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. 0Blll,A5I XAPAKTEPl1CTl1KA PABOTbl 

AKTYaJihH0CTh HCCJie,11,oBamrn: 

8KcrrepHMeHTaJibHbie HCCJie,11,0BaHH.H p0)K,11,eHH.H <p-Me30HOB 

Jierqaiinrnx Me30H0B co CKpbITbIM apoMaT0M, B a,11,p0HHbIX 

B3aHM0,11,eiidrBH.HX II03B0JI.HIOT rrp0.HCHHTb 3aK0H0MepH0CTH, 

CB.H3aHHhie C o6pa30BaHHeM apoMaT0B B a,11,p0HHhIX rrpou;eccax, 

II0H.HTh MexalIH3MhI p0)K,11,eHH.H pe30HaHC0B co CKphIThIMH apoMaTaMH 

BO B3aHMO,lJ,eiiCTBH.HX qacTHD;, He co,11,ep)Ka:lll;HX C00TBeTCTBYIOID;HX 

D;BeTHhIX BaJieHTHbIX KBapK0B, B 'laCTH0CTH, ou;eHHTh B TaKHX 

peaKD;H.HX rrpe,11,eJihI rrpHMeHHM0CTH rrpaBHJia OKy6o-UBeiira-MmyKH 

(OUM) 
1

. CorJiacHo ST0MY rrpaBHJIY, B CHJihHhIX B3aHM0,.1WiiCTBH.Hx 

3arrperu;eHhI HJIH, CTporo. roB0p.H, CHJihH0 rro,11,aBJieHhI rrpou;eCChI, 

B K0T0phIX rrp0HCX0,11,HT p0)K,11,eHHe H aHHHI'HJI.HD;H.H KBapK

aHTHKBapK0BhIX nap, II0JIH0CThIO BX0,11,.HID;HX B C0CTaB 0,11,H0ro a,11,poHa. 

B qacTH0CTH, B CJiyqae, eCJIH 6hr BhIII0JIH.HJIC.H CTporHii 3arrpeT, 

a <p-Me30H 6bIJI 'IHCThIM SS-C0CTO.HHHeM, TO OH He Mor 6hr 6hITh 

o6pa30BaH BO B3aHM0,11,eiiCTBHBX a,11,p0H0B, He co,11,ep)KaID;HX CTpaHHhIX 

KBapK0B B Ha'laJihH0M C0CT0BHHH HJIH ,11,0II0JIHHTeJihHhIX CTpaHHhIX 

'laCTHD; B K0He'IH0M C0CT0BHHH. O6'h£CHeHHe rrpHp0,11,hI H aHaJIH3 

cJiy11aeB HapyIIIeHHB rrpaBHJia OUM - 0,11,Ha H3 KJIIO'leBhIX 3a,11,a11 rrpH 

HCCJie,11,0BaHHH rrpou;eccoB B3aHM0,11,eiiCTBH£ KBapK0B. KaK II0Ka3aJIH 

pe3yJihTaThI MH0I'0'IHCJieHHhIX 3KcrrepHMeHT0B, B 6oJihIIIHHCTBe 

CJiy'laeB 3T0 rrpaBHJI0 BhIII0JIHBeTCB ,11,0B0JihH0 xop0III0, C T0'IH0CThIO 

,11,0 HeCK0JihKHX rrpou;eHT0B. B TO )Ke BpeMB, HMeeTCB u;eJihiii pB,11, 

sKcrrepHMeHTaJihHhrx CBH,11,eTeJihCTB HapyIIIeHHB rrpaBHJia OUM. IlpH 

3T0M 0TKJI0HeHHB Ha6JII0,1I,aeMhIX pe3yJihTaT0B OT Q)KH,11,aeMhIX MoryT 

,11,0CTHraTb 0,11,H0r0-,11,BYX rropB,11,K0B. BhICKa3bIBaIOTC£ rrpe,11,rr0JI0)KeHHB, 

'ITO 3TH HapyIIIeHHB, B03M0)KH0, CBH,11,eTeJihCTBYIOT 0 TOM, 'ITO 

,11,HHaMHKa rrpou;eccoB ropa3,1J,0 CJI0)KHee, 11eM rrpe,11,cTaBJIBeTCB Ha 

C0BpeMeHH0M 3Tarre. OKa3aJIOCh, uarrpHMep, 'ITO Ha6JII0,1I,aeMoe 

0TKJI0HeHHe OT rrpaBHJia OUM B Kaua.rrax aHHHrHJIBD;HH c 

o6pa30BaHHeM <p-Me30Ha CHJihH0 3aBHCHT OT KBaHT0BhIX 'IHCeJI 

Ha'laJihH0r0 C0CT0BHHB CHCTeMhI nyKJI0H-aHTHHYKJI0H. 

1S. Okubo, Phys. Lett. v.5 (1963) 165; G. Zweig, CERN-TH-412, 1964; J. Iizuka, Prog. Theor. 
Phys. Suppl. 37 (1966) 21 
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ITpn amlJIH3e ll 11011bITKax o6'hHCHeHHH Ha6mo,n;aeMhIX CJiy-qaeB 

HapyrneHHH 11paBHJia OU,I111pe,n;JiaraIOTCH pa3JIH"l!Hbie TeopeTH"lleCKHe 

Mo,n;eJIH. Ha11pnMep, cy:m;ecTnyeT Mo,n;eJih TaK Ha3hIBaeMoii 

BHyTpeHHeii CTpaHH0CTII, 11pe,n;110Jiara10:m;aH HaJIII"l!IIe 11pIIMeCII 

ss-11apbl n C0CTaBe HJKJI0Ha, K0T0paH M0)KeT 06ec11e"l!IITb p0)K,ll;eHIIe 

cp-Me3oHa, B N N IIJIII N N B3aIIMo,n;eiicTBIIHX 6e3 HapyrneHIIH 

11paBIIJia OUJ1. Bo3MO)KHO, cpe,n;II Ha6JI10,n;aeMoro Ha6opa K0He"l!HhIX 

11po,n;yKT0B peaKr~IIii, 3a11pe:m;eHHhIX 11paBIIJI0M OU}I, "llaCTh -qacTIIIJ; 

o6pa3yeTCH B pe3yJihTaTe pac11a,n;a 3K30TII"l!eCKIIX MH0r0KBapK0BbIX 

C0CT0HHIIH B CHCTeMy </>X. Ha <peHOMeHOJIOrII"lleCKOM ypoBHe 

TeopeTII"l!ecKoe o6'hHCHeHIIe co6JI10,n;eHIIH 11paBIIJia OU,I1 cocT0IIT 

n TOM, "l!T0 OHO 06ec11e"l!IIBaeTCH pH,ll;0M 11p0Me)KyT0"l!HbIX, 

K0Ml1eHCIIpy10:m;IIx ,n;pyr ,n;pyra C0CT0HHIIH. 1IHor,n;a TeopeTH"l!eCKII 

11pe,n;cKa3hmaeMhie HapyrneHIIH 11paBIIJia OUM o6ycJIOBJieHhI y"lleT0M 

JIIIIIIb orpaHIIqeHH0r0 pH,n;a ,n;IIarpaMM. 

TaKIIM o6pa30M, JII06aH H0BaH 3KCl1epIIMeHTaJihHaH IIH<pOpMaD;IIH 

110 IICCJie,n;onaHIIIO 11pou;eccoB, B K0T0pbIX B03M0)KH0 HapyrneHIIe 

11paBIIJia OUM, 1103B0JIHeT BhIHBIITh H0Bhie ,n;eTaJIII IIJIII 11poHCHIITh 

cy:m;ecTByIO:m;IIe 3aK0H0MepH0CTII B CJI0)KH0H ,ll;IIHaMHKe a,n;p0HHbIX 

B3aIIMo,n;eiicTBIIii. K "l!HCJIY TaKIIX 11pou;eccon 0TH0CIITCH II a,n;poHHoe 

p0)K,ll;eHIIe </>-Me30HOB, B TOM "l!HCJie - ero accou;naTIIBH0e p0)K,l];eHne 

co CTpaHHbIMII "llaCTIIIJ;aMII. BoJiee Toro, B pH,n;e CJiy-qaeB 

IIMeHH0 IICCJie,n;oBaHIIe p0)K,ll;eHIIH cp-Me30HOB HBJIHeTCH HaII60Jiee 

3<p<peKTHBHbIM C 3KC11epnMeHTaJibH0H T0"l!KII 3peHIIH. Ha11pIIMep, 

peaKD;IIII a,n;poHHoro po)K,n;eHIIH "llaCTIIIJ; J / 'ljJ, Y, cocToH:m;IIx II3 CIICTeM 

TH)KeJihIX KBapK0B cc, bb cooTBeTCTBeHH0, MoryT TaK)Ke II3J"llaThCH c 

3T0H u;eJibIO. O,n;HaKo, B 0TJIIIqIIe OT cp-Me30HOB, IICCJie,TI;0BaHIIe TaKIIX 

11pou;eccoB HBJIHeTCH -qpe3BbI"llaiiH0 Tpy,n;Hoii 3KC11epIIMeHTaJibHOH 

3a,TI;a"lleii II3-3a MaJihix BeJIII"l!IIH ce"l!eHIIii o6pa3oBaHIIH J /'l/J n T, 
CJIO)KH0H T0l10JI0rHII II MaJibIX 11apu;HaJibHbIX BepoHTH0CTeii pac11a,n;oB 

"llaCTHIJ;, co,n;ep)Ka:m;IIx c- II b-KBapKII, 110 0T,TI;eJihHbIM KaHaJiaM. 

,II;o HaCT0H:m;ero BpeMeHII IICCJie,n;oBaHIIH xapaKTepIICTIIK 

accou;naTIIBH0ro p0)K,ll;eHHH </> co CTpaHHbIMH "llaCTHIJ;aMII 11p0B0,ll;IIJIIICb 

B 3KCIIepnMeHTax c pa3JIH"l!HhIMH IIyqKaMII ( 1r±, K±, p / p) B rnIIp0K0M 

,n;naIIa30He 3Heprnii. B TO )Ke BpeMH B HeiiTp0HHbIX 11J"l!KaX 
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IICCJie,n;oBaHIIH cp-Me30HOB 6hIJIII BbIII0JIHeHbl T0JibK0 B 3KC11epIIMeHTax 

BMC-2 II 8KGY:APM, 11pone,n;eHHhIX Ha CepIIyxoncKOM ycKopnTeJie 

Y-70. 

UMb ,n;IIccepTau;IIoHHoii pa6oThI - IIccJie,n;onaHIIe xapaKTepIICTIIK 

pO)K,ll;eHIIH cp-Me30HOB B peaKIJ;IIHX C accou;naTIIBHbIM o6pa3oBaHIIeM 

CTpaHHbIX "l!aCTIIIJ; - A 0-rIIIIep0H0B II HeiiTpaJibHbIX Ka0H0B, B 

He:iiTpOH-yrJiepo,n;HhIX B3aIIM0,n;eiiCTBIIHX, 3aperIICTpIIp0BaHHbIX B 

3Kc11epIIMeHTe 8KCqAPM, II, Ha 3Toii ocHone, ou;eHKa ,n;oJIII 

accou;IIaTIIBH0ro p0)K,TI;eHIIH </> co CTpaHHbIMII "l!aCTIIIJ;aMII B peaKIJ;IIHX 

IIHKJII03HBHoro p0)K,ll;eHIIH <f>. 8Kc11epnMeHT 8KCqAPM BhIII0JIHeH Ha 

Cep11yxoBCKOM YCK0pIITeJie B 11J"l!Ke HeiiTp0HOB co cpe,n;Heii 3HeprIIeii 

~ 51 f3B. BbICOKOe pa3perneHIIe II peKop,n;HaH CTaTIICTII"lleCKaH 

06ec11e"lleHHOCTb CIIrttaJI0B OT </>, AO II K 0 / .K0 cpe,n;n aHaJiorII"l!HhIX 

IICCJie,n;oBaHIIii, 06ec11e"l!HJIII B03M0)KH0CTb ,ll;0CTII)KeHIIH II0CTaBJieHHOH 

D;eJIII. 

Hay"l!HaH H0BII3Ha IICCJie,n;oBaHIIH 

• B11epBbie II3MepeHbI Ce"l!eHIIH IIHKJII03IIBH0ro accou;IIaTIIBH0ro 

pO)K,ll;eHIIH cp-Me30HOB C A 0-rII11epoHaMII II HeiiTpaJibHbIMII 

Ka0HaMII B HeiiTpOH-H,n;epHbIX B3aHM0,n;eiiCTBIIHX. 

• Ou;eHeHa ,ll;0JIH accou;IIaTIIBH0ro p0)K,TI;eHIIH ¢-Me30HOB co 

CTpaHHbIMII "l!aCTIIIJ;aMII, II II0Jiy"l!eHo orpaHII"lleHIIe CHII3Y Ha 

cyMMapHhiii BKJia,TI; OUM-pa3perneHHhIX IIpou;eccon B peaKIJ;HHX 

IIHKJII03IIBH0ro p0)K,ll;eHIIH ¢. 

• ITpe,ll;JIO)KeHbl H0Bbie M0,l];eJIII p0)K,l];eHIIH ¢-Me30HOB B HeiiTp0H

HJKJIOHHbIX B3aIIMo,n;eiiCTBIIHx; II0Ka3aHa 11paKTII"lleCKaH 

11pIIMeHHM0CTb ,ll;JIH M0,ll;eJIIIpoBaHIIH YCJI0BIIH 3KC11epIIMeHTa 

8KCqAPM pa3pa6oTaHHhrx Mo,n;eJieii, II0CTpoeHHhrx Ha ocHoBe 

reHepaTopa MHrKIIx a,n;poHHhIX B3aIIMo,n;eiicTBIIii FRITIOF. 

ITpaKTII"lleCKaH u;eHH0CTb pa60Tbl 

}fay-qeHIIe xapaKTepIICTIIK p0)K,ll;eHIIH cp-Me30HOB co CTpaHHbIMII 

"llaCTIIIJ;aMII M0)KeT 6bITb 110Jie3H0 ,ll;JIH II0HIIMaHIIH MeXaHII3M0B 
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p0)K,11,eHirn 6oJiee T.H)KeJihIX BeKT0pHbIX Me30H0B co CKpbITbIMII 

apoMaTaMII - J /'lj; II T, a TaK)Ke ,11,Jl.H onpe,11,eJieHirn 3aK0HOMepHOCTeii:, 

np0.HBJI.HIOIIJ,IIXC.H B a,11,p0HHbIX npo:u;eccax lI CB.H3aHHhIX C 

o6pa30BaHMeM apoMaT0B BX0,11,.HIIJ,MX B a,11,P0H KBapK0B. 

Cym,eCTBeHHO pa3BMT nporpaMMHhlll K0MnJieKc, MCn0Jih3yeMhiii: 

,11,JI.H aHaJIII3a ,11,aHHhIX M Mo,11,eJIHpoBaHM.H sKcnepHMeHTa 9KGY:APM. 

Anpo6a:a,M.H pa6oThI 

OcHOBHhie pe3yJihTaThl ,11,lICCepTaIJ,MM ,11,0JI0)KeHhl lI o6cy)K,ll,eHbl 

Ha xv Me)K,11,YHapO,ll,HOM ceMIIHape no npo6JieMaM (pll31IKM 

BhIC0KIIX 3Hepr1Iii: "PeJI.HTMBIICTCKa.H .H,11,epHa.H (plI3MKa lI KBaHT0Ba.H 

xpOM0,11,IIHaMIIKa" , ,lcy6Ha, 25 29 ceHT.H6p.H 2000 r., Ha 

HayqHhIX KOH(pepeHIJ,II.HX M0JI0,11,hIX yqeHhIX lI cne:a,MaJIMCT0B 

OI1.5II1 B 1998 M 1999 rr., a TaK)Ke Ha HayqHhIX ceCCII.HX 

MocKOBCKOro rocy,11,apCTBeHH0ro IIH)KeHepHO-(plI3MqecKoro IIHCTMTyTa 

(TeXHMqecKoro YHIIBepCHTeTa) B 1999 M 2001 rr., MH0I'0KpaTH0 

06cy)K,1J,aJIMCh Ha pa6oqMx coBem,aHM.HX coTpy,11,HMqecTBa 9KGY:APM 

lI ceMIIHape Jia6opaTOpHH (pll31IKM qacTMIJ, O6'he,1J,1IHeHHOrO IIHCTMTyTa 

.H,11,epHbIX MCCJie,11,0BaHMll "cDM3MKa oqapoBaHHhIX lI CTpaHHhIX 

KBapKOB" M ony6JIIIKOBaHhl B pa6oTax [1-6]. 

CTpyKTypa ,11,IICcepTaIJ,IIII 

,Il,IIccepTaIJ,II.H C0CT0IIT M3 BBe,11,eHII.H, n.HTM rJiaB, 3aKJIIOqeHM.H 

M CnlICKa IJ,IITHpyeM0ii: JIMTepaTyphI. O6m,Mii: o6'heM ,11,MCCepTa:U,IIII 

C0CTaBJI.HeT 114 CTpaHIIIJ,, BKJIIoqa.H 26 pHCyHK0B II 8 Ta6JIIIIJ,. 

CO,II,EP)KAHHE PABOTbI 

Bo eeeae1-1,uu o60CHOBaHa aKTYaJibH0CTh BbITI0JIHeHH0ro 

IICCJie,11,oBaHM.H, C(pOPMYJIHpOBaHa :a,eJih ,11,IICCepTaIJ,II0HHOii: pa60ThI, 

n0Ka3aHa HayqHa.H H0BII3Ha pa60Thl lI 0nlICaHa CTPYKTypa 

,11,IICCepTaIJ,IIII. 

Ilepea,R, 2J1,a8a co,11,ep)KIIT o63op pe3yJihTaT0B SKCnepMMeHT0B 

no IICCJie,11,0BaHIIIO acco:a,MaTMBH0r0 P0)K,11,eHM.H cp-Me30HOB co 

4 

CTpaHHhIMII qacTMIJ,aMII lI npoBepKe npaBMJia OKy6o-U:Beii:ra-I1M3YKM. 

BOJihIIIIIHCTBO M3 STIIX pe3yJihTaT0B n03B0JI.HeT YTBep)K,11,aTb, qTo 

npaBIIJI0 OU:H BhITI0JIH.HeTC.H ,11,oB0JihH0 xoporno, c ToqHocThIO ,11,0 

HeCK0JihKMX npo:a,eHT0B. B TO )Ke BpeM.H, MMeeTC.H :a,eJiblii: p.H,11, 

3KCnep1IMeHTaJihHbIX CBM,11,eTeJihCTB ero HapyrneHM.H. 

OnlicaHhI MCn0Jih3yeMhie B ,ll,ll:71hHeii:rneM Mo,11,eJIM po)K,11,eHM.H 

a,11,poH0B B lIHKJII03lIBHbIX peaKIJ,M.HX: . M0,11,eJib KBapK-rJIIO0HH0ro 

CJIII.HHM.H, npaBIIJia KBapK0B0ro cqeTa, ¢eHOMeHOJIOrMqecKa.H 

Mo,11,eJih ¢parMeHTa:U,MM cTpyH FRITIOF, npe,1J,Ha3HaqeHHa.H ,11,JI.H 

0nlICaHII.H a,11,poHHhIX npo:u;eccoB, np0X0,11,.HIIJ,MX npH MaJihIX nepe,11,aqax 

MMnyJihC0B. 

Bo emopou 2J1,a8e 0nlICaHhl ycJI0BII.H npoBe,11,eHM.H SKCneplIMeHTa 

9KGY:APM, a TaK)Ke cooTBeTcTByrom,a.H sKcnepHMeHTaJihHa.H 

ycTaH0BKa. 

B C0CTaB ycTaH0BKM (pHc.1) BX0,11,.HT: 

Cl1-40A 

~.x 
11K 1- 8 

n 

MilrtIC-14 
11K A- C 

Milrl:JC-32 

-I II 11111 11 11~1 -tl--l--1 //, I I 11111111 I A T .I I --tl+I --

I r2 

n-l1 

-5 0 5 10 

Puc. 1: Cne'K:mpo.Memp 9KCl/APM 

I 111 I I 

I I 
MH AK. 

Z,M 

15 

• yrJiepo,11,Ha.H MmneHh T T0JIIIJ,MH0ii: 1,3 r/cM2 no nyqKy; 
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• am1JIII3upy10m;uii MarHIIT CI1-40A c arrepTypoii 274 x 49 cM
2 

II C MaKCIIMaJibHbIM 3Ha-cieHIIeM Harrp5DKeHHOCTII IIOJUI 0, 79 TJI; 

CIICTeMa 9JieKTpOIIIITaHII51 MarHIITa o6ecrre-ciuBaeT B03MO)KHOCTb 

orrepaTIIBHOrO rrepeKJIIO"lleHII51 ero IIOJI51pHOCTII; 

• CIICTeMa II3 11 MHOrorrpOBOJIO"l!HbIX rrporropn;IIOHaJlbHbIX KaMep 

ITK (25 cumaJihHhIX rrJIOCKOCTeii), pacrroJIO)KeHHbIX .n,o (ITKl -

I1K8) u rrocJie. MamuTa ( A, B u C); 

• rO,l),OCKOIIbl CD;IIHTIIJIJI51D;IIOHHblX C"lleT"llIIKOB rl II r2, 

IICIIOJih3yeMble ,ll,Jl51 Bblpa6oTKII CIIrHaJia, 3arrycKa10m;ero 

ycTaHOBKY (TpIIrrepa); 

• MOHIITOp HeiiTpOHHOro rry-ciKa MH ,l),Jl51 KOHTpOJI51 3a 

,l),JIIITeJihHOCTblO u paBHOMepHOCTblO c6poca rry-ciKa rrpOTOHOB 

ycKOpIITeJI51 Ha BHyTpeHHIOIO MIIIIIeHh II orrpe.n,eJieHII51 IIOTOKa 

o6pa30BaHHbIX Ha 9TOii MIIIIIeHII HeiiTpOHOB; 

• a.n,poHHbiii KaJiopuMeTp AK ,l),JI51 II3MepeHII51 9HepreTu-ciecKoro 

crreKTpa HeiiTpOHHOrO rry-ciKa; 

• -cieTbipHa.n,n;aTIIKaHaJibHbIH (MrrrqC-14) u Tpu.n,n;aTII,l),Byx-

KaHaJibHblii (MIJrqC-32) IIOpOrOBbie ra30Bbie -ciepeHKOBCKIIe 

c-cieT"llIIKII ,l),JI51 u.n,eHTIIq>IIKan;uu 3ap51)KeHHbIX -ciacTIID;. 

Ily-cioK HeiiTpOHOB 06pa3yeTC51 B pe3yJihTaTe B3aIIMO.n,eiiCTBII51 

D;IIPKYJIIIpy10m;ux B KOJibD;e ycKOpIITeJI51 rrpOTOHOB C BHyTpeHHeii 

6epIIJIJIIIeBoii MIIIIIeHblO II cpopMIIpyeTC51 CIICTeMOii KOJIJIIIMaTOpOB, 

pacrroJIO)KeHHbIX B,l),OJib OCH, 06pa3y10m;eii yroJI ~ 0° K na.n,a10m;IIM 

npoTOHaM. 9HepreTII"lleCKIIii crreKTP rry-ciKa (puc.2) IIMeeT MaKCIIMYM B 

paiioHe 58 r9B II IIIIIpIIHY OKOJIO 12 r9B. Cpe,l),H5151 9HeprII51 HeiiTpOHOB 

COCTaBJI51eT 51 r9B. 

,I},JI51 orrucamrn crreKTpoMeTpa ucnoJih3yeTC51 rrpaBM cucTeMa 

KOOp,ll,IIHaT c OCblO OZ, HarrpaBJieHHOii B,l),OJlb OCH rry-ciKa HeiiTpOHOB, 

OChIO OY, HanpaBJieHHOii BBepx B,ll,OJih HarrpaBJieHII51 ocHOBHOii 

KOMTIOHeHTbl MarHIITHOro TIOJI51, II Ha"llaJIOM KOOp,lJ,IIHaT, COBrra.n,aIOm;IIM 

c n;eHTpOM Marmna CI1-40A. 

BoJiee .n,eTaJihHO crreKTpoMeTp 9KCqAPM orrucaH B pa6oTe [1). 
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Puc. 2: 8Hep2emu"'-ec~uu cne~mp HeumpoHo6 ny"'-~a. 3aec'b u aa.11,ee 
N - ~o.11,u"'-ecm0O ~0M6u'l-ta'4UU. 

B mpem'beu 2.11,a0e rrpuBe.n,eHo orrucaHue rrporpaMMHoro 

o6ecne-cieHII51, IICIIOJib3YeMoro ,l),Jl51 reoMeTpII-cieCKOii peKOHCTPYKD;IIII 

TpeKOB, q>II3II"lleCKoro aHaJIII3a ,ll,~HHbIX II MO,l),eJIIIpOBaHII51 

9KCrrepuMeHTa, a TaK)Ke II3JIO)KeHa MeTO,l),IIKa on;eHKII 9q>q>eKTIIBHOCTII 

ycTaHOBKII npu perIICTpan;uu IICCJie.n,yeMbIX COCT051HIIii. 

O6pa60TKa 9KCrrepuMeHTaJibHOii IIHq>OpMan;uu II OT6op cofihITIIii 

Bbl,l),eJieHHbIX KOHq>IIrypan;uii rrpOII3BO,l),IIJIIICb B HeCKOJibKO 9TaTIOB: 

• o6pa6oTKa rrepBII-ciHoii IIHq>OpMan;uu, pacrro3HaBaHue 

TpaeKTOpIIii 3ap51)KeHHblX -ciaCTIID; ( TpeKOB), BOCCTaHOBJieHIIe 

IIX reoMeTpII-cieCKIIX rrapaMeTpOB II orrpe.n,eJieHIIe IIMTIYJibCOB 

COOTBeTCTBy10m;ux -ciaCTIID; C y-cieTOM KapTbl MarHIITHOro IIOJI5I; 

• OT6op cofibITIIii, co.n,ep)Kam;ux HeiiTpaJibHYIO BIIJIKY (napa TpeKOB 

rrpOTIIBOIIOJIO)KHO 3ap51)KeHHblX -ciaCTIID;, IIMeIOm;ux o6m;yro TO"l!KY 

nepece-cieHII51), 51BJI5110m;y10c51 KaH.n,u.n,aTOM B pacrra.n, AO, AO IIJIII 

Ko· 
' 

• 3aIIIICb co6hITIIii Ha ,ll,IICK B KOMIIaKTHOM BII,l),e, o6ecrre-ciuBaIOm;eM 

B ,l),aJibHeiiIIIeM 6bICTpblii ,ll,OCTYTI K OT06paHHOii IIHq>OpMan;uu; 

• q>II3II"l!eCKIIii aHaJIII3 OT06paHHbIX co6hITHii C n;eJiblO IIOIICKa 

CHrHaJIOB B crreKTpax 9q>q>eKTHBHblX Mace KOHe"l!HblX COCT051HIIii 

pacrra.n,a IICCJie.n,yeMhIX -ciaCTIID;. 
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Mo,ll.emi:poBamie H3y"lfaeMhIX npou;eccoB ocyiu;ecTBJUIJI0Ch 

nporpaMM0fi SIMEX, pa3pa6oTaHHOfi Ha ocHoBe CHCTeMhI GEANT-3. 

IIpH npocJie)KHBaHHH "l!aCTHI.I; co6hITH5I HCil0Jih3yeTC5I ,ll.eTaJibH0e 

onHcaHHe KOHqmrypau;HH ycTaH0BKH 9KGY:APM, npHMeHeHHhIX 

B ee K0HCTPYKI.J;llll MaTepHaJI0B ll cyiu;ecTBYIOiu;HX cpe,ll.. ,I(JI5I 

perneHH5I 3a,ll.a"lf, Il0CTaBJieHHhIX B HaCT05IIu;efi pa6oTe, B03M0)KH0CTH 

nporpaMMH0r0 K0MITJieKca M0,ll.eJIHp0BaHH5I ycJI0Bllll 3KCnepHMeHTa 

6hIJIH cyiu;ecTBeHH0 pacrnHpeHhI: 

• ,ll.06aBJieH M0,ll.YJih, peaJIH3yIOII.J;llll aJiropHTMhl accou;HaTHBH0ro 

pO)K,ll.eHH5Iq>-Me30HOB H A0 / K~ Ha ocHoBe reHepaTOpa FRITIOF, 

a TaK)Ke C HCil0Jib30BaHHeM npoMe)KyT0"lfH0ll K0MnayH,ll.-"lfaCTHI.J;hI; 

• peaJIH30BaH y,ll.06Hhlll HHTepq>efic Il0Jib30BaTeJI5I ,ll.Jl5I BbI6opa 

HCCJie,ll.YeMoro npou;ecca, COOTBeTCTBYIOiu;efi M0,ll.eJIH ll HaCTp0eK 

ee napaMeTp0B. 

B "iem6epmoi1 2.1ia6e npHBe,ll.eHhI pe3yJihTaThI HCCJie,ll.oBaHHfi 

accou;HaTHBH0r0 p0)K,ll.eHH5I q>-Me30HOB C A 0-rHnepoHaMH [2-4] ll 

HefiTpaJihHhIMH KaoHaMH K 0 / K 0 [2, 3, 5, 6], npoBe,ll.eHHhIX Ha octtoBe 

aHaJIH3a 3KCnepHMeHTaJihHhIX ,ll.aHHbIX, Il0Jiy"lfeHHbIX C Il0M0II.J;bIO 

cneKTpoMeTpa 9KCqAPM. BhmOJIHeHHhie HCCJie,ll.0BaHH5I 5IBHJIHCh 

ecTeCTBeHHbIM np0,ll.0JI)KeHHeM I.J;HKJia pa60T no H3y"lfeHHIO npou;eccoB 

o6pa3oBaHH5I q>-Me30HOB B 3KcnepHMeHTe 9KCqAPM, npoBe,ll.eHHhIX 

paHee C y-qaCTHeM aBT0pa 
2

. 

Co6hITH5I accou;HaTHBHoro p0)K,ll.eHH5I q>-Me30HOB , c A0 
H K~ 

OT6HpaJIHCb ll3 ~ 172 . 106 HCX0,ll.HbIX HefiTp011-yrJiepO,ll.HhIX 

B3aHMO,ll.eficTBHH, 3aperHCTpHp0BaHHbIX cneKTp0MeTp0M B 0,ll.H0M .ll3 

ceaHC0B 3KCIT03HI.J;HH ycTaH0BKH 9KCqAPM. ,I(JI5I onTHMaJihH0ro 

HCil0Jib30BaHH5I ,ll.llCK0B0r0 npocTpaHCTBa ll cyiu;ecTBeHH0ro 

ycKopeHH5I aHaJIH3a OT06paHHhIX ,ll.aHHbIX 6hIJI pa3pa6oTaH ll 

HCil0Jib30BaJIC5I cneu;HaJihHblll KOMilaKTHhlll q>OpMaT 3anHCH co6bITH5I 

Ha MaIIIHHHhie HaKonHTeJIH HHq>opMaI.J;HH - XCOMPACT [6]. 
2 A.H. AneeB n ,!\P-, OIUIII, P13-96-437, ,lzy6Ha, 1996, 20 c.; N.A. Molokanova, Vol.47(1997), 

No.9, p. 919-924; A.H. AneeB n ,n;p., KpaTKne coo6rn;eHna 01-UUI No.1(93)-99, c. 14-29. 
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TonoJIOrH5I co6hITllll C accou;HaTHBHbIM o6pa30BaHHeM q>-Me30HOB ll 

A 0-rHnep0H0B C00TBeTCTByeT peaKI.J;llll 

n + N ---+ </> + A0 + X. (1) 

IIpH OT6ope KaH,ll.H,ll.aT0B Tpe60BaJIOCb HaJIH"lflle B co6hlTllll He Mettee, 

"lfeM ,ll.Byx II0JI0)KHTeJihH0 ll ,ll.Byx 0TpHu;aTeJibH0 3ap5I)KeHHbIX "l!aCTHI.J;. 

IIoHcK q>-Me30HOB H A 0-rHnepottoB ocyiu;ecTBJI5IJIC5I B cneKTpax 

3q>q>eKTHBHbIX Mace CJie,ll.YIOII.J;HX K0He"lfHbIX C0CT05IHllll HX pacna,ll.0B: 

q>---+ K+K-, (2) 

Ao---+ pn--. (3) 

"'" "'" ~7000 

a III 
"' "' '.)ooo ~ .,., 
0 0 
0 0,000 67 
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~ :;;000 
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...41.125 
-~ 1.12 

~1.115 

) 1.11 

'<') 1.105 

<5>-0 I.I 
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'-" 1.0• I '). 
1.0, t 3'\) C 

' µlJZ"'lZ-1' 

Puc. 3: Cne'K:mp arfirfie'K:mU6'H'btX Mace cocmoattuu K+ K- (a) u pn-
(6), 'K:pU6'bte - peay.11,'bmam annpo'K:cu.Ma'4uu; (e) - pacnpeae.11,ettue 
co6'btmui1 no arfirfie'K:mU6'H'bt.M .Macca.M M(K+ K-) u M(pn--) 

Ha pHC. 3a H 36 npe,ll.CTaBJieHhI C00TBeTCTBeHH0 pacnpe,ll.eJieHH5I 

3q>q>eKTHBHhIX Mace (M) cocT05IHHfi K+ K- (M(K+ K-)) H pn-
( M (pn--)). qeTKO BhI,ll.eJI5IeMbie CllrHaJlbI Ha IIpHBe,ll.eHHhIX 
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pacrrpe,n;eJiemrn:x MoryT 6hITh llHTeprrpeTHpOBaHhI, KaK CllrHaJihI OT 

¢ II AO cooTBeTCTBeHHO. 

IIapaMeTphI cHmaJia B crreKTpe M(K+ K-) 6hIJIH orrpe~eJieHhI 

B pe3yJihTaTe ero arrrrpOKCHMa:1i;Hll cynepnO3llIJ;lleii CBepTKll 

cpyHKIJ;HH BpeiiTa-BHmepa c rayccoBoii cpyHKIJ;Heii (,n;mi yqeTa 

pa3perneHH.SI cneKTpOMeTpa). <I>oH 6hIJI annpOKCllMllpOBaH rJia,D;KOii 

cpyHKIJ;Heii. CllrHaJI B cneKTpe 3<p<peKTllBHhIX Mace CllCTeMhI p7r-, 

annpoKCllMllpOBaJIC.SI cynepnO3llIJ;Heii <I>YHKIJ;llii , raycca, a q>OH -

JIHHeiiHOii cpyHKIJ;Heii. IloJiy'leHHhie xapaKTepHCTllKll CllrHaJIOB ¢ 
II AO B npe,n;eJiax norpernHOCTeii xoporno corJiacyIOTC.SI c ,n;aHHhIMH 

Particle Data Group (PDG) 3. 9TO ,n;aeT ocHoBaHHe c,n;eJiaTh Bhrno,n; o 

Ha,n;e)KHOCTH npHMeHeHHOii npoii;e,n;yphl BhI,D;eJieHH.SI CllrHaJIOB. 

,II:JI.SI BhI,D;eJieHH.SI accoii;HaTHBHO pO)K,ll;eHHhIX <p ll AO 
npoaHaJill3llpOBaHO ,D;ByMepHOe pacnpe,n;eJieHHe 3<p<peKTllBHhIX Mace 

KOM6HHaIJ;Hii K+ K- II p1r- (pHc. 3B). B o6JiaCTH nepece'leHH.SI 

Mace <p-Me3oHa II A 0-rHnepoHa Ha6JI10,n;aeTC.SI o6oraIIJ;eHHe co6hITH.SIMH, 

'ITO MO)KeT CJIY)KllTh YKa3aHHeM Ha HaJill'llle accoii;HaTHBHOro 

pO)K,ll;eHH.SI ¢ II AO
• KoJIH'leCTBO KoM6HHaIJ;Hii B CHrHaJie, 

o6yCJIOBJieHHOM accoii;HaTHBHhIM pO)K,ll;eHHeM <p ll AO' 6hIJIO 

BhI'lllCJieHO C HCnOJih3OBaHHeM npoii;e,n;yphl pa36HeHH.SI ,D;ByMepHoro 

pacnpe,n;eJieHH.SI Ha oT,n;eJihHhie 3JieMeHThI c onpe,n;eJieHHhIM rnaroM no 

M(K+ K-) II M(pn-) II cocTaBHJIO 2818 ± 160. KoM6HHaTOpHhiii 

q>OH B o6JiaCTll CllrHaJia He npeBhIIIIaeT 3%. 

9cpcpeKTllBHOCTh perHCTpaIJ;Hll co6hITllii c accoii;HaTHBHhIM 

pO)K,ll;eHHeM <p ll AO noJiy'leHa ll3 MO,D;eJIHpOBaHH.SI, KOTOpoe 

BhIIIOJIH.SIJIOCh ,ll;BYM.SI crroco6aMH: B nepBOM , npHMeH.SIJIC.SI 

cKoppeKTHpoBaHHhiii reHepaTop FRITIOF; BO BTopoM - HcnoJih3o

BaJiach Mo,n;eJih po)K,n;eHH.SI ¢AO qepe3 o6pa3oBaHHe npoMe)KyTO'IHOii 

KOMnayH,n;-'laCTlllJ;hI. ,II:ocTHrHYTO ( CM. pHC. 4) xopornee corJiaCHe 

3KCnepHMeHTaJihHhIX ll noJiy'leHHhIX ll3 MO,D;eJIHpOBaHH.SI cneKTpOB 

npo,n;OJihHhIX ll nonepe'IHhIX HMnyJihCOB aCCOIJ;HaTHBHO pO)K,ll;eHHhIX 

¢AO, pacnpe,n;eJieHHii no MHO)KeCTBeHHOCTll 3ap.SI)KeHHhIX 'laCTHIJ;, 

cneKTpOB npo,n;OJihHOro ll KBa,n;paTa rronepe'IHOro HMnyJihCOB 

3S. Eidelman et al., Review of Particle Physics, Phys. Lett. B 592 (2004) 1. 

10 

" 

~1000 f ~ a ~ r ~ 6 I !: E ~ e ~ ~ )K 
~ 100 

500w 500u :l I l rsoo 
J t I I I 600 'l o o , 400 

l 

I 0 10 20 30 40 0 10 20 JO 40 
JOO~ I I 1400 

"'v P,(ef>), raBL: P,(A)i raB/c 200 "';;;- n;; ti; I t , , , 200 
C! 1500 t:'.j500 100 
"' B "' 
!1000 ~ ~ I I O 20 40 60 0 0.5 1 LS 

P,, raB/c Pl, f3B2/c2 

5001- -1 I sool- "l I ~ . 
l';i 400 .... ... 

0.25 0.5 0.15 1 0 0.25 0.5 0.15 1 ci' 350 

---~ . 
P/(<f>)., f3B2 /c2 P/(1\), f3B2 /c2 300 

~ 1000 ~ ~ ,n; I :: 
150 

500 1 1. iJ 100 
50 

0 
4 6 8 10 2.1 2.2 2.3 2.4 2.5 2.6 2.1 2.8 

Ntrk M(K+ ~-p1r-), faB/c2 

Puc. 4: (a}-(i} uMny.11,'bc'H'bte cne'l'Cmp'bL acco'4uamue'Ho po:J1Cae'H'H'bLX 
¢ u AO

; (a) - pacnpeae.11,e'Hue no M'H0:J1Cecmee'H'Hocmu aap.il:J1Ce'H'H'bLX 
"l,acmu'4; cne'l'Cmp'bl npoao.11,'b'HOU (e) u 'l'Ceaapama nonepe"l,'HOU 
{:>IC} cocmae.11,.a,10~ux uMny.11,'bcoe 'l'COMnay'Ha-"l,acmu'4'bL; cne'l'Cmp 
3rprpe'l'Cmue'H'bLX Mace M(K+K-p1r-) (a). 3aec'b u 'Ha puc.6 

iucmoipaMMa - 3'/'CcnepuMe'Hm; 6 - C'l'Coppe'l'Cmupoea'H'Ha.R MoaM'b 
FRITIOF; 0 - .M,OaM'b 'l'COMnay'HO-"1,aCmU'4'bl. 

11 



KOMnaytt,n;-qacTJID;hI, a TaK)Ke 3cpcpeKTJIBHhIX Mace M(K+ K-p1r-). 
CneKTpbI, noJiyqeHHbie JI3 MO,ZI,eJIJipOBaHmI, OTHOpMJipOBaHbl Ha 

KOJIJiqecTBO 3KCnepJIMeHTaJibHbIX co6bITJiii. 

CJicTeMaTJiqecKrui: norpernHOCTh onpe,n,eJieHJIH 3cpcpeKTJIBHOCTJI 

perJICTpaD;JIJI npJI JICnOJib3OBaHJIJI cnoppenmup06a1-1,'HOU Moae.11,u 
FRITIOF CBH3aHa c no,n,6opoM napaMeTpOB MO,ZI,eJIJI JI onpe,n,eJIHJiaCb 

nyTeM BapbJipOBaHJIH cpyHKIJ;Jiii OTKa3a OT pa3birpaHHbIX co6hITJIH. 

BapbJipOBaHJie npOJI3BO,ZI,JIJIOCb TaKJIM o6pa30M, qTo npJI cpaBHeHJIJI 

BCex ynOMHHYThIX 3KCnepJIMeHTaJibHbIX JI noJiyqeHHbIX JI3 

Mo,n,eJIJipoBaHJIH pacnpe,n,eJieHJiii, 3HaqeHJie x2, BbiqJICJIHeMoe c 

noMOIIJ;bIO nporpaMMhI MINUIT, JI3MeHHJIOCh He 6oJiee, qeM Ha 

BeJIJiqJIHY 1, 07, onpe,n,eJIHIOIIJ;YIO 70% ypoBeHb ,ZJ,OCTOBepHOCTJI. 9To 

npJIBeJio K BapJiaD;JIHM 3cpcpeKTJIBHOCTJI pemcTpan;JIJI Ha ~ 10%. 
IJpJI JICnOJib3OBaHJIJI Moae.11,u noMnaytta-'4-aCmU'll/bt OCHOBHOH 

BKJia,ZI, B CJICTeMaTJiqecKyIO norpeIIIHOCTb ,n,aeT qyBCTBJITeJibHOCTb 

pe3yJihTaTa K MHO)KeCTBeHHOCTJI 3apH)KeHHbIX qaCTJID; B 

co6hITJIHX. ,Il;JIH yJiyqrneHJIH COrJiaCJIH pacnpe,n,eJieHJIH co6hITJIH no 

MHO)KeCTBeHHOCTJI 3apH)KeHHbIX qacTJID; no,n,6JipaJIJICb BepOHTHOCTJI 

OTKa3a OT pa3birpaHHbIX co6hITJiii, nO3BOJIJIBIIIJie COBMeCTJITb cpe,ZJ,HJie 

BeJIJiqJIHbl 3KcnepJIMeHTaJibHOii JI noJiyqeHHOii JI3 MO,ZJ,eJIJipOBaHJIH 

MHO)KeCTBeHHOCTeii. 8 pe3yJibTaTe JI3MeHeHJie 3cpcpeKTJIBHOCTJI 

perJICTpan;JIJI COCTaBJIJIO ~ 19%. 
3HaqeHJIH 3<pcpeKTJIBHOCTJI perJICTpan;JIJI ¢AO ,ZI,JIH Ka)K,ZI,Oii MO,ZJ,eJIJI, 

noJiyqeHHbie C yqeTOM BbIIIIeJI3JIO)KeHHOro, npe,n,cTaBJieHbl B Ta6JI. 1. 

Ta611,u'llia 1: 3tta'4.e'HU.H, 3<p<penmuettocmeu pe2ucmpa'lliuu ¢A 0 

E, % 
Cnoppenmupoeatttta.H, 

MOae.tl,'b FRITIOF I 0, 097 ± 0, 002(cTaT.) ± 0, 0lO(cuCT.) 
Moae.11,'b 

noMnaytta-'4-acmU'Ui'bt I 0, 100 ± 0, 004(cTaT.) ± 0, 020(CllCT. 

Xopornee corJiacJie noJiyqeHHbIX He3aBJICJIMO pe3yJibTaTOB 

no,n,qepKJIBaeT JIX ycTofiqJIBOCTb K KpJITepJIHM aHaJIJI3a. 8 
KaqecTBe OKOHqaTeJibHOrO 3HaqeHJIH ceqeHJIH JIHKJII03JIBHOro 

12 

pO)K,ZJ,eHJIH ¢AO BbI6paH pe3yJibTaT, noJiyqeHHblll npJI JICnOJib3OBaHJIJI 

cKoppeKTJipoBaHHOii Mo,n,eJIJI FRITIOF, TaK KaK B 3TOii MO,ZI,eJIJI 

6hIJIO ,ZI,OCTJirHyTo Jiyqrnee COrJiaCJie 3KCnepJIMeHTaJibHbIX JI 

MO,ZI,eJIJIPOBaHHbIX JIMnyJibCHbIX cneKTpOB, a TaK)Ke pacnpe,n,eJieHJill 

co6bITJIH no MHO)KeCTBeHHOCTJI 3apH)KeHHbIX qacTJIIJ;. Pa3HJID;a 

3HaqeHJiii 3cpcpeKTJIBHOCTeii, noJiyqeHHbIX ,ZI,JIH pa3HbIX MO,ZI,eJieii, 

yqTeHa B CJICTeMaTJiqecKOii norpernHOCTJI OKOHqaTeJibHOro 

pe3yJibTaTa. TaKJIM o6pa30M, noJiyqeHHaH 3cpcpeKTJIBHOCTb 

perJICTpan;JIJI ¢AO COCTaBJIJia 

E = (0, 097 ± 0, 002(cTaT.) ± 0, 0lO(cucT.))%. 

CeqeHJie JIHKJII03JIBttoro accon;JiaTJIBHoro pO)K,ZI,eHJIH ¢ JI AO B 

HeiiTpOH-yrJiepO,ZJ,HbIX B3~JIMO,ZI,eiiCTBJIHX ( O" nC (¢AO X)) BblqJICJIHJIOCb 

no cpopMyJie: 

N-A 
O"nC = · , 

Mn · T · NAB · E • Br1 · Br2 
(4) 

r,n,e N = 2818 ± 160 - KOJIJiqecTBO co6h1TJIH accon;JiaTJIBHOrO 

o6pa3oBaHJIH ¢A 0; A = 12, 011 - aTOMHaH · Macca H,ZJ,pa MJirnettJI; 

Mn= (2,311 ± 0, 084) · 1011 - qJICJIO HeiiTpOHOB, nporne,ZI,IIIJIX qepe3 

ycTaHOBKY 3a BpeMH 3KCnO3JID;JIJI; T = 1, 3 r / CM2 - TOJIID;JIHa MJIIIIeHJI; 

NAB - qJicJio ABora,n,po; E = (0, 097 ± 0, 010)% - 3cpcpeKTJIBHOCTh 

pemcTpan;JIJI ¢A0; Br1 = (49, 1 ± 0, 8)% - BepoHTHOCTh pacna,n,a 

¢---* K+ K~; Br2 = (63, 9 ± 0, 5)% - BepoHTHOCTh pacna,n,a A0 --:.+ p1r-. 
CTaTJICTJiqecKaH norpernHOCTh ceqeHJiii onpe,n,eJIHJiach norpern-

HOCThIO KOJIJiqecTBa BbI,ZI,eJieHHbIX co6hITJiii accon;JiaTJIBHOro 

pO)K,ZJ,eHJIH ¢ JI AO• 

B CJICTeMaTJiqecKyIO norpernHOCTb onpe,n,eJieHJIH ceqeHJIH 

BXO,ZJ,HT: norpeIIIHOCTb 3cpcpeKTJIBHOCTJI perJICTpan;JIJI accon;JiaTJIBHO 

pO)K,ZJ,eHHbIX q> JI AO, norpeIIIHOCTb JI3MepeHJIH KOJIJiqecTBa HeiiTpOHOB, 

nporne,ZJ,IIIJIX qepe3 BCIO ycTaHOBKY 3a BpeMH 3KCnO3JID;JIJI, TOqHOCTb 

JI3MepeHHhIX BepoHTHocTeii pacna,n,oB ¢ ---* K+ K- JI AO ---* p1r-. 
TaKJIM o6pa30M, noJiyqetto 

O"nc( </>AO X) = (614 ± 35(cmT.) ± 67(cucT.)) MK6H. (5) 
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Co6bITII.H C aCCOII,llaTIIBHbIM o6pa30BaHileM q>--Me30HOB II 

HefiTpaJibHbIX KaOHOB IIMeeT CJie,nyIOrrzyIO TOIIOJIOrIIIO: 

n + N -t </> + K 0 
/ J(O + X. (6) 

IlpII OT6ope KaH,lJ;ll,ll;aTOB Tpe60BaJIOCb HaJIIl"<IIle B co6bITIIII He MeHee, 

"<IeM ,IJ;Byx IIOJIO)KIITeJibHO II ,n;ayx OTpm:i;aTeJibHO 3ap.H)KeHHbIX "<IaCTIIII;. 

,II;JI.H BbI,IJ;eJieHII.H q>--Me30HOB paccMaTpIIBaJIC.H IIX pacrra,n; Ha ,IJ;Ba 

3ap.H)KeHHbIX KaOHa (2). HefiTpaJibHbie KaOHbl Il,IJ;eHTIICPIIII;IlpOBaJIIICb 

no IIX pacrra,u;aM Ha ,n;aa 3ap.H)KeHHbIX IIIIOHa B Ha6JIIO,n;aeMOM 

COCTO.HHIIII 

K~ -t 1r+1r-. (7) 

Ha PIIC. 5a II 56 rrpe,n;cTaBJieHbl COOTBeTCTBeHHO pacrrpe,n;eJieHII.H 
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Puc. 5: CneKmp a<Jj<JjeKmuett'btX Mace cocmo.Rttuu K+ K- {a} u n+n
(6), Kpue'bte - peay11,'bmam annpoKcuMa'4uu; (e) - pacnpeaMettue 
co6'btmuu no a<Jj<JjeKmuettuM .Macca.M M(K+ K-) u M(n+n-) 

acp<peKTIIBHhIX Mace cocTO.HHilfi K+ K- II 1r+1r- ,IJ;JI.H co6h1TI1fi, 

OT06paHHbIX C y-qeTOM rrepe"<IIICJieHHbIX BbIIIIe orpaHil"<IeHilfi. 1.JeTKO 

BbI,ll;eJI.HeMbie CilrHaJibl Ha rrpIIBe,u;eHHblX pacrrpe,n;eJieHII.HX MOryT 6bITb 
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IIHTeprrpeTilpOBaHbI, KaK CilrHaJibl OT </> II K~ COOTBeTCTBeHHO. 

IloJiy"<IeHHbie xapaKTepttCTHKH </> lI K~ a rrpe,u;eJiax rrorpernHOCTefi 

xoporno corJiacyIOTC.H c ,u;aHHbIMH PDG. 
Ou;eHKa KOJIH"<IeCTBa accou;ttaTHBHO po)K,u;eHHbIX </> lI K~ 

6h1Jia rrpoae,u;eHa Ha ocHoae aHaJIH3a ,n;ayMepHoro pacrrpe,n;eJieHH.H 

3<p<peKTlIBHbIX Mace KOM6HHau;ttfi K+ K- lI 7r+7r- (plIC. 5B). 

KoJIH"<IeCTBO accou;ttaTlIBHO pO)K,IJ;e~HbIX </>K~ COCTaBlIJIO 227 4 ± 224 
KOM6HHaII;Hfi. 

,II;JI.H pac"<JeTa 3<p<peKTlIBHOCTII perIICTpau;ttlI </> C K~ 
lICIIOJib30BaJilICb ,u;ae MO,IJ;eJilI lIX accou;ttaTIIBHOro pO)K,IJ;eHlI.H: 

cKoppeKTttpoaaHHhifi reHepaTop FRITIOF lI Mo,u;eJib KOMrrayH,n;

"<IaCTIIII;bI. 9KcrrepI1MeHTaJibHbie II IIOJiy"<IeHHbie lI3 MO,IJ;eJIHpOBaHlI.H 

crreKTpbl rrpO,IJ;OJibHbIX II KBa,u;paTOB rrorrepe"<IHbIX lIMIIYJibCOB 

accou;ttaTIIBHO pO)K,IJ;eHHbIX </> II K~, a TaK)Ke pacrrpe,u;eJieHII.H co6bITilfi 

no MHO)KeCTBeHHOCTlI 3ap.H)KeHHbIX "<IaCTlIII; rrpe,u;cTaBJieHbl Ha plIC. 6. 
KaK Bil,IJ;HO, ,IJ;OCTilrHyTo xopornee corJiaCile 3KCIIepHMeHTaJibHbIX 

crreKTpOB II crreKTpOB, IIOJiy"<IeHHbIX lI3 MO,IJ;eJIHpOBaHlI.H. CrreKTpbl 

rrpO,IJ;OJibHOro II KBa,n;paTa rrorrepe"<IHOro IIMIIYJibCOB KOMrrayH,n;

"<IaCTlIII;bI, a TaK)Ke crreKTP M(K+ K-n+n-) rrpttae,n;eHhI Ha pI1c. 6. 
CrreKTpbI, IIOJiy"<IeHHbie lI3 MO,IJ;eJIHpOBaHII.H, OTHOpMlipOBaHbl Ha 

KOJilI"<IeCTBO 3KCIIepI1MeHTaJibHbIX co6bITilfi. 

3Ha"<IeHII.H 3cp<peKTlIBHOCTlI perlICTpau;ttlI </>K~ ,IJ;JI.H Ka)K,IJ;Ofi MO,IJ;eJIII 

rrpe,n;cTaBJieHbl a Ta6JI. 2. 

Ta611,u'4a 2: 3tta"l,ettu.R a<Jj<JjeKmuettocmeu pe2ucmpa'4UU </>K~ 
E, % 

CKoppeKmupoeatttta.R 
.MoaM'b FRITIOF I 0, 084 ± 0, 002(cTaT.) ± 0, 021(cncT.) 

MoaM'b 
KO.Mnaytta-"1,aCmU'4'bt I 0, 074 ± 0, 003(CTaT.) ± 0, 0lO(CHCT . 

Xopornee corJiactte 3TIIX He3aBlIClIMbIX pe3yJihTaTOB rro,u;qepKIIBaeT 

lIX ycTofiqlIBOCTb K KpIITeplI.HM aHaJilI3a. B Ka"<IeCTBe OKOH"<IaTeJibHOfi 

BeJilI"<IIIHbl lICIIOJib30BaHO 3Ha"<JeHile 3<p<peKTlIBHOCTlI perlICTpau;HII 

</>K~, IIOJiyqeHHOe MeTO,IJ;OM Bbl"<IlICJieHII.H cpe,n;HeB3BerneHHOro 
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"-lacmu'4; cne'K:mp'bt npoao11,'b'Ho20 (e) u 'K:6aapama nonepe"-l'Hozo 
({)IC) uMny11,'bco6 'K:OMnay'Ha-"-lacmu'4'bt; cne'K:mp arfirjje'K:mU6'H'btX Mace 

M(K+ K-1r+1r-) (a). 
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3Ha'lemrn: no pe3yJihTaTaM He3aBIICIIMblX o:u;eHOK O,ll;HOll II TOH )Ke 

BeJIII'IIIHbl: 

E = (0, 077 ± 0, 010)%. (8) 

IlpII 9TOM CTaTIICTII'leCKIIe II CIICTeMaTII'leCKIIe norpemHOCTII 

Bbl'IIICJieHbl C yqeTOM BeCOBOll <PYHK:a;IIII II npocyMMIIpOBaHhl 

KBa,n;paTII'IHO. 

Ce'IeHIIe IIHKJII03IIBHoro acco:u;IIaTIIBHoro po)K,n;eHII.H ¢ II K~ 
(o-nc(¢K~X)) BhI'IIICJI.HJIOCh no q>opMyJie (4), r,n;e N = 2274 ± 224 

KOJIII'leCTBO co6hITIIll acco:u;IIaTIIBHOrO o6pa30BaHII.H ¢K~; 
E = (0, 077 ± 0, 010)% - 9q>q>eKTIIBHOCTb perIICTpa:a;IIII ¢K~; 
Br2 = (68, 61 ± 0, 28)% - Bepo.HTHOCTh pacna,n;a K 0 ----* 1r+1r-. 

CTaTIICTII'lecKa.H rrorpemHOCTh ceqem1ii orrpe,n;eJI.HJiach II3 

rrorpemHOCTII KOJIII'leCTBa co6hITIIll acco:u;IIaTIIBHOro o6pa30B3,HII.H 

¢Kl B c1IcTeMaT1I'lecKy10 norpemHOCTh orrpe,n;eJieHII.H ce'leHII.H 

BXO,ll;.HT: norpemHOCTb 9q>q>eKTIIBHOCTII perlICTpa:a;IIII acco:u;IIaTIIBHO 

po)K,n;eHHhIX ¢ II K~, rrorpemHOCTh II3MepeHII.H KOJIII'leCTBa Heii±poHoB, 

rrpome,n;mIIX qepe3 ycTaHOBKY 3a BpeM.H 9KCIIO3IID;IIII, TO'IHOCTb 

II3MepeHHhIX Bepo.HTHOcTeii pacrra,n;oB ¢ -+ K+ K- II K~ -+ 1r+1r-. 

TaKIIM o6pa30M, IIOCJie rro,n;cTaHOBKII BCex BeJIII'IIIH B ( 4) IIOJiy'leHO 

3Ha'leHIIe ce'leHII.H IIHKJII03IIBHOrO acco:u;1IaT1IBHOro pO)K,ll;eHII.H qJ II K~ 
B HeiiTpOH-yrJiepo,n;HhIX B3aIIMO,n;eiicTBII.HX: 

O"nc(¢Kix) = 581 ± 57(cTaT.) ± 79(cncT.) MK6H. (9) 

Ilpe,n;rroJiara.H, 'ITO o-(¢K0 X) + o-(¢K0 X) ~ 2o-(¢K~X), MO)KHO 

Bbl'IIICJIIITb ce'leHIIe IIHKJII031IBHOrO acco:u;IIaTIIBHOrO pO)K,ll;eHII.H 

¢-Me30HOB II HeiiTpaJihHhIX KaOHOB K 0 / i<0 B HeiiTpOH-yrnepo,n;HhIX 

B3alIMo,n;eiicTBII.HX (o-nc(¢K0 / K 0 X)): 

O"nc(¢K0 
/ K 0 X) = 1162 ± 114(cmT.) ± 158(cncT.) MK6H. (10) 

B ycJIOBII.HX OTCYTCTBII.H np.HMhIX II3MepeHIIii ce'leHIIii 

acco:u;1IaTIIBHOro po)K,n;eHII.H ¢-Me30HOB c AO 
II K 0 

/ i<0 

B rrpe,n;mecTByIOrn;IIx 9Kcrrep1IMeHTax, rrpoBe,n;eHo cpaBHeHIIe 

IIOJiy'leHHbIX B HaCTO.Hrn;eii pa6oTe BeJIII'IIIH c BeJI1I'11IHaM1I, 

Bbl'IIICJieHHbIMII KOCBeHHblM o6pa30M II3 pe3yJihTaTOB 9Kcrrep1IMeHTa 
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BHC-24 . °YqJITbIBaH BKJia,1:t;bI npou,eccoB o6pa3oBaHJIH ¢ c A O JI K 0 / R0 

B ITOJIHOe JIHKJII03JIBHOe ceqeHJle po)K,lJ.eHJIH </>-Me30HOB, COCTaBJIHIOIIJ,Jle 

COOTBeTCTBeHHO (20 ± 4)% JI (55 ± 17)%, JICITOJib3YH 3HaqeHJle 

ceqeHJIH JIHKJII03JIBHOro pO)K,I:t;eHJIH </> JI npe,n;noJiaraH ero JIJIHeiiHyIO 

3aBJICJIMOCTb OT aTOMHOii MaCCbl H,n;pa MJlilleHJI, MO)KHO ITOJiyqJITb 

3HaqeHJIH ceqeHJ1ii accou,J1aTJ1BHOro po)K,1:t;eHJ1H ¢ c A O JI K~ / R0 , 

paBHble (528 ± 216) MK6H/H,n;p0 
120 JI {1452 ± 696) MK6H/H,n;p0 

120, 
COOTBeTCTBeHHO. KaK BJl,Il;HO, BblqJICJieHHbie TaKJIM o6pa30M ceqeHJIH 

B npe,n;enax norpemHOCTeii xopomo corJiacyroTcH c pesyJihTaTaMJ1, 

ITOJiyqeHHblMJI B HaCTOHIIJ,eii pa6oTe ( CM. (5) J1 (10) COOTBeTCTBeHHO ). 

B nRmou e.riaee c,n;eJiaHa ou,eHKa ,1:t;OJIJ1 OUH-pa3pemeHHbIX 

npou,ecCOB accou,JlaTJIBHOro pO)K,I:t;eHJIH </>-Me30HOB C A 0-rJlnepoHaMJI 

JI KaOHaMH B ITOJIHOM HHKJII03JIBHOM pO)K,I:t;eHJIJI ¢, T.e. OTHOmeHHe 

Clacc.A,K(<f>X)/Cl(</>X), r,n;e Clacc.A,K(¢X) - ceqeHJle npou,eccoB 

accou,JlaTHBHOrO pO)K,lJ.eHJIH ¢-Me30HOB C AO H KaOHaMH, Cl( <f>X) -
ceqeHJle HHKJII03HBHOro pO)K,I:t;eHJIH ¢. CeqeHHe Clacc.A,K(<f>X) HBJIHeTCH 

HJl)KHeii rpaHHIJ,eii ITOJIHOro ceqeHJIH Cl acc. ( <f>S X) accou,HaTJIBHOro 

pO)K,1:t;eHHH </>-Me30HOB co CTpaHHblMH qacTHIJ,aMJI ( Cl acc.A,K ( <f>X) < 
Clacc.(<f>SX)), TaK KaK B 3TOii BeJIJlqHHe He yqTeHO, KaK MJIHJIMYM, 

pO)K,1:t;eHJle <f> C ~± JI aHTHrHnepoHaMJI ( BKJia,n; TaKJIX npou,eccoB .H3 

cpaBHeHHH JIHKJII03HBHbIX ceqeHHii pO)K,I:t;eHJIH ~± JI aHTHrHnepOHOB 

B HYKJIOH-HYKJIOHHbIX B3aJIMO,n;eiiCTBJIHX C COOTBeTCTBYIOIIJ,JIMH 

HHKJII03HBHbIMJI ceqeHHHMJI pO)K,I:t;eHHH, HanpHMep, A 0-rJlnepOHOB5 

O)KJ1,1:t;aeTCH Ha ypOBHe HeCKOJibKHX npou,eHTOB). Ilo3TOMY OTHOmeHJle 

Cl acc.A,K( <f>X) / Cl( </>X) onpe,n;eJIHeT orpaHJ1qeHJ1e CHJ13Y Ha cyMMapHbiii 

BKJia,n; OUH-pa3pemeHHbIX npou,eccoB B peaKIJ,JIHX JIHKJII03HBHoro 

pO)K,I:t;eHJIH ¢. IlpHHJIMaH BO BHJIMaHJle o6H3aTeJibHOe HaJIJlqJle cpe,1:t;J1 

X eIIJ,e o,n;Hoii cTpaHHoii qacTJIIJ,bI : 

1 5 

Clacc.A,K(<f>X) = 2 · ti Cl(</>SiX), (11) 

r,n;e Cl( <f>SiX) - 3HaqeHHH ceqeHHii HHKJII03HBHOro accou,naTJIBHOrO 

4 A.N. Aleev et al., JINR, El-90-316, Dubna, 1990, 9p. 
5 A.H. Aneea JI ,rq>., OIUUI, ,l])-2001-98, 2001, 16c.; A.N. Aleev et al., Eur.Phys.J. C 27 (2003) 

547. 
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po)K,1:t;eHJ1H ¢ n Si, Si E (A0,K0,R0 ,K+,K-). 
CeqeHJle JIHKJII03HBHOrO pO)K,I:t;eHJIH ¢ 6bIJIO H3MepeHO Ha .OCHOBe 

aHaJIJl3a JICCJie,n;yeMoii 3KCnepJ1MeHTaJibHOii BbI6opKH co6bITHii. 

BbI~eJieHO OKOJIO 75000 KOM6J1Hau,nii, COOTBeTCTBYIOIIJ,HX 3TOMY 

npou,eccy. ,II;JIH onpe,n;eJieHHH 3q><peKTJIBHOCTJI pemcTpaIJ,HH </> 6b1JI 

JICITOJib3OBaH cKoppeKTJ1poBaHHbiii reHepaTop FRJTIOF. 11:sMepeHHaH 

BeJIJlqHHa ceqeHJIH HHKJII03HBHOrO pO)K,r:i,eHHH q,-Me30HOB COCTaBJIJia 

(2095 ± 407) MK6H/H,n;p0 
120. 

°YqHTbIBaH pesyJibTaTbI 3KcnepJ1MeHTa BHC-2, KOTOpbie no3BOJIHIOT 

c,n;eJiaTb BbIBO,I:t; 0 TOM, qTO ceqeHJle accou,J1aTJ1BHOrO pO)K,1:t;eHJIH 

</>-Me30HOB C K 0 JI R0 npJ16JIJ13JITeJibHO paBHO ceqeHHIO 

accou,naTHBHoro po)K,1:t;eHHH ¢ c K+ H K-, T.e. Cl( ¢K0 X) +CJ( <f>J<O X) ~ 
Cl(¢K+ X) + CJ(</>K-X), H npe,n;noJiaraH, qTQ Cl(¢K0X) + CJ(¢J<0 X) ~ 
2CJ(</>K~X), J1MeeM: 

Clacc.A,K(</>X) ~ R = ! . Cl{¢A
0 X) + 4Cl(</>K~X) 

Cl(</>X) 2 · Cl(</>X) 
{12) 

C yqeTOM cpopMyJibl ( 4), IlOCJie,n;Hee Bbipa)KeHHe MO)KHO npHBeCTH K 

H3MepeHHbIM B 3KcnepJ1MeHTe BeJinqJ1HaM N(<f>), N(<f>A), N(<f>Ks), 
E(</>), E(</>A), E(</>Ks), r,n;e N - KOJinqecTBO co6hITHii po)K,1:t;eHHH 

COOTBeTCTBYIOIIJ,JIX qacTHIJ, JIJIJI JIX KOM6J1HaIJ,Hii, YKa3aHHblX B 

CK06Kax, E - 3q>q>eKTHBHOCTJI HX perJICTpaIJ,JIH, noJiyqeHHbie H3 

MO,I:t;eJIHpOBaHJIH C HCITOJib3OBaHJleM CKOppeKTJlpOBaHHOro reHepaTopa 

FRJTIOF: 

N(</>A) N(</>K~) 
R = ! . E(</>A)Br(A) + 4€(</>KZ)Br(KZ) 

2 N(</>) 
€(</>) 

= 0, 72 ± 0, 16, (13) 

r,n;e Br(A) = {63, 9 ± 0, 5) % - BepoHTHOCTb pacna,n;a A
0 --+ pn-, 

Br(Ks) = (68, 61 ± 0, 28) % - BepoHTHOCTb pacna,n;a K~--+ n+n-. 
IlpJ1. Bb1qJ1cJieHHH norpemHOCTJI R yqTeHbI KaK cTaTJ1CTJ1qecKne, TaK 

H CJICTeMaTnqecKHe norpemHOCTH BCex BeJIHqHH, HCITOJib3yeMblX B 

cpopMyJie {13). TaKJIM o6pa30M, ITOKa3aHO, qTo pO)K,1:t;eHJ1e ¢-Me30HOB 

B HeiiTpOH-H,n;epHbIX B3aHMO,n;eiiCTBJIHX npJI cpe,n;Heii 3HeprHJI nyqKa 

HeiiTpOHOB ~ 51 f3B B OCHOBHOM npOHCXO,I:t;JIT B conpOBO)K,I:t;eHHJI 

cTpaHHbIX qacTJ1IJ,, qTo coOTBeTCTByeT npe,n;cKa3aHJIHM npaBJ1Jia OUM. 

19 



B aa'X:/L10'4-ettuu ccpopMyJIHpOBaHhl OCHOBHhie pesyJihTaThl pa60Thl H 

BhIBO,Il;hl ,n;11ccepTaII,HH: 
., 

1. BnepBhie B He:iiTpOH-.H,n;epHhIX B3aHMo,n;eiicTBH.HX H3MepeHhI 

ceqeHH.H accou.11aTHBHOro pO)K,It;eHH.H q>--Me30HOB C A-r11ne

. poHaMH ( CJ nC (¢AO X)) 11 HeiiTpaJihHhIMH KaoHaMH K 0 / k 0 

(CJnc(¢K0 / K 0 X)). ,Il;JIH noJIHoil: KHHeMaT11qecKoii o6JiaCTH no xp 
(-1 ::; Xp ~ l) 9TH ceqeHH.H COCTaBHJIH B pacqeTe Ha H,n;po 12C: 

Clnc(¢A0X) = (614 ± 35(cTaT.) ± 67(CIICT.)) MK6H, 

Clnc(¢K0 
/ J(O X) = (1162 ± 114(cmT.) ± 158(cncT.)) MK6H. 

CpaBHeHHe noJiyqeHHhIX ,n;aHHhIX C ,n;aHHhIMH, BhlqHcJieHHhIMH Ha 

ocHoBe pesyJihTaTOB 9KcnepHMeHTa BI1C-2, noKasaJio xopornee 

corJiac11e pesyJihTaTOB ,It;BYX 9KCnepHMeHTOB, npoBe,n;eHHhIX B 

HeiiTpOHHhIX nyqKax npH 6JIH3KIIX cpe,n;HHX 9Hepr1I.HX HeiiTpOHOB. 

2. Ha OCHOBe II3MepeHHhIX ceqeHIIll noJiyqeHO orpaH11qeH1Ie 

CHII3Y Ha cyMMapHhlll BKJia,n; OIJ;I1-pasperneHHhIX npou.eccoB B 

peaKII,II.HX HHKJII031IBHOro pO)K,Il;eHH.H <p-Me30HOB - (72±16)%, qTo 

He npoT1IBopeq1IT npaBHJIY OIJ;I1. 

3. Paspa6oTaHhI II 11cnoJih30BaHhI pa3JIII11Hhie Mo,n;eJIII po)K,n;eHHH 

q>--Me30HOB co CTpaHHhIMII qacTHII,aMII,· qTo n03BOJIIIJIO npoBeCTII 

no ,n;Ba He3aBIICIIMhIX II3MepeHH.H 9<p<peKTHBHOCTeii perlICTpaII,IIH 

¢ c A O 11 ¢ c K~ 9Kcnep1IMeHTaJihHOii ycTaHOBKoii 8KG9APM; 

nOKa3aHa npaKTIIqecKa.H npHMeHIIMOCTh ,Il;JI.H MO,It;eJIHpOBaHII.H 

ycJIOBHii 9TOro 9KCnepHMeHTa paspa6oTaHHhIX MO,It;eJieii Ha OCHOBe 

cKoppeKTHpoBaHHoro reHepaTopa FRITIOF. 

4. PasBHThI nporpaMMHhie KOMnJieKChI, HCnOJih3yeMbie ,It;JI.H 

aHaJIH3a HaKOnJieHHOii 9KCnepHMeHTaJihHOii HH<pOpMaII,IIII H 

,It;JI.H MO,It;eJIIIpOBaHH.H 9KCnep1IMeHTa; ,It;OCTHrHyTo cym;ecTBeHHOe 

ycKopeHIIe pa6oT no aHaJIII3Y ,n;aHHhIX sa cqeT npHMeHeHII.H 

cneII,IIaJihHO paspa6oTaHHOro q>OpMaTa HX KOMnaKTHOro 

xpaHeHH.H Ha MaIIIIIHHhIX HOCHTeJI.HX. 
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