX oc

HOBHhIX CBOHCTB OT06paHHhIX co6bITIIH. 

11ocne OT6poca ,11,aHHhIX, Ha6paHiihIX nplI HenpaBIIJihHO <PYHKI.l;IIOHII

poBaBIIIHX ,11,eTeKTOpax 3KCnep1IMeHTaJibHOH ycTaHOBKII, )J,JI.H )J,aJibHeit

rnero aHaJIII3a OCTaJIOC1? 60JihIIIe 240 MHJIJIIIOHOB co6bITIIII, co,11,ep)Kaill,IIX 
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XOT.H 6hI OAHY 3ap.H>KeHHYIO <JaCTmzy C HMilYJibCOM 60Jibllie 5 f3B / C H 

He MeHee <JeTbipex 3HepreTH<JeCKHX KJiacTepoB B LKr c 3HeproBhI):\ene

HHeM 6onee 3 f3B. qT06bI HCKJIIO'IHTb co6hITH.H C nepeKpbIBaIO~HMH

C.H 3JieKTpOMarHHTHbIMH KaCKa):\aMH B LKr, MHHHMaJibHOe paCCTO.HHHe 

Me>K,l\y JII06hIMH ABYM.H KJiaCTepaMH 6bIJIO Bb16paHO 60.ribIIIHM, <JeM 10 
CM; a paCCTO.HHHe Me>K,l\y JII06bIM KJiacTepoM H npoeKQHeii: 3ap.H>KeHHOH 

<JaCTHQbl Ha IlOBepXHOCTb LKr - He MeHbIIIe 15 CM. qT06bI o6ecne<JHTb 

TO'IHOe H3MepeHHe IlOJIHOro 3HeprOBbI):\eJieHH.H 3JieKTpoMarHHTHbIX KaC

Ka):\OB, 6bIJIH HaJIO>KeHhl TaK>Ke orpaHH<JeHH.H Ha pacCTO.HHH.H OT Ka>K

):\OPO KJiaCTepa ):\0 rpaHHQ LKr H QeHTpaJibHOH ny<JKOBOH BaKyyMHOii 

Tpy6b1. CnMMeTpH3aQH.H reoMeTpH'IeCKOii 3q>q>eKTHBHOCTH ):\JI.H IlOJIO

>KHTeJibHO H OTpHQaTeJihHO 3ap.H>KeHHblX qaCTHQ ocy~eCTBJI.HJIRCb no

cpe):\CTBOM pR,!\HaJibHbIX orpaHH<JeHHii Ha IlOJIO>KeHHe 'IRCTHQbl OTHOCH

TeJihHO HeKoero QeHTpa, COOTBeTCTBYIO~ero cpe):\HeMy IlOJIO>KeHHIO nyq

Ka, KOTOpbiii Bbl'IHCJI.HJIC.H nyTeM RHaJIH3a ):\OCTRTO'IHO 6oJihIIIOii CTaTH

CTHKH O):\HOBpeMeHHO 3aperHCTpHpOBaHHbIX K± --+ 7r±7r+ 7r- pacna):\OB. 

B qacTHOCTH, 'IT06bI COKpaTHTb B03MO>KHYIO 3ap.H,!\OBYIO RCHMMeTpHIO, 

CB.H3aHHYIO C He3q>q>eKTHBHbIMH o6JiaCT.HMH ,!\pefiq>OBbIX KaMep OKOJIO 

ny<JKOBOii Tpy6b1, paccTO.HHHe Me>K,l\y 3ap.H>KeHHbIM IlHOHOM H cpe):\HHM 

nono>KeHHeM nriKa Ha DCHl (DCH4) ,!\OJI>KHO 6h1no 6hITh 6onhIIIe 12,5 

CM (16,5 CM). 

,[(n.H KR>K):\OPO co6b1TH.H peKOHCTPYKQH.H K± --+ 7r±1r01r0 pacna):\a npo

BO):\HJiaCb CJie,l\yIO~HM o6pa30M: npe):\IlOJiara.H, 'ITO Ka>K):\a.H napa i, k 
KnacTepoB B LKr (i, k =1,2,3,4) o6pa3yeTc.H H3 1r0 --+ 11 pacna):\a, BhI

<JHCJI.HJIOCh paCCTO.HHHe Dik Me>K,l\y Z-KOOp):\HHaTOit BepIIIHHbl pacna):\a 

1r0 H noBepxHOCThIO LKr: 

✓ EiEk [ (xi - Xk)
2 + (Yi - Ykf] 

Dik = --=--------------, 
ffi7rO 

(7) 

r):\e Ei H Ek - 3HeprHH i-oro H k-oro q>oTOHa, coOTBeTCTBeHHO, Xi, Yi, Xk, 
Yk - HX nonepe<JHbie KOOPAHHaTbI Ha noBepxHOCTH LKr, a m~ - Macca 

1r0; H3 BCex KOM6HHaQHii q>OTOHHblX nap BbI6HpaJIHCb ):\Be C MHHHMaJib

HOii pa3HHQeit Me>K,l\y paCCTO.HHH.HMH Dik, 'ITO COOTBeTCTBYeT rHilOTe3e 0 

TOM, 'ITO ,!\Ba 1r0-Me30Ha OTHOC.HTC.H K O,!\HOMY H TOMY >Ke K± --+ 1r±1r01r0 

12 

2 
ti 

x2 /n.d.f. = 201/199 
1.95 

1.9 

1.85 

1.8 

1.75 

-10 0 10 
1.7 

m3,.. - mJ;v0 , MaB/c2 m3,.. - mft0 , MaB/c2 

a 6 
Puc. 3: a) Pa3HOCTb Me)K,!zy HHBapnaHTHOH Maccoil CHCTeMbl 7r±1r

0
1r

0 
If Ta6n11'1HOi! KaDHHOil 

Maccoll. CTpenKaMH IlOMe'leH HHTepBan, B npe,D,enax KOTOporo COOblTHll 6blnH npHHHTbl ,ll,Jlll ,D,anb

Hei!mero aHanH3a. IlyHKTHPHOH nHHHeil Il0Ka33HO pacnpe,D,eneHHe COOblTHi!, ,ll,Jlll KOTOpbIX IlHOH· 

Hb!H pacna,D, He 3aperHCTpHpOBaH. 6) 0THOllleHHe BOCCT3HOBneHHblX HHBapHaHTHbIX Mace 7r+7ro~ 

H 11"-71"071"° CHCTeM annpOKCHMHpOBaHO KOHCTaHTOH. 

pacna,l\y; B Ka<JeCTBe paccTO.HHH.H Me>K,l\y TO'IKOii K± pacna):\a H IlJIOCKO

CTbIO LKr BbI6HpaJIOCb cpe):\He apHq>MeTH'IeCKOe ABYX paCCTO.HHHH Dik· 
Ha pHc. 3, a, noKa3aHa HHBapuaHTHa.H Macca ABYX 1r

0 
H peKOHCTpyu

poBaHHOii 3ap.H>KeHHOii <JaCTHQbl B npe):\nOJIO>KeHHH, 'ITO IlOCJie):\H.H.H .HB

JI.HeTC.H 1r+ H.ITH 1r-. BH,!\eH xopoIIIHfi cuman OT K± --+ 1r±1r01r0 pacna,!\OB, 

xapaKTepH3YIO~Hitc.H pa3peIIIeHHeM ;.__, 1 M3B / c2: <<XBoCThI>> pacnpe,!\e

neHH.H COOTBeTCTBYIOT OIIIH60<JHO Il0,!\06paHHbIM KOM6HHaQH.HM q>OTOHOB 

( C IlOMO~blO MO):\eJIHPOBRHH.H 6hIJIO Il0Ka3RHO, 'ITO ):\OJI.H TaKHX co6bITHH 

He npeBhIIIIaeT 0,23%) H 7r - µv pacna):\aM. KaK BH):\HO H3 OTHOIIIe

HH.H cneKTPOB HHBapHRHTHbIX Mace {puc. 3, 6), ):\aHHOe pacnpe):\eJieHHe 

CHMMeTplt'IHO ,!\JI.H K+- H K- -pacna):\OB. 

Ha CJie,l\yIO~eM 3Tane OT6opa co6~ITHii Tpe6oBaJIOCb, 'IT06bI HHBapH

aHTHa.H MRCCa 7r±1r01r0 OTJIH'IaJIRCb OT Ta6JIH'IHOH MaCCbl Kaomi. He 60Jib

llle, qeM Ha 6 M3B/c2, a BOCCTaHOBJieHHhiii HMnynhc KaoHa HaxO):\HJIC.H B 

HHTepBane 54-66 f3B / c. ,[(onoJIHHTeJibHO Tpe60BaJIOCb, 'IT06bI BpeMeHa 

pemcTpRQHH 3ap.H>KeHHOfi 'IRCTHQbl (t±) H <JeTbipex q>OTOHOB (fY) COB-
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IloJIHbiil: Ha6op K+ -+ 7r+7ru7ru K- -+ 7r-7rU7rU l:l.g .1Q4 

I 16,43 9,18 3,4 ± 3,9 
II 10,16 5,67 0,6 ± 5, 1 
III 3,71 2,07 -3,0±8,4 
IV 5,16 2,87 4,8 ± 7, 1 
V 8,89 4,94 4, 1 ± 5,3 
VI 7,49 4,17 4, 1 ±5,8 
VII 6,87 3,82 -2,1±6,0 

... Cyii:Ma 58,71 32,73 2;2± 2, 1 

Ta6JIHD;a 1: HaKdIIJieHHaJI CTaTIIC'rHKa (~ t,IIIJIJIIIOHaJC) 11 pa.3HIIIJ;a e JIIIHeliHblX HaKJI0Hax, 6.g c 

cooTBeTCTeyroui;11M11 CTaT11CT11'leCKHMH 01~µ~,KAMH )Vlll KruK,!J;Orci non11oro 11a6opa .n;aHHhIX II cpe.n;He 

B3BerneHHOe 11cex·nonyqeHHbIX pe3yJibTaTOp,, " 
.·; . 

'-~:{\, 

na,rr.amr B npe,rr.enax 3KcnepHMeHTaJibHoro pa3peIIIeHm1: I (fY) - t7I < 5 
HC H I (ff) - t±I < 20 He, r,rr.e (fY) - cpe,rr.Hee ·BpeMa qeTbipex q>OTOHOB. 

9THM ycJIOBHRM y,rr.oBJieTBOpRIOT 91,4-106 co6bITHfi. KoJIHqecTBO OT0-

6paHHhIX K+ H K- pacna,rr.oB B Ka:)K)J.OM noJIHOM Ha6ope npHBe,rr.eHo B 

Ta6JI 1. 

B namou 2.ll.a6e OnHCaHbl B03MO)KHbie HCTOqHHKH CHCTeMaTHqecKHX 

3cpq>eKTOB, nonyqeHHhie ou;eHKH HX BJIHRHHR Ha pe3yJihTaT, a TaK)Ke 

KaJIH6poBKa ,rr.eTeKTOpOB, HCnOJih3yeMbIX npH peKOHCTPYK[(HH co6bITHM; 

npHBe~eHhl OKOttqaTeJibHhifi pe3yJihTaT H ero o6cy)K)J.eHHe. ' 

Ka)K)J.hifi noJIHhiii Ha6op ,rr.aHHhIX o6ecneqHBaeT caMOCTORTeJibHoe H3-

MepeHHe napaMeTpa C P-HapyIIIeHHa MeTo,rr.oM qeTbipexKpaTHoro o'itto

IIIeHHR. 0KoHqaTeJihHhiii pe3yJihTaT B TepMHHax !:lg nonyqeH ,rr.ByMa 

cnoco6aMH ycpe,rr.HeHHa3: 1) !:lg H3MepaJIOCb )J.JIR Ka)K)J.OrO H3 ceMH noJI

HhIX Ha6opoB npH annpOKCHMau;mi COOTBeTCTByIOiu;ero qeTbipexKpaTHO

ro OTHOIIIeHHR, a OKOHqaTeJihHhiii pe3yJihTaT BblqHCJIRJICR KaK cpe,rr.Hee 

B3BeIIIeHHOe ceMH OT)J.eJihHbIX pe3yJihTaTOB; 2) )J.JIR Ka)K,n;Oro pa36He

HHR no nepeMeHHOii u ycpe,n;HRJIHCb qeTbipexKpaTHhie OTHOIIIeHHR ,D;JIR 

Bcex ceMH nOJIHhIX Ha6opoB, a !:lg H3BJieKaJIOCh nyTeM annpOKCHMa[(HH 

ycpe,n;HeHHOro qeThipexKpaTHoro OTHOIIIeHHR. 

HoMHHaJihHOe pa36HeHHe no nepeMeHHOfi u COCTaBJIRJIO 0,1 B COOT

BeTCTBHH C pa3peIIIeHHeM {KOTOpOe npeHe6pe)KHMO .MaJIO B JieBOM qacTH 

u-cneKTpa H )J.OCTHraeT 0,04 npH 60JihIIIHX u). . 
3Pe3yJlbT3Thl, noJiyqemn,le 3TIIMH cnoco6aMH ycpe~eHHH, cosna,n;aIOT C T0'IH0CTblO 11,0 10-6

• 
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B Ta6JI. 1 npHBe,n;eHhI 3HaqeHHR !:lg )];JIR Ka)K,n;Oro nOJIHOro Ha6opa 

TOJibKO co CTaTHCTHqeCKHMH onm6KaMH. CoOTBeTCTBYIOI[(He annpOKCH

Ma[(HH qeTbipexKpaTHhIX OTHOIIIeHHM nOKa3aHbl Ha pHC. 4. Pe3yJihTaT 

nocJie ycpe,n;HeHHR COCTaBJIReT 

. !:lg = (2, 2 ± 2, 1) · 10-4, {8) 

r,n;e npHBe,n;eHa TOJihKO CTaTHCTHqecKaa norpeIIIHOCTb ' 

,LI,na ,n;onOJIHHTeJibHOii npoBepKH MeTo,n;a BblqHCJIRJIHCh BeJIHqHHhI, 

qyBCTBHTeJihHbie K JieBo-npaBOti acHMMeTpHH ,n;eTeKTOpOB H K pa3JIHqH

RM B BepxHeii H HH)KHeii qacTRX nyqKOBOii JIHHHH, KOTOpbre COKpaiu;a

IOTCR B qeTbipexKpaTHO~ OTHOIIIeHHH (5) B nepBOM npH6JIH)KeHHH. OttH 

H3BJieKaIOTCR H3 cneu;Hq>HqecKHX KOM6Httau,Hfi ,BOCbMH u-cneKTpOB, B KO

TOpbIX q>H3HqecKaR a~HMMeTpHR COKpaiu;aeTCR, a IlpORBJrneTCR TOJibKO 

annapaTHaR aCHMMeTpHR. Bee annapaTHbie aCHMMeTpHH He BJIHRIOT Ha 

pe3yJihTaT H3MepeHHR !:lg Ha ypOBHe < 0, 1 . 10-4 H xopOIIIO OnHCbIBa

IOTCR Mo,n;enHpoBaHHeM MeTo,n;oM MoHTe-Kapno. 

l13MepeHHaa aCHMMeTpHR (8) He ,ll;OJI)KHa 6bITb HCKa)KeHa CHCTeMa

THqecKHMH 3q>cpeKTaMH 6naro,n;apa COKpa~eHHIO annapaTHbIX aCHMMeT

pHii npH Ha6ope ,n;aHHhIX H aHaJIH3e. HecMOTpa Ha 3TO, 6bIJIH c,n;eJiaHHbie 

npoBepKH B03MO)KHbIX CHCTeMaTHqecKHX HCKa)KeHHii H3MepeHHOii BeJIH

qHHhI. 

AHaJIH3 qeTbipexKpaTHOro OTHOIIIeHHR C yqeTOM 3q>q>eKTa 7r7r-nepe

pacceaHHR4 noKa3aJI, ~ITO II3NepaeMaa BeJIHqHHa !:lg cy~ecTBeHHO He 

H3MeHReTCR. 8 CBR3H C MO,D;eJibHOii 3aBHCHMOCThIO onpe,n;eJieHHR H H3-

MepeHHR napaMeTpa npaMoro CP-HapyIIIeHHR, paccqHTaHhI 3HaqeHHR 

ycpe,n;HeHHOrO qeTbipexKpaTHOrO OTHOIIIeHHR ,D;JIR Ka)K,n;Oro pa36HeHHR 

no nepeMeHHOii u. 9To n03BOJIReT H3MepHTb nap;l,MeTp 3,apa,n;OBOii aCHM

MeTpHH npH JII06oil: 'n:apaMeTpH3a[(HH MaTpH'IHOro 3JieMeHTa pacna,n;a. 

TaK KaK ,ll;JIR BbiqHCJieHHR U HCnOJih3yeTCR TOJibKO HHq>OpMa[(HR 0 

q>OTOHHbIX KJiacTepax, 6bIJia BhI,D;eJieHa rpynna CHCTeMaT0qeCKHX 3q>

cpeKTOB, CBR3aHHhIX HCKJIIOqHTeJihHO c LKr. Ilpou;e,n;ype peKOHCTPYKIJ;HH 

H OT6opa co6bITHii npe,n;rirecTBOBaJIO npHMeHeHHe KOppeK[(Hii 3HepreTH

qeCKOii IIIKaJihl LKr, Ha HeJIHHeiiHOCTb ero OTKJIHKa
5

, IOCTHpOBKa. ero 

4CM. J. R. Batley et al., Phys. Lett. B 633 (2006) 173. 
5OKOJIO 2% np11 3Hepl'HII 3 r3B II Hecy~eCTBeHHhl npH 3HeprmtX Bb!We 10 r3B. 
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ITOJIO)Kemrn no OTHOIIIeHIUO K ~pyrHM ~eTeKTOpaM, a TaK)Ke K npoeK

JJ,HOirnoii cTpyKType LKr. CncTeMaTH'lecKoe HCKa)Ketttte pe3yJihTaTa· Ag 
OT Ka)K~OrO H3 nepetJHCJieHHblX scpcpeKTOB He npeBbllllaJIO 0, 1 . 10-4. 

Bnmrnne scpcpeKTa nepeTeKaHHH 3Heprm1 Me)K~ KnacTepaMH, npH

Ha~Jie)Kal.JJ,HMH q>OTOHaM H 3apH)KeHl~blM IIHOHaM, HCCJieAOBaJIOCb nyTeM 

npnMeHeHHH COOTBeTCTBYIOl.JJ,HX KOppeKJJ,HH, a TaK)Ke npH H3MeHeHHH 

orpaHH'lelIHH Ha MHHHMaJlbHO ~onycTHMOe paCCTOHHHe Me)K~ KJiacTe

paMH B LKr, H He npeBhIIIIaeT 8Ag = 0, 5 • 10-4_ 

TaK)Ke 6bIJIO ITOKa3aHO, 'ITO H3MepeHHaJI aCHMMeTpHH He 'IYBCTBH

TeJibHa K pa~HaJibHbIM orpaHH'leHHHM BOKpyr ITY'IKOBOff Tpy6bI B u;eH

Tpe LKr H orpaHH'leHHIO Ha MHHHMa.iibHYIO sHeprHIO <poTOHHbIX KJiacTe

poB. 9cpcpeKT Oii:m6o•rnoro IT0~6opa KOM6HHaIJ;HH q>OTOHOB npH peKOH

CTpyKJJ,HH napbr 1r0 - 1r0 ' HCCJie~OBaHHblii Ha OCHOBe aHaJIH3a 6oJibIIIOro 

KOJIHtJecTBa MO~ennpoBaHHbIX co6bITHii, npeae6pe)KHMO MaJI: (8Ag < 
0, 1. 10-4). 

9cpcpeKTbI, CB513aHHbie C pa3peIIIeHHeM no nepeMeHHOH u, HCCJieAOBa

JIHCb nocpe~CTBOM BapHaJJ,HH pa36HeHH51 cneKTpa no u, a TaK)Ke nyTeM 

Mo~ennpoBaHHH MeTo~oM MoHTe-Kapno. Bhmo noKa3aHo, 'ITO cnoco6 

BbltJHCJieHHH U He OKa3bIBaeT BJIHHHHe Ha H3MepeHHe Ag. 
,ll;eTaJibHO 6bIJia HCCJie~OBaHa TpHrrepHaH He3cp<peKTHBHOCTb, T.K. B 

cnyqae ee 3aBHCHMOCTH OT U H OT 3HaKa 3apHAa ITHOHa, a TaK)Ke ee 

B03MO)KHOii HecTa6HJibHOCTH BO BpeMeHH, OHa B npHHIJ;Hne Morna 6bI 

HCKa3HTb H3Mep.HeMyIO aCHMMeTpHIO. Ka)K~aH KOMilOHeHTa TpHrrepHOH 

JIOrHKH HCCJie~OBaJiaCb · He3aBHCHMO. 

HescpcpeKTHBHOCTb (~ 0, 25%) cpa6aTbIBaIIH51 <<3ap.H)KeHHOii>> KOM

noHeHTbI TpHrrepa nepBoro ypOBHH HCCJie~oBa.n:acb KaK cpyHKJJ,H.H X H 

y KOOp~HHaT npoeKIJ;HH 3ap.H)KeHHoro TpeKa Ha nonepxHOCTH rOAOCKO

na ~JIH Ka)K~Oro OT~eJibHOro nepHo~a c OAHHaKOBOH KOM6HHaJJ,Heil no

JI.HpHOCTeii MarHHTOB. ,ll;n.H 3TOro HCITOJib3OBaJIHCb Bee O~HOTpeKOBbie 

co6bITH.H B KOHTPOJibHOH BbI60pKe, nonyqeHHOH IIPH Ha6ope AaHHblX 

6e3 yqaCTHH 3ap.H)KeHHOro f'O~OCKOITa B TpHrrepHOH JIOrHKe. Bo3MO)K

Hbie scpcpeKTbI HCKa)KeHHH Ag 6bIJIH ytJTeHhI nyTeM <<B3BeIIIHBaHHH>> 

K± -+ 1r±1r01r0 co6bITHii B cooTBeTCTBHH c KapTaMH HescpcpeKTHBHO

cTeii. IIocne npou;e~pbI «B3BeIIIHBalIHH~ pe3YJibTaT OTJIH'laJIC.H OT Ho

MHHcl.JibHOro 3HatJeHH51 Ha 8Ag = (0, 1 ± 0, 1) . 10-4_ 9Ta ou;eHKa 6bIJia 
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IIO,!J;TBep)K,D;eHa He3aBHCHMO IIpH aml.JIH3e CMO,D;eJIHpOBaHHbIX co6bITHfi .. 

He3cpcpeKTHBHOCTb <<HefiTpaJIHOfi~ KOMIIOHeHTbI. TpHrrepHOfO CHrHa

Jia nepBoro ypOBH.H pa3JIHqaJiaCb B TeqeHHH 3KCIIepHMeHTa 'OT 0, 7% B 

Haqa.rre ,n;o 3% B KOHI_J;e Ha6opa )J,aHHblX B 2003 ro,n;y. HaqHHaH c IIOJIHO

ro Ha6opa ,n;aHHhIX VI, He3cpcpeKTHBHOCTh HefiTpa.rrbHOf'.O. cttrtta.rra 3Ha-. 

qHTeJibHO yMeHblllHJiaCb (,n;o ~ 0, 03%) B CBH;3H c ynpoiu;eHHeM YCJIOBH}I 

. cpa6aTbIBaHH}1 HefiTpaJibHOrO Tpttrrepa. BbIJI npoBe,n;eH ,n;eTaJibHblfi aHa

JIH3 OCHOBHbIX HCTOqHHKOB He3cpq>eKTHBHOCTH H ,!J;OKa3aHa HX 3apH,D;OBa~ 

He3aBHCHMOCTb. , , 

He3cpcpeKTHB~OCTb TpHrrepa BTOporo YPOBH}I BC> BpeMH Ha6opa ,n;aH

HblX pa3JIHqa.rracb QT. 4 % ,n;o 6%. Ilpeo6na,n;aIOiu;aH ee ,n;onH ( ~ 70%) 
CBH3aHa c ~OKaJihHhI.MH He3cpcpeKTHBHOCTHMH B,DCH, KOTOpbie, B,np1rn

u;ttne, MOrJIH . 6bI HCKa3HTb pe3JJlbTaT, eCJIH 6bI OHH 6bIJIH HeCTa6HJib

Hbl BO BpeMeHH. MoJJ,e~HpOBaHHe .3TOfi. <<reoMeTpHqecKOM>> ,!J;OJIH He3cp

cpeKTHBHOCTH TpHrrepa IIOKa3aJIO BJIHHHHe Ha pe3JJlbTaT 6.g Ha ypOBHe 

(0, 2 ± 0, 1) . 10-4_ IlonHaH CHCTeMaTHqecKaH .OIIIH6Ka .H3-3a TpHrrepa 

BTOporo ypoBHH C yqeTOM OCTaJlbHbIX HCTOqHHKOB He3cpcpeKTHBHOCTH 

TpHrrepa BTOporo ypoBHH ( B OCHOBHOM CBH3aHHbIX C BpeMeHHbIMH 3cp

cpeKTaMH Me)K,n;y pa3JIHqHbIMH ,n;eTeKTOpaMH H CJiyqafiHbIMH O,!J;HOBpe

MeHHbIMH co6bITHHMH) He npeBhIIIIaeT 86.g = 0, 3. 10-4_ 

B qeTbipexKpaTHOM OTHOIIIeHHH B nepBOM IIpH6JIH)KeHHH COKpaiu;aeT

C}I 3cpcpeKT, o6ycJIOBJieHHbIM H,MIIJJlbCHOM pa3HHu;eii: Me)K,n;y K+ ~ H K--: 
nyqKaMH, IIpOXO,!J;Hiu;HMH qepe3 ,HH)KHIOIO H BepxHIOIO nyqKOBYIO JIHHHIO. 

OcTaBIIIHMC}I 3q>cpeKT, B OCHOBHOM B03HHKaIOiu;Hfi Ha CTa,D;HH cpopMH

poBaHH}I nyqKOB6
, COOTBeTCTByeT' pa3HHu;e B HMIIJJlbCax nyqKOB ~. 20 

r3B / c. C IIOMOiu;bIO MO,D;eJIHpOBaHHeM 6bIJIO IIOKa3aHo, qTo OIIHCaHHbifi 

OCTaToqHbIM 3cpcpeKT B qeTbipexKpaTHOM OTHOIIIeHHH OKa3bIBaeT_ .BJIH}I

HHe Ha pe3JJibTaT B npe,n;enax 86.g < 0, 3 · 10-4_ 

8cpcpeKTbI, CBH3aHHbie C MarHHTHbIM. cneKTpOMeTpOM, He BJIHHIOT Ha 

pe3JJibTaT Henocpe,n;CTBeHHO, TaK.KaK 3apH)KeHHaH qacTHu;a HCIIOJl,b3JeT

C}1 TOJlbKO ,IJ;Jl}I onpe,n;eneHH5,I 3apH,n;a,. a He ,IJ;Jl}I BbJqHCJieHH}I u .. BepXHHe 

rpaHHI_J;bl TaKHX 3cpcpeKTOB, KaK IOCTHpOBKa (alignment) cneKTpOMeTpa 

H IIIKaJia HMIIJJibCOB, npette6l)e)KHMO MaJlbI: (86.g <. 0, 1. 10-4
). Ilon-

6B MeHbIIIel!: CTeneHH 3T0T 3q>q>eKT o6ycJIOBJieH T3JOKe ue60JiblIIHMH OTKJI0HeHHllMH KaDHH0r0 HMilYJibCa 

OT H0MHHaJibH0rD 3uaqeHHll BHYTPH 0Aff0r0 _nepH0,lla C onpe,11eJieHH0H Il0JillpH0CTH axpoMaT0B. 
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tr' 

I 8qJqJeKT Cncr. Heonpe.a;eneHH0CTh 

IlepeTeKam1e 3Hepnm B LKr 
PaJpewemie LKr 
HeimtteilHOCTh LKr 
Own60'1Hhie KOM6HHa~HH nap qJOTOHOB 

He3qJqJeKTHBHOCTh «3ap.mKeHH0ro• TpHrrepttoro CHrHaJia 

He3tj)qJeKTHBHOCTh «HeitTpaJihH0ro• TpHrrepH0ro CHrHana 

He3tj)qJeKTHBHOCTh Tpnrrepa BT0poro ypoBmI 

PaJHH~a Mem,izy HMIIYJihC0B K+ n K-
IlocroHHHoe MarHHTH0e II0Jie B pacna.a;H0M o6'beMe 

~JiyqafiHhie 0,[\H0BpeMeHHhie co6hITHH 

Mg•lO~ 

±0,5 
±0,1 
±0,1 
±0,1 
±0,1 
±0,1 · 
±0,3 
±0,3 
±0,1 
±0,2 

Ta6n:u~a 2: CucTeMaTuqecKHe Heonpe,11eneHHOCTH npu l!3MepeHHH b,.g. 

'HaH CHCTeMaTHqecKaH Heonpe,n;eneHHOCTb, CBH3aHHaH C reoMeTpHqecKofi 

3cpcpeKTHBHOCTbIO perHCTpau;HH 3apH)KeHHOfi qacTHI_J;bl ( 7r±) H reoMeT

pHefi nyqKOB, He npeBbIIIIaeT BeJIHqHHbl 86.g = 0, 1 . 10-4_ BnHHHHe 

pacna,n;OB 7r ---+ µ11 Ha aCHMMeTpHIO He3HaqHTeJibHO. BepXH}I}I rpaHH-

1.\a 86.g = 0, 1 . 10-4 6bma IIOJiyqeHa BapbHpOBaHHeM KapT IIOCTOHHHbIX 

MarttHTHhIX nonen B pacna,n;ttoM o6'beMe K± npH peKOHCTPYKI.\HH pacna

,n;oB. IlOKa3aHo, qTo pe3JJibTaT He 3aBHCHT OT BhI6paHHOro ,IJ;Jl}I aHaJIH3a 

,D;HaIIa30Ha HHBapHaHTHbIX Mace CHCTeMbl 7r±1r01r0 .' 

CHCTeMaTwieCKHe 3cpq>eKTbI 1 CBH3aHHbie C HaJIHqHeM COBIIa,n;aIOiu;HX 

IIO BpeMeHH 3apH)KeHHbIX TpeKOB H KJiaCTepoB B LKr, 6bIJIH H3yqeHbl 

nocpe,n;CTBOM BapbHpOBaHHH Bcex BpeMeHHbIX orpa1mqeHHfi, npHMeHHe

MbIX Ha 3Tane OT6opa co6bITHfi, H H3MeHeHHeM qHCJia ,D;OIIJCTHMbIX O,!J;HO

BpeMeHHO perttcTpttpyeMbIX ,n;onoJIHHTeJibHhIX qacTiiu;. Pe3JJibTaT ocTa

eTCH CTa6HJibHbIM B npe,n;enax 86.g = 0, 2 . 10-4. 

B Ta6n. 2 nepeqHcJieHbl TOJlbKO Te 3cpcpeKTbI, BJIH}IHHe KOTOpbIX Ha 

H3MepeHHH 6.g orpaHHqeHO 3HaqeHHeM 86.g 2: 0, 1 . 10-4_ 

B HTOre, 6hma IIOJiyqeHa IIOJIHaH CHCTeMaTHqecKaH Heonpe,n;eJieH

HOCTb pe3JJibTaTa 86.g = 0, 7. 10-4_ TaKHM o6pa30M, H3MepeHHaH Ha 

OCHOBe 91 · 106 OT06paHHbIX co6bITHfi pa3HHI_J;a 6.g COCTaBJIHeT: 

6.g · (2,' 2 ± 2, lcraT. ± 0, 7cucr.) · 10-4. (9) 

IlpH HCIIOJlb30BaHHOM 3HaqeHHH napaMeTpa HaKJIOHa g = 0, 626 ± 
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0, 007, napaMeTp rrp.HMoro O P-Hapylllemrn Ag cocTaBJI.HeT: 

Ag' ~ 6.g/2g = (1, 8 ± 1, 7cTaT. ~~, 5rnCT.) '. 10-4 = {lO) 
- (1, 8 ± 1, 8) · 10 . 

To'IHOCTb IlOJiy'IeHHOro pe3yJibTaTa orpaHH'IeHa HaKOilJieHHOH CTaTH-
' ,, 

CTHKofi, a: cwcTeMaTH'IecKa.H rrorpelllHOCTh cocTaBJI.HeT Bcero ~ 1/3 OT 

'CTaTHCTH'IeCKOfi 6naro,rr.ap.H' MeTo~ COKparn;eHHH CllCTeMaTH'IeCKHX 3q>

cpeKTOB wn~rrOJib30BaHmo 3ap.H,rr.0Bo CHMMeTPH'IHoro ,rr.eTeKTopa (LKr). 

B 3a'/C.ll.10"ie'HUU Cq>OpMynupoBaHbl OCHOBHbie pe3yJibTaTbl ,rr.uccepTa

u;uu: 

1. lfaMepeHo 3Ha'IeHue rrapaMeTpa rrp.HMoro O P-HapyllleHH.H, xapaK

Tep113y10rn;ero 3ap.H,[1.0BYIO aCHMMeTpllIO rrapaMeTpOB HaKJIOHa ,[1.aJIHIJ;
IlJIOTa B pacrra,rr.ax K± ---+ n-±1r01r0 . llonyqeHHbIH pe3yJihTaT: 

Ag = (1, 8 ± 1, 7cTaT. ± 0, 5cttcT.) • 10-4 = 
= (1, 8 ± 1, 8) · 10-4 

od10BatI Iia aHamne peKop,rr.Hofi CTaTH~THKH (91 • 106 pacrra,rr.oB) u 

Ha rrop.H,[1.0K TO'IHee pe3yJibTaTOB ,rr.pymx 3KcrrepHMeHTOB. 

2. Ytm3aHmi.a TO'IHOCTb ,[I.OCTHrHyTa 6naro,rr.ap.H 6oJiblllOfi CTaTHCTH
Ke, HaKOilJieHHOfi B 3KChepHMeHTe, ll B pe3yJibTaTe COKparn;eHH.H 

CHCTeMaTF1qecKHX rrorpelllHOCTefi 3a C'IeT rrpe,rr.JIO)KeHHOH B pa6o

Te MeTO,[l.ltKH aHaJIH3a HCCJie~eMbIX crreKTP0B, a HMeHHO - rryTeM 

anrrpoKCHMau;ilu TaK Ha3bIBaeMoro 'IeTbipexKpaTHOro OTHOilleHH.H. 
MeTO,[I. MO)KeT 6bITb rrpHMeHeH ,[I.JI.H BbIIlOJIHeHH.H, aHaJIOrH'IHbIX 3,a

,rr.atJ B pacha,rr.ax 3JieMeHTapHbIX qaCTHIJ;. 

3. llpoBe,rr.eH AeTaJihHhifi aH3JiH3 6onee 20 B03MO)KHhIX ocTaTO'IHhIX cu
cTeMaTH'IeCKHX 3q>q>eKTOB, KOTOpbIH TaK:>Ke Il03BOJIHJ! cyrn;ecTBeHHO 
orpamt'IHTh cucTeMaTH'IeCKYIO rrorpeIIIHOCTb rrapaMeTpa Ag. Brrep
Bhre nccne,rr.oBaHO BJIH.HHHe 3q>q>€KTa 71"71"-Ilepepacce.HHH.H Ha ll3Me

peHHe rrapaMeTpa Ag. 

4. llonyqeHHbie 3KCrrepuMeHTaJibHbie pe3yJibTaTbl rro ll3MepeHHIO 3a

p.H,[1.0BOH acHMMeTpHll cornacyIOTC.H C TeopeTH'IeCKHMll 0)KH,IT.aHH.H

Mll B paMKax CTaH,rr.apTH6fi Mo,rr.enH. B cuny CBoefi BbIC0Kofi TO"IHO

CTH OHM MOryT 6hITb HCilOJih30BaHhl ,[I.JI.H orpaHH'IeHH.H rrapaMeTpOB, 
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Jie)Kaill,HX B OCHOBe HeKOTOpbIX paCillHpeHHfi CTaH,rr.apTHOfi Mo,n;eJm, 

rrpe,n;CKa3bIBaIOrn;Hx ycuJieHHe scpcpeKTOB OP-HapyllleHH.H. 

5. Pa3BHTO rrporpaMMHOe o6ecrreqeHHe 3KCrrepHMeHTa, Il03BOJIHBillee 

rrpoBeCTll MO,n;eimpoBaHHe 3KCrrep1IMeHTaJibHbIX ycJIOBHfi NA48/2 
MeTo,rr.oM MoHTe-Kapno n ,rr.eTaJibHO nccne,n;oBaTb p.H,n; rroTeHu;n

aJihHbIX CHCTeMaTH'IeCKHX norpelllHOCTeif. Pa3pa60TaHa rrpou;e~pa 
C)KaTH.H H q>HJibTpau;1rn ,n;aHHbIX, KOTOpa.H cyrn;ecTBeHHO ycKopnna 

rrpou;ecca MX aHaJIH3a H MO)KeT 6bITb rrpnMeHeHa B aHaJIOrH'IHhIX 

HCCJie,n;oBaHH.HX. 
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