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06w;M xapaKTepIICTIIKa pa60Tbl 

.IlIIccepTaIIII5l TIOCB5lll(CHa pe3yJibTaTaM, TIOJIY'ICHHblM B npouec~e o6pa6oTKH 

II cj)H3H'leCKOro aHMII3a ,llaHHbIX no aHTIIITPOTOH-npOTOHHOH aHHIIrIIJI5lUHII B 

noKoe, Ha6paHHhlX c noMOW:hlO ,neTeKTopa OBELIX Ha KOJihUe Me,zrneHHbIX aH

TnnpoTOHOB LEAR B UEPH. OcHOBHhle pe3yJihTaThl ony6JIHKOBaHhl B pa6oTax 

[1]-[5]. 
AKTYa.JibHOCTb ,z:uiccepTan;lHI COCTOHT B TOM, .'ITO npe,nCTaBJI5l€MblH 3.llCCb 

UHKJI pa6oT HanpaBneH Ha IICCJICllOBaHIIe npIIpO,zrhl_ HOBoro, He,zraBno OTKphl

TOro 5lBJieHn:5l - CIIJibHOro napynreHII5l npamma Oey6o-UBeii:ra-MH3JKH B aHHII

rIIJI5lUHH nOK05lll(HXC5l aHTIIIlpOTOHOB. IlpoB03rJiameHHoe eme 'B 60-x ro.nax II 

npoBepeHHOe BO MHOrHX 3KCnepIIMCHTax, 3TO npaBIIJIO rJiaCHT, 'ITO npot4eCCbl, 

OntLCbl6aeMble auazpaMMaMU C pa3pbl6Hbl.M,U '/'.Bap'IWBbl.M,U .tlUHUHMU, noaaB.tleHbl 

[6]. 
CorJiaCHO HepeJI5lTIIBIICTCKOH KBapKOBOH MO,zreJIH, HJKJIOHbl H aHTHHJKJIOHbl 

He co.zrep)KaT CTP.aHHblX KBapKOB, B TO BpeMH KaK <p Me30H HBJIHeTCH npaKTH

'ICCKII 'IIICTbIM ss COCTOHHIIeM, C JIIIIllb HC60JibIDOH npIIMeChlO JICrKHX KBapKOB. 

TaKIIM o6pa3oM, po)K,neHIIe <p Me30HrJ. B aH;IIHJKJIOH-HJKJIO~Hoii: aHHHrHJIHUIIH 

HBJIHeTCH "3aIIpemeHHhlM
11 

no OUM npoueccoM. BhlXo,n <p Me30HOB MO)KHO npe.zr

cKa3aTh, OCHOBblBMCb Ha ,llaHHblX no pO)KllCHIIIO W Me30Ha, KOTOpbIH HMeeT Te 

)Ke KBaHTOBble 'IIICJia, HO COCTOHT JIHillb H3 JierKHX KBapKOB.· Tor.n;a, corJiaCHO 

HepeJIHTHBHCTCKOH KBapKOBOH MO,lleJIH, BblXO,Il;bl <p H W Me30HOB ,llOJI)KHbl OTHO

CHTbCH ( C TO'IHOCTIO .zro OTHOIIIeHHH cpa30BblX o6'beMOB) KaK ,D;OJIH co.nep)Kall(IIXCH 

B HHX JierKHX KBapKOB: 

R = Y(p + p ---+ <p + X) = tan28 = 4.2 · 10-3 • f 
Y(p + p---+ w + X). 

(1) 

3,n;ecb 8 = 8 - 80: no KBa,npaTH'IHOH MaCCOBOH cj)OpMJJie reJIJI-MaHHa-OKy6o 

yroJI CMeIIIHB8JIHH 8 = 39o I a n,n;eaJihHblH yrOJI CMeIDHBaHIIH 80 = 35.3°. 
IlpaBIIJIO OUM nOJIY'IHJIO MHoroKpaTHOe 3Kcnepn:MeHTaJibHOe no.n;TBep)K,n:e

HIIe B IlHOH-HJKJIOHHhlX, HJKJIOH-HJKJIOHHhlX H aHTIIHJKJIOH-HJKJIOHHbIX Ha JieTy 

peaKUHHX pO)K,ll;CHIIH </J(w) Me30HOB. 

He,n:aBHO B 3KCnepnMeHTax no HJKJIOH-aHTIIHJKJIOHHbIM B3aHMO,n:eii:CTBHHM B 

noKoe Ha ny'!Ke Me,zrJieHHhlX aHTnnpoTOHOB LEAR (UEPH) 6hlJIO o6Hapy)KeHo 

IIHTepecHoe HBJieHIIe [7],[8]: OKa3aJIOCb, 'ITO B HeKOTOpbIX peaKUHHX 8JIHIIrHJIH

UHH BblXO,ll; <p Me30HOB B HeCKOJibKO ,n:eCHTKOB pa3 npeBblIIIaeT O)KH.n;aeMblH (1). 

TaK, oKa3aJiocb, 'ITO ,n:JIH peaKunii: pp---+ <fry n: pp---+ W"f [7] R = (243±86) • 10-3, 

a ,n:JIH peaKun:ii: pp---+ ¢1r0 H pp ---+ w1r0 [8] R = (114 ± 24) . 10-3. 
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3TII OTKPhITHH nOBJieKJIH 3a co6oii O:lKHBJieHHyIO .!UICKYCCHIO H nOHBJieHHe 

u:enoro pH.D;a nomm.n;oB H Mo,n:eneii, o6'bHCHHIOIIUIX 3TO HBJieHHe. 

Mb! nonhITaJIHCb BhIHCHHTb, KaKHe cpaKTOphI BJIHHIOT Ha Ha6JIIO.n;aeMoe Ha

pyrneHHe npaBHJia OUM - KHHeMaTHKa npou:ecca, crnrn HaqaJibHoro cocTOHHHH, 

TIIII po:lK,n:aeMhIX COBMeCTHO C <p Me30HOM qacTHU:. 

I(eJib paOOTbl COCTOHJia B HCCJie,n:OBaHHH po:lK.n;eHHH <p Me30Ha B pH.D;e peaK

UHii aHTHIIpOTOH-npOTOHHOM aHHHrHJIHUHH B noime npu nOMOIUH JHHBepcaJib

HOro MarHHTHoro cneKTpoMeTpa OBELIX. B 3a,n:aqy Bxo.n:uno: 

• M3MepeHHe BhIXO.ll:OB peaKu:Hii pp ➔ ¢m+1r- H pp ➔ w1r+1r- ,n:JIH ,n:Byx TH

noB Bo,n:opo,n:noii MHIIIeHH - )KH,n:KOH H ra3006pa3HOM npu ,n:aBJieHHH 3 aTMO

ccpepbI. BapbHpOBaHHe nJIOTHOCTH MHIIIeHH n03BOJIHeT H3MeHHTb COOTHO

IIIeHHe Me:lK.n;y ,n:OJIHMH aHHHrHJIHU:Hii, npOHCXO.ll:HIIUIX H3 S- HP- BOJIHOBhIX 

COCTOHHHH pp aTOMa. 

• M3yqeHHe noBe,n:eHHH BhIXO.ll:OB peaKu:Hii pp ➔ ¢m+1r- H pp ➔ w1r+1r- B 3a

BHCHMOCTH OT BeJIHqHHhI 3cpcpeKTHBHOH MaCChI .!UIIIHOHHOH CHCTeMhI. IIo

CKOJibKY B peaKU:HHX aHTHIIpOTOHHOH aHHHrHJIHUHH B noKOe pp ➔ </>X ne

pe,n:aHHhIH HMnyJibC 0.ll:H03Haqno CBH3aH C Maccoii qacTHU, po:lK,n:aeMhIX C <p 
Me30HOM, HHTepeCHO 6bIJIO cpaBHHTb BeJIH~HhI OTHOIIIeHHM R = n:=::~~ 
.ll:JIH pa3HhIX 3cpcpeKTHBHhIX M8.CC CHCTeMhI X. 

• Uccne,n:oBaHHe peaKU:HH pp ➔ <p'f/ npH Tpex pa3JIHqHhIX THIIax Bo,n:opo,n:noii 

MHIIIeHH - )KH,n:KOii, H ,n:Byx ra3oo6pa3HhIX npH ,n:aBJieHHHX 1 aTM H 5 M6ap. 

CTOHJia 3a,n:aqa H3MepHTb BhIXO.ll: peaKU:HH, BbIHBHTb, KaKOe cnHHOBOe co

CTOHHHe npe.n:noqTHTeJibHeii .ll:JlH po:lK.n;eHHH <p Me30Ha B ,n:aHHOM npou:ecce 

H H3MepHTb BepOHTHOCTH aHHHI'HJIHUHH no ,n:aHHOMY Kanany ,n:JIH Ka:lK,n:Oro 

naqaJibHOro COCTOHHHH. MnTepecHO 6hIJIO 3aTeM conocTaBHTb nonyqeHHhIH 

pe3yJibTaT C HMeIOIUHMHCH ,n:aHHhIMH no peaKU:HH pp ➔ ¢m0 ,'KOTOpM H.n;eT 

H3 Tex :lKe naqaJibHhIX cocToHHHii, qTo pp_ ➔ </>'f], no c H30CIIHHOM I= 0. 

• M3yqenHe peaKIIHH pp ➔ K+ K-TJ npH Tpex THnax Bo,n:opo.n:Hoii MHIIIeHH -

:lKH,n:Koii, H ,n:Byx ra3oo6pa3HhIX npH ,n:aBJieHHHX 1 aTM H 5 M6ap, H3MepeHHe 

BhIXO.ll:OB peaKU:HH, onpe,n:eJieHHe cnHHOBOii 3aBHCHMOCTH peaKU:HH. 

• Pa3pa60TKa npoeKTa 3KcnepHMeHTa no H3yqeHHIO po:lK,n:eHHH </> Me30Ha BO 

B3aHMO,n:eiiCTBHH nOJIHpH30BaHHhIX .n:eiiTpOHOB C nOJIHpH30BaHHhIMH npo

TOHaMH B peaKU:HH df ➔3 He¢ ,n;nH npoBepKH npe,n:cKa3aHHii Mo,n:enu noJIH

PH30BaHHoro CTpaHHoro MOpH B HJKJIOHe [9],[10] . 
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HayqHrur HOBH3Ha .D:HCCepT<lllHH COCTOHT B CJie,n:yrorueM: 

• BnepBhle H3MepeHhI BhIXO.ll:hI peaKU:Hii pp ➔ </>(w)1r+1r- C BO,n:opo.n:noii MH-

111eHbIO npH ,n:aBJieHHII 3 aTM. 

• BnepBhle no,ny•ienhl pe3yJib~B.ThI n9 3aBHCHMOCTM BhIXO.ll:OB peaKUHii pp ➔ 
<p(w)1r+7r- OT MaCCbI ,n:HnHOHHOM CHCTCMbI. O6Hapy:lKeHO, qTo OTHOIIICHHC 

BbIXO.ll:OB <p H W MC30HOB pacTeT C YMCHblIICHHCM ,n:Hnl!OHHOM MaCCbl. 

• BnepBbie rrpoBe.n;eHO HCCJI~OBaHHC peaKWIH ]JP -f </>TJ C MHIIICHbIO ,npH HH3-

K0M ,naBJICHHH ·n peaKµHH pp ➔ K+ K..:.'f/ c :lKH.n;Koii MHIIICHbio H MHIIICHbIO 

. , npH H,H3KOM ,naBJICHHH. 

• BnepBbIC o6Hapy:lKeHa- CHJlbHaH 3aBHCHMOCTb BbIXO,na peaKU:HH pp ➔ 
K,+ K-'f] OT nJIOTHOCTH MHIIICHH . 

• OTKphITO HOB0e npaBHJI0 .[(HHaMHqecKOro OT6opa .[(JIH peaKU:HH pp ➔ <l>TJ, 
KOTopoe 3aKJIIOqaeTCH B TOM, qTo nepOHTHOCTb 3TOH peaKU:HH H3 COCTOH

HHH 1 Pi _Ha nopH.ll:OK 60JiblIIC, qeM_ ,H3 'C?CTOHHHH3 81, 'J;'11Koii pe3y~bTaT 

. OKa3aJICH nOJIHOCTbJQ npqT~)30,nOJIO)KHhIM 3aKOl{OMepHOCTII, ycTaI;iOBJieH-

~oii ;JIH K~Hana pp ➔ </>~0
. · 

• Pa3pa6oTaH npoeKT 3KcnepHMeHTa no nponepKe npc,ncKa3aHuii Mo,n:enu no

JIHpH30BaHHOM CTpaHHOCTH HyKJIOHa B peaKU:HH clp ➔3 He¢. 

IlpaKTHqecKrur neHHOCTb .D:HCCe}JTaJlHH COCTOHT. B TOM, ~ITb nony•ICH

Hhle pe3JJihTaThI pac111upHJIH na111H 3HaHHH o cnoiicTnax HBJICHHH napyri:rnHHH 

npanHJia OUM B pp aHHHrHJIHU:HH, no3BOJIHJIH ,nHCKpHMHHHponaTh HCKOT0pbie 

TCOpCTH'IeCime MO.ll:CJIH, a TaK:lKC MOryT 6h!Tb n0JIC3HbIMH nnii' nJiaHHponamrn 

6ynYIUHX 3KCnepHMCHTOB. ' 

ABTOp 3a.IllHl.llaeT: 

1. HOBhIC 3KCnepHMCHTaJibHhle .[laHHbIC no H3Y'ICHHIO o6pa30BaHHH ¢ H w MC-

30HOB B peaKU:HHX pp ➔ </>(w)1r+1r- aHHHrHJIHU:HH noK0HIUHXCH annmpo

TOHOB B )KH,n:KOH H ra3006pa3HOM MHIIICHHX. 

2. HOBhIC. 3KCnepHMCHTaJibHhIC ,naHHhIC no H3Me·peHHIO OTH0CHTCJibHbIX Bepo

HTHOCTCM H BhIX0.ll:OB peaKWIH pp ➔ qJ'f/ C :lKH.[IKOM H ra3006pa.1HOM MHIIIC

HHMH npu ,naBJICHHHX 1 aTM u 5 M6ap. 

,,.....;..-....,,_.----------· , /'1,,.,.._,.,., .. ~,_•11 1..·li r• ~~ , 
ti U'YV.C:'1tnliU~ ~u:BJj.JJ UUc:-114~•,u ti 
•
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, 
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3. HOBbie 3KCnepHMCHT8JlbHbie LtaHHble no H3MepeHHIO BbIXO,z:ta peaKIIHH pp ➔ 
K+ K-TJ C )KH,z:tKOM H ra3006pa3HOM MHIIIemrMH npH .z:taBJieHHIDC 1 aTM H . 

. 5 M6ap. 

4. pe3yJibTaTbl MO,z:teJIHpOBaHH.H 3KCnepHMeHTa no npoBepKe npe.rtCKa3aHHM 

MO.z:ten:ri rron.apH30BaHHOM CKpbITO:il: CTpaHHOCTH HYKJIOHa· B peaKIIHH 

dft-+3 He¢. . 

Anpo6aun:.H: pa6oThI n: ny6nn:Kaun:n:. OcHOBHbie pe3yJibTaTbl ony6JIHKO

BaHbI B pa6oTax [1]-[5], a TaK)Ke 6bIJIH npe,z:tCTaBJieHbI aBTOpOM Ha Me)K,llyHapo.z:t

HbIX KbmpepeiiIIH.HX VII Workshop on High Energy Spin Physics (1997, Ily6Ha), 

The Workshop on Production, Properties and Interaction of Mesons (1998, 
KpaKon), The fifth Biennial Conference on Low Energy Antiproton Physics 

(1998, KaJib.HpH), a TaK)Ke Ha KompepeHIIHH OT.z:teneHH.H q>H3HKH PAH (1996, 
MocKBa), pa6o<rnx coBemaHHIDC KOJIJia6opaIIHH OBELIX H Hay'llibIX ceMHHa

pax na6opaTOpH:il: OM-?JM. 

CTpyKTypa n: o6'beM .nuccepTaun:n:. Pa6oTa CO,z:tep,KHT 78 CTpaHHII, 

BKJIIOqa.H 28 pHCYHKOB H 15 Ta6JIHII. IIHccepTaIIH.H COCTOHT H3 BOCbMH rJiaB, 

BKJIIOqa.H BBe.z:teHHe H 3aKJIIOqeHHe. 

Co.uep)Kamre pa6oTbI 

B nepaou: rnaae ,z:ta.Ha o6ma.a xapaKTepHCTHKa pa6oThl, paccKa3bIBaeTC.H o, 

ee IIeJI.HX, HayqHOM HOBH3He H npaKTHqeCKOM IIeHHOCTH. PacKpbIBaeTC.H CO,z:tep

)KaHHe pa6oTbl no rnanaM. 

BTopa.a rnaaa nocn.HIIIeHa npanHJIY OKy6o-Une:il:ra-MH3YKH: ero 3HaqeHHe, 

TeopeTHqecKoe o6b.HCHeHHe. IlpHBO,z:tHTC.H ofoop 3KCnepHMeHTOB no nponepKe 

npanHJia OUM, oco6oe BHHMaHHe y,z:teneHo cnyqa.aM 06Hapy2KeHHbIX OTKJIOHe

HHM OT ero npe,z:tCKa3aHHM H HX TpaKTOBKe. HaH60Jiee no.rtpo6HO paCCKa3bIBaeTC.H 

0 MO,z:teJIH CKpbITOM non.HpH30BaHHOM CTpaHHOCTH B HJKJIOHe, npe.z:tnara10me:il:, 

CCTeCTBeHHOe o6'b.HCHeHHe cJiyqa.HM. 06Hapy2KeHHbIX OTKJIOHeHHM OT npaBHJia 

OUM. O6cy2K.z:taeTc.a, KaKHM o6pa3oM M02KHO 3KcnepHMeHTaJibHO nponepHTb 

cnpane.z:tJIHBOCTb 3TOro npaBHJia. 

O.z:tHHM H3 HaH6onee qyncTBHTeJibHbIX npo6HHKOB npaBHJia OUM .HBJI.HeTc.H 

pO,K,z:teHHe qJ Me30Ha, noCKOJibKY OH .HBJI.HeTC.H npaKTHqecKH_ 'IIICTbIM ss COCTO.H

HHeM, H n03TOMY ero pO,K,z:teHHe ,z:tOJI)KHO 6bITb no,z:taBJieHO BO B3aHMO,z:teMCTBHIDC 

•mcTHII, He co.rtep,KaIIIHX cTpaHHbIX KBapKon. Ilo3TOMY oqeHb y.z:to6Ho cpaBHH

naTb ceqeHH.H pO)K,z:teHH.H ¢ H w Me30HOB. OKy6o [6] npe,z:tCKa3bIBaeT, qTo ,z:tJI.H 
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JII06bIX a.z:tpOHOB A H B B HaqaJibHOM cocTO.HHHH H a,z:tpoHa X B KOHeqHOM co

CTO.HHHH, He co.z:tep,KaIIIHX CTpaHHbIC KBapKH, ,z:tOJI)KHO BbIIIOJIH.HTbC.H paneHCTBO 

a(A + B-+ ¢ + X) = 4.2. 10-3 • f 
R = a(A+B ➔ w+X) 

Bne.z:teM, cornacHo OKy6o, napaMeTp 

M(A+B ➔ ss+X) z- . . 
- [M(A+ B ➔ uu+X) + M(A + B ➔ dd+X)] /../2 

(2) 

(3) 

KOTOpbIM .HBJI.HeTc.H Mepo:il: OTKJioHeHH.H OT npe.rtCKa3aHHM OUM n aMnJIHTy.z:tax 

M(A + B ➔ ijq + X). IlpH CTporoM BbIIIOJIHeHHH npaBHJia Z = 0. Tor.z:ta 

R=(Z+tan8)
2

·f. (4) 
· 1- Ztan8 

3a noqTH TPH.z:tIIaTHJieTHHM cpoK cnoero CYIIICCTBOBaHH.H npanHJIO OUM 

nony<m:JIO MHOrDKpaTHOe 3KCnepHMeHT8JlbHOe no.z:tTBep)K,lleHHe. AHaJIH3 CYIIIe

CTByIOIIIHX 3KCnepHMeHTaJibHbIX ,z:taHHbIX no3BOJI.HCT CKa3aTb, qTO B nHOH

HYKJIOHHbIX H HJKJIOH-HYKJIOHHbIX B3aHMO,z:tCMCTBHIDC, a TaK)Ke B pp aHHHrHJI.H

IIHII Ha JICTY 
7 

rHnOTC3bl O 3HaqeHHIDC napaMeTpOB R H Z LtOBOJibHO xopOIIIO no.z:t

TBep)K,llaIOTC.H. TaK, B3BCIIIeHHble cpe,z:tHHe no 3THM napaMeTpaM, BblqHCJICHHble 

no HMCIOIIIHMC.H ,z:taHHbIM O IIHOH-HJKJIOHHbIX peaKIIHIDC 1rN -+ ¢(w)X, paBHbl 

R = (3.3±0.3) • 10-3, Z = 0.9±0.1%. Te ,KC neJIHqHHbl ,n:JI.H HJKJIOH-HJKJIOHHbIX 

peaKIIHM HMeIOT 3HaqeHH.H R = (14.7±1.5)•10-3
, Z = 8.2±0.7%, a,n:JI.H HJKJIOH

aHTHHJKJIOHHOM aHHHrHJI.HIIHH Ha neTy R = (11.3 ± 1.4) · 10-3, Z =-5.0±0.6%. 
8KcnepHMeHTaJibHble pe3yJibTaTbl noKa3bIBaIOT, qTo npaBHJIO OUM ablnon

H.HeTC.H C HenJIOXOM TOqHOCTbIO. O.[(HaKO, cYIIIeCTByeT nonpoc O TOM, noqeMy 

OHO pa6oTaeT, TO eCTb .HBJI.HCTC.H JIM npaBHJIO JIOrHqecKilM CJIC,[(CTBileM Teopnn 

CHJibHbIX B3aHMo,n:e:il:cTnnii? KXII o6'b.HCH.HeT, noqeMy npannno OUM pa6oTaeT 

B pacna,n:ax T.H2KeJibIX BCKTOpHbIX Me30HOB - KBapKOHHCB B qaCTilllbl, co,n:ep)Ka

IIIHe JIHIIIb nerKHe KBapKn. Ilpannno OUM M02KHO nony<m:Tb TaK2Ke B KXII, 
B npe,n:ene 6oJibIIIOro <rncna IIBCTOB Ne -+ oo, Tor,n:a OUM-3anpemeHHble ,n:na

rpaMMbl no,n:anJI.HIOTC.H Ha q>aKTOp 1/Nc [11]. 
B pa6oTax JlllIIKHHa (12] n re:il:repa n M3rypa (13] noKa3aHO, KaK M02KHO 

HHTepnpeTnponaTb npanHJIO OUM B KnapKono:il: MO.z:teJIH. MHorne OUM-

3arrpemeHHble npOIICCCbl MOryT npoTekaTb B ,z:tBa 3Tarra, Ka)K,llbIM Il3 KOTOpbIX 

.HBJI.HCTC.H OUM-pa3perneHHhlM, npH 3TOM aBTOpbI noKa3bIBaIOT, qTO BKJia,[(bl OT 

HeKOTOpbIX npoMe2KyToqHbIX COCTO.HHHM COKpamaIOTC.H (13] ,(14]. 

5 



Oii.ir~;i.6',- ·cpaBHIITeJihHO He,naBHO 6hmo o6Hapy)KeHo CIIJihHoe Hapyrnemie 

rrpaBIIna!'bt(I,i' B pp aHHIIrttrriuirn B rroKoe. TaK, peaKUMJI pp ---+ ¢(w)'y .naeT 

R = (243 ± 86) • 10-3 [7], a peaKUM5I pp ---+ ¢(w)'rr0 - R = (114 ± 24) . 10-3 

[8]. Crreumpmm .N N aHHIIrIIJI5IUllll B rroKoe II03BOJI5IeT B neKoTophIX crry<J:amc 

HCCJie.D;OBaTh 3aBIICIIMOCTh R OT CIIIIHa Ha<J:aJihHOrO COCT05IHII5I. OKa38JI0Ch, 'ITO 

peaKUII5I pp ---+ ¢1r0
' r.ne 6hIJIO o6Hapy)KeHO 0.D;HO II3 caMhIX cephe3HhIX OTKJIO

HeHHH OT rrpe,nCKa3aHIIH rrpaBIIrra OIJJ1, tt.neT TOJihKO II3 crrIIn-TpIInrreTHoro 

cocT05IHH5I 
3

S 1, xoT5I pa3pernen npouecc TaK)Ke II II3 1Pi [8]. 
CymecTBeHHhle OTKJIOHeHII5I OT npe,ncKa3aHIIH npaBIIJia OUM B aHTIIHYKJIOH

HyKJIOHHoii aHHIIrIIJI5IUllll B noKoe .no CMX nop ne y,naJIOCh 06'h5ICHIITh C nOMOW:hIO 

MO,nerreii, OCHOBaHHhIX na Tpa.D;IIUIIOHHhIX KonuenUM5IX. B TO )Ke BpeM5I, MO,nerrh 

nOJI5IpII30BaHHOH CKphlTOII CTpaHHOCTII HYKJIOHa [9],[10) npe,nrraraeT .D;OBOJihHO 

eCTeCTBeHHoe 06'h5ICHeHIIe Ha6rr10.naeMhlM 3KCnepIIMeHT8JihHhIM cpaKTaM. TaKM 

MQI(eJih C'IHTaeT npaBIIJIO OUM Bcer.na BhIITOJIH5IIOW:IIMC5I, a cpaKThl yaeJIII<J:en

noro BhlXO,na ¢ Me3oHOB OTHOCIIT na c<J:eT CJIO)KHOH cTpyKTYPhl HyKrrona, a 

HMeHHo, H8JIH'III5I B HeM rrpIIMeCII ss nap. B 3TOM crry<J:ae po)K.ll;eHIIe <p Me30Ha 

OITHChIBaeT<:R CBR3aHHOH KBapKOBOH .nttarpaMMOH. IlpII 3TOM, ecmr BBeCTII nOJI5I

pII30BaHHOCTh TaKOH naphr, MhI norry,rnM nOBhIIIIeHHhIB BhIXO.D; <p Me30HOB JIIIIIIh 

ID HeKOTOpbIX CnIIH0BhIX COCT05IHHH. 

B IICCJie.D;OBaHHII peaKI(IIH pp aHHHrIIJI5IUMII B noKoe <J:aCTO B03M0)KH0 B0CCTa

H0BHTh rra'laJihH0e CITIIH0B0e C0CT0RHIIe CIICTeMhl nepe.n aHHIIrlIJ15IUIIeii . .Ilrrn 

TOro, 'IT06hl onIICaTh 3TY TeXHHKy, neo6xo,nIIMO n05ICHIITh, KaKIIe npouecChI 

IIpOIICXO.D;5IT rrepe.n aHHIITIIJIRUMeii, TO eCTh KaKIIM o6pa30M 06pa3yeTC5I II aH-

RilrUJIIIPYCT npoTOH-aHTIIIIp0T0HHM rrapa "a noKoe". • 

AHTnrrpoTOH C ne60JihIIIIIM IIMrryJihCOM, rrorraBIIIIIH B BOJJ:Op0.D;HyIO MIIIIIeHh, 

3aMe.D;JI5IeTCR II 3axBaThIBaeTC5I Ha op6IITY BO,nopo,nHoro aTOMa, OCB060)K.ll;a5I 

3JieKTpoH. O6pa3yIOrn;IIHC5I rrpII 3TOM pp aTOM IIMeeT 60JihIIIIIe rnaBH0e KBaH

TOBOe 'llICJIO n (oKOJIO 30-nI) II op6IIT8JihHhlli MOMeHT l. ATOM,.CHIIMaeT B03-

6y,K,D:enne qepe3 cepIIIO pa.nnauII0HHhIX nepexo.noB. Kor.na aHTIIIlpOT0H .D;OCTII-

1'3.eT COCTOfilUI5I C HII3KIIM op6IIT8JihHhIM MOMeHT0M (S- IIJIII P- COCT05IHII5I), 

KacK3J1: rrpeKparn;aeTC5I II IIpOIICXO.D;IIT aHHHrIIJI5IUM5I. O,nrraKO Ha paccMaTpIIBa

CMhIB npouecc CIIJihH0 BJIII5IIOT coy.napeHII5I C coce.uHHMII aT0MaMII, KOT0phle 

rrocpe,ncTBOM 3cpcpeKTa IlhapKOBCKOI'O CMCIIIIrnamrn MoryT HHJlYUllp0BaTh ne

pexo.u In OOCTORHII5I C 60JihIIIIIM n II 60JihIIIIIM l B S-cOCTORHIIe C 60JihIIIIIM n. 
B S-COCTO.mnm BOJIHOBhie <pyHKUMII npOT0Ha II aHTIIIIpOT0Ha nepeKphIBaIOTC5I, 

H np0HCXO.D;IIT aHHIIrIIJI5IUHR. IlpH 3T0M, 'leM 60JihIIIe IIJIOTH0CTh MIIIIICHH, TCM 

6on:ee Bepo.SITeH rrocrre.[(HIIH rrpouecc. KaK crre,ncTBHe, pa,uIIaUM0HHhle rrepexo,nhl 
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rro,uaBJI5IIOTCR, BpeM5I KaCKa,ua yMeHhIIIaeTCR II ,UOJI5I aHHIIrIIJIRUIIH II3 S-BOJIHhl 

yBeJIII'IHBaCTCR. B B0,nopo.ue npII HII3K0M i:caBJICHIIH 3cpcpeKT Ill TapKOBCK0I'O CMe

IIIIIBaHH5I IIrpaeT npeHe6pe)KIIM0 MaJiyIO porrh B aT0MHOM KacKa,ne. TaKIIM o6pa-

30M, IICCJieLCy5I BhlX0LC peaKUllll C MmneH5IMII pa3JIII'IHOH nJI0THOCTII, MO)KH0 c.ne-

JiaTh BhlB0LChl o ee cmiHo~oii 3aBIICIIM0CTII. · 

pp a.TOM M0)KeT ·rrpoaHH~rIIrrIIpoaaT~ II3 lITCCTII cocT05IHIIH: 1 S0 , 
3 S 1, 1 P1, 

3Po, 3Pi II 3P2 C COOTBCTCTBJIOW:IIMII .JPC=_0-+,,J::-.-, 1+-, o++, 1++ II 2++. 
3LCCCh yMeCTHO BBeCTII •onpe,nerreHHR, KOT0phle IlOH3.LC06RTC5I HaM B L{aJihHeH

IIIeM. Bwxo.n;oM KaHaJia, o603Ha<J:aCMhIM 3a y' 6y,ueM Ha3hIBaTh BCp0RTH0CTh 

aHHIIrIIJI5IUIIH B i:caHH0e KOHC'JHOC C0CTORHIIe npII:IICnOJ1h30BaHIIII KOHKpCTHOH 

.M1LWe1-m. BepO.IITHOCThIO, K~~opyro o603Ha'IIIM 3a B.R. ( OT aHrni'incKoro 

Branching Ratio) 6yp;eM Ha3hIBaTh Bepo5ITHOCT~ aHHIIrIIJI5IUIIII no ,uaHHOMY Ka

HaJIY II3 KOHKpeTHoro 1-ta'IJ,a:n.buo20'-cocmpH1-t1LH. TaK, B.R.(3S1 ---+ xy) o6o3Ha

<J:aeT BepORTH0CTh aHHIIrIIJI5IUMII B. Me30Hhl X II y II3 KOHKpeTHoro COCTORHIUI 

381, 
Bonpoc O .none aHHIIrIIJI5IUIIH II3 8 II p COCTORHIIR npII ,UaHHOH nJIOTHOCTII 

MIIIIICHH IIIIIp0KO o6cy)K.ll;aeTC5I B JIIITepaType. B [15) npIIBO,U5ITCR crre.ny10rn:ne 

3Ha<J:eHIIR nep~5ITHOCTeii aHHIIrIIJI5IUIIII II3 P-BOJIHhl ,UJ15I pa3JIII'IHhlX BOLCOP0LC

HhlX MIIIIIeHeii: B )Kll.D;K0CTII fp ::::;: 0.13 ± 0.04, B ra3e npII i:canJICHIIH 1 aTM 

fp = 0.58 ± 0.06 II B ra3e npII i:caBrreHIIII 5 M6ap fp = 0.80 ± 0.06. 
TpeTh.11 r JlaBa 3HaKOMIIT C MeTO,nIIKOH norry<J:eHIIR Me,nrreHHhIX aHTIInpOTO

HOB B UEPH, coi:cep)KHT noi:cpo6noe OIIIICaHIIe _cocTaBHhIX <J:acTeii: cneKTpoMeTpa 

OBELIX II IIx ocHOBHhIX xapaKTCpIICTIIK. 

Ha ycKopIITeJihHOM KOMnrreKce n. UEPH n npIIroTonrreHIIII nytJK0B Mei:crreH

HhIX aHTIIIIpOTOHOB 6hlJIII 3a,ueii:CTBOBaHhl crre.ny10rn:IIe MaIIIIIHhI: IlpoTOHHhllI 

CIIIIXpoTp0H (Proton Synchrotron, PS), AHTIInpoTOHHhlH HaKonIITCJih (An

tiproton Accumuh,1.tor, AA) II KoJihuo Me.nrreHHhlX AHTIInpoToHon (Low En

ergy Antiproton Ring, LEAR) .. 

CneKTP(!Merp OBELIX. 6hlrr 3a_nyMaH KaK MHorouerreBoii: LCCTCKT0p .UJI5I 

II3ytJeHII5I . aHTHHYKJIOH-HYKJIOHHOH _aHHHrIIJIRUIIII B noK0C. ·y CTaH0BKa CT05IJia 

B 3KcrrepHMeHT8JihHOM 38Jle Ko~cKca LEAR Ha ny<J:Ke . aHTIInp~ToHon c 

P =105 M~B/c II I~ 5 -104 p/c. · 
BHeIIIHHH_ BIILC II oc~OBHhle KOMnoHeHThI cneKTpoMeTpa OBELIX [16] ,[17] no- .. 

Ka3aHhI Ha PIIc.1. 

HatJIIHaR OT ueHTpa, KOpOTKO nepe'IHCJIIIM 0CH0BHhlC C0CTaBJIHIOW:IIC cnCKTpO

MeTpa: MIIIIIeHh, CIIIIpaJihHO-npocKilIIOHHM KaMcp_a (Spirnl Projection Cham

ber, SPC) - neprnHHHhlH .ueTeKTop, BHYTPCHHIIH crroii: II3 30 CUIIHTIIJIJIRUII0H-
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SN1 

-n 1· , 
~ SN4---+---...; 

Ii 

Pn:cyHoK 1: OcHOBHhie KOMnoHeHThI cneKTpoMeTpa OBELIX: MaI'HHT OAFM 

(1), KaMepa SPC (2), BpeMa:nporreTHhre cncTeMhI tof n TOF (3), KaMepa JDC 
(4) n KarropnMeTp HARGD (5). · 

HhIX C'leT'IHKOB BpeMa:nporreTHoil: CHCTeMhI (to!); CTpyil:Haa: IUIJIHH,n;pnqecKM 

.n:peil:q>oBaa: KaMepa (Jet Drift Chamber, JDC), BHerumril: crroil: H3 84 ·CIUIH~ 

THJIJIHIUIOHH~ C'!eT'IHKOB BpeMHIIpOJieTHOH CHCTeMhI ( TQF); raMMa-.n;eTeKT0p 

BhICOKoro yrnoBoro pa3pemeHHa: (High Angular Resolution Gamma Detector, 
HARGD) (4 Mo.n:yrra:, cBepy, CHH3Y n no 6oKaM ycTaHOBKH). 

Bee KOMnOHeHThI .n:eTeKTopa YCTaH0BJieHhI BHYTPH H no .n;HaMeTpy nomocOB 

OTKphITOro MarnnTa aKCHMhH0ro norra: (Open Axiai Field 'Magnet, OAFM). 
Bo3MO)KHO npnMeHeHne pa3JIH'IHhIX ·TnnoB MnmeHeil: - co.n;ep)Karmrx JIH6o r~ 

npn pa3JIH'IHhIX .n;aBJieHmrx, ri11:60 )KH.n;K0CTh. y .n:o6HM KOHCTPJKmrn MarHHT8. 

06ecne'!HBaeT CB060.n;Hhlil: .O:0CTyn KO BCeM ~aCTHM ycraH0~KH. YrrroBoil: aKce-
. . . ' 

nTaHC cneKTpOMeTpa, B npe.n;errax KOToporo .n;OCTJITHO BhIC0K0e pa3pemeHHe no 

HMnyrrhcy .O:JIH 3apa:)KeHHhIX 'laCTHII, :aa,n;e)KHM illC n.n;eHTHq>HKamri no dE/dX 

n TOF (ncnoJih3JH KaMephr SPC, JDC n BpeMa:nporreTHJIO cncTeMy, cooTBeT-
CTBeHHo), a TaK)Ke perncTpamrn raMMa-rryqeil:, cocTaBrra:eT 60.rree 21r. · · 

Y CTaHOBKa Il03BOJIHeT perHcTpHp0BaTh 3apa:)KeHHhie qacTmroi (n3MepeHHhie 

B JDC) co crre.n:y10rrrnMn noporaMn: nn0HhI ~ 80 M3B/c, Kaom,r ~ 160 M3B/c H 

8 

npoT0HhI ~ 300 M3B/c. YKa3aHHhie noporn o6ycrroBrreHhI T0JIIIIHHoil: BHJTpeH
Hero CJIOH CIUIHTHJIJIHT0p0B BpeMa:nporreTHOH CHCTeMhI H (B crryqae npHMeHeHHH 

)Kll,lIKOH MnmeHH) BerrreCTB0M MHlleHH. llHq>OpMa!UIH 06 y.zreJihHhIX 3Heprenr

qeCKillC noTepmc n BpeMeHH nporreTa qacTHII o6ecne<InBaeT 1r / K pa3.zrerreHne .zro 

0.5 r3B/c H K/p .n;o 1.0 r3B/c. 
B 1:1eTBepTOH rmrne KpaTKo o6na:caeHhI nporre.n:yphI oT6opa co6hITHH, Ha

xo)K.zreHna: 3q>q>eKTHBHOCTH cpa6aThIBaHHH Tpnrrepa, noJIHoro 'IHCJia aHHHrHJIH

mm. IloKa3aHa o6rrraa: cxeMa o6pa6oTKH .liaHHhIX. PaccKa3aHo 06 oco6eHHocTmc 

n.n;eHTH<pHKaIUIH 'laCTHII B cneKTp0MeTpe, MeTo.zrax ee yrry'lilleHHH. 

Bee .zraHHhie Ha6nparrHCh C TpnrrepoM, peaJIH30BaHHhIM Ha 6a3e BpeMa:npo

JieTHOH CHCTeMhI. 

Pa6oTa no onpe.zrerreHHIO_ 3q>q>eKTHBHOCTH . cpa6aThIBaHHH Tpnrrepa 6h!rra 

npoBe.zreHa npH n,0M0IIIH aHaJIH3a cneIUlaJihH0 Ha6paHHhIX .liaHHhIX, Kor.zra Ha 

JieHTY 3annChIBMHCh BCe co6hITHH H ,lIJIH Ka)K.rroro C06hITHH 3aITHChIBaJiaCh HH

q>OpMarrHH o TOM, cpa6oTaJI Tpnrrep HJIH HeT. OnncaHa TaK)Ke nporre.rrypa Ha

X0)K.rreHHH nOJIH0ro 'IHCJia aHHHrHJIHIUIH, IIp0H30lle.rrnrmc 3a BpeMH Ha6opa .liaH

HhIX. 

B 3TOil: )Ke rrrane paccKa3aHO o cxeMe o6pa6oTKH .rraHHhIX, npnaa:Toil: B KOJI_Jia-

6opaIU1H OBELIX n n.rreHTHq>HKaIUIH qacTnrr. 3a.zraqa Ha.zre)KHOH n.n;eHTHq>HKa

IUIH qaCTHII HBJIHeTCH KPHTH'leCKH Ba)KHOH .lIJIH H3J'leHHH HBJieHHH HapymeHHH 

npaBnrra OUll c </> Me30HaMH, KaK n rr106oft q>H3HKH CTpaHHhIX qacTHII Boo6rrre, 

n0CK0JihKY p0)K,lieHHe nH0H0B CHJihH0 ,Il;0MHHHpyeT Ha.zr Ka0HaMn, H Bhr.zrerreane 

co6bITHH C Ka0HaMH II03T0MY 3aTpy.zrHeH0. 3.zrech paCCKa3hIBaeTCH 06 oco6eHHO

CTIDC 11:.zreHTHq>HKa!UIH qacTHII no BpeMeHn rrporreTa 11: dE/dx, o npenMyrrrecTBax 

H He.zrocTaTKax Ka)K,n;oro MeTo.rra. O6a MeTo.zra II03B0JIHIOT pa3.zreJIHTh IIH0HhI H 

KaDHhI BIIJI0Th ,lIO HMIIJJlhCa 0.5 r3B/c. 

IlsrTruI rmrna noCBHIIIeHa H3y<IeHHIO KHHeMaTH'leCKOH 3aBHCHM0CTH OTHO

meHHH BhIX0.lI0B <P H W Me30H0B B peaKIUIIDC fip ➔ <f>7r+1r- H pp ➔ w1r+1r-. 

OIIHcaHa rrporre.zrypa qin3nqecKoro aHaJIH3a, o6cy)K.llaIOTCH rrorry<IeHHhie pe3yrr1,

Ta Thr. 

KaK y:>Ke 6hIJIO OTMe'leH0, HHTepecHO nccrre.zroBaTh 3aK0H0MepH0CTH HBJieHHH 

aapyrueHHa: rrpaB11:rra OUll B pp aHHHrHJIHI!HH, 11:, B qacTH0CTH, onpe.zreJIHTh 

3aBHCHM0CTh TaK0ro aapymeHHH OT KHHeMaTH'leCKillC rrepeMeHHhIX. llMeIOIIIH

eca: ,liaHHhie no aHHHrHJIHIIHH B 611:HapHbie KaHaJihI .liaIOT yKa3amre Ha B03M0)K

HJIO 3aBHCHM0CTh 3Ha'leHHH ROT MaCChI'CHCTeMhI, pmK.zraIOrrreftca: C .<f>(w) Me-

30H0M . .Ilrra: K0He'!H0ro C0CT0HHHH <f>(w)'y Re = (285 ± 100) . 10-3 [18) (r.zre 3a 

Re o6o3Ha<IeHo rronpanrreHHoe Ha pa3HHIIY B qia30BhIX o6heMax 3Ha<IeHHe R), 
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n1rn ¢>(w)1r0 Ra = (113 ± 18) • 10-3 [18], TO ecTh npammo OUM HapyumeTcH 

oqeHh CHJihHO. OnH8.KO .[{JIH <J>(w)ry Re = (7.9 ± 2.6) • 10-3 (18], </>(w)p naeT 

Ra= (11.8± 3.0) • 10-3 [19] (20], .[{JIH </>(w)w Ra= (37.8 ± 13.9) · 10-3 (21] [22], 

qTo Boo6me He MO)KeT paccMaTpnBaThCH Ka.K HapyIIIeHHe npaBnna OUM. 

MccnenyeMhie pea.K:u;Im pp ➔ ¢>7r+7r- ll pp ➔ w1r+7r- HHTepeCHhI TeM, qTO 

3,[{eCh MO)KHO npoBepHTh HaJinqne TaKOH 3aBHCHMOCTH, He cpaBHHBaH pa3Hhle 

napbI 6HHapHhIX KaHaJIOB, a ncnOJih3YH Jllllllh oney napy KaHaJIOB, BaphnpyH 

Macey .[{HIIHOHHOH CHCTeMhI. 

llnH n3yqeHHH peaK:u;nn pp ➔ w1r+1r- 6hIJI 3anncaH 1 • 106 co6hITHH npn 

Ha6ope .[{aHHhIX c )Kll.[{KOH MllIIIeHhIO n 3 • 106 c ra3006pa3Ho:ir. Tpnrrep npn 

3TOM Tpe6oBaJI HaJinqnH qeThipex cnrHaJIOB BO BHyTpeHHe:ir BpeMHnponeTHOH 

CHCTeMe n Tpex nn6o qeTbipex BO BHeIIIHeH. Co6hITHH OT6npaJIHCh no cne.n:y

IO[UHM npH3HaKaM: HaJinqne qeThipex TpeKOB OT 3apH)KeHHhIX qaCTHU B npe:ir

q>OBOH KaMepe JDC; cyMMa Bcex qeThipex 3apMOB paBHa ttyJIIO. 

OT6op co6hITHH pp --+ 7r+7r-7r+1r-1r0 npOBO.[{HJICH TOJihKO no pe3yJihTaTaM 

npoueeyphI KHHeMaTnqecKoro aHaJIH3a. Bcero 6bIJIO OT06paHO 127904 C06hITHH 

21r+21r-1r0 .[{JIH naHHhIX c )Kll,[{KOH MHIIIeHhIO n 230769 c ra3oo6pa3HOH. 

KonnqeCTBO W-Me30HOB, onpeneneHHoe no HHTeHCHBHOCTH IIHKa B cneKTpe 

HHBapnaHTHhIX Mace 7r+ 7f-7f0 , TaK )Ke, KaK ll paccqnTaHHbie aq>q>eKTHBHOCTH 

perncTpa:u;Im, npe.n;cTaBneHhI B Ta6JIH:u;e 1. 

Ilpn Ha6ope .[{aHHhIX c )Kll.[{KOH MHIIIeHhIO Ha neHTY 6hIJIO 3anncaHo 16 • 

106 co6hITHH peaKUim pp ➔ ¢>7r+1r-, a c rMoo6pa3HOH 1.5 • 106 . Tpnrrep npn 

3TOM Tpe6oBaJI HaJinqnH qeThipex CHI'HaJIOB BO BHyTpeHHeH BpeMHnponeTHOii: 

CHCTeMe ll Tpex JIH60 qeThrpex BO BHeIIIHe:ir, a TaK)Ke HaJIHqnjl "MenneHHOH 

qacTn:u;hr", TO eCTh XOTH 6hr O,[{Ha pa3HOCTh Me)K.[{y CHI'HaJiaMH B CHCTeMax tof 
n TOF .[{OJI)KHa npeBhIIIIaTh 8 HCeK. 

OT6op noJie3HhIX C06hITHH npOBO.[{HJICH no CJienyIOIUHM npn3HaKaM: HaJinqne 

'IeThipex TpeKOB OT 3apH)KeHHhIX qacTn:u; B npeirq>oBo:ir KaMepe·.JDC; cyMMa 

BCex qeThipex 3apMOB paBHa H)'JIIOj ,[{Be qaCTHUhI npOTHBOnOJIO)KHOI'O 3H8.Ka 

.[{OJI)KHhI 6hITh nneHTnq>nunpoBaHhI no BpeMeHH nponeTa n dE/dx KaK Ka

OHhij KHHeMaTnqecKnH q>HT ,[{OJI)KeH noKa3aTh COOTBeTCTBHe C06bITHH rnnoTe3e 

K+K-1r+1r- (4C q>nT) c 95% ypoBHeM nocTOBepHOCTn. 

TaKHM o6pa30M, 6hIJIO OT06paHO 59229 C06hITHM .[{JIH ,[{aHHhIX, Ha6paHHhIX C 

)Kll,[{KOH MllIIIeHhIO ll 7015 ,[{JIH cnyqaH C ra3oo6pa3HOH. 

B Ta6JIHUe 1 npencTaBJieHhI H3MepeHHhie 3HaqeHHH R nnH o6onx THIIOB 

.[{aHHhIX n .[{JIH o6onx HHTepBaJIOB no .[{HIIHOHHOH Macce. B cnyqae, Korna MhI 

paccMaTpnBaeM BCe C06hITHH, 6e3 KaKOro-JIH60 OT6opa no .[{HIIHOHHOM Macce, 
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Ta6nnua 1: KonnqecTBO co6hITnir, acpq>eKTHBHOCTii perncTpaunn, BhIXO.[{hI ¢> iI 
W Me30HOB B peaKUHHX pp ---+ ¢>7r+1r- H pp ---+ W11"+7f- aHTnnpOTOH-npoTOHHOH 

aHHHI'llJIHUllll B )Kll,[{KOM ll I'a3006pa3HOH MHIIIeHHX (npnBO,[{HTCH TOJihKO CTaTH

CTH'leCKHe OIIIH6Kn). 3a R(<f>/w) H Rc(<f>/w) o603Ha'IeHhI OTHOIIIeHHH BhIXO.[{OB 

6e3 ll C nonpaBKOH Ha q>a30BhIM o6heM,.COOTBeTCTBeHHO. 

Nev c:,% l y.104 R(<J>/w) · 103 Rc(</>/w) • 10
3 

)KnnKnir H2 
Bee co6hITHH 

¢1r+1r- I 853±94 1.08 ± o.o3 I 3.5±0.4 I 4.9±0.8 I 10.3 ± 1.6 

W71"+7f- I 32042±1541 4.60± 0.41 j 719±74 j 
300 MeVlc2 ·< M,r,r < 500 MeV/c2 

¢>n+1r- I 408±67 2.29 ± 0.09 I 0.7±0.1 l 16.5 ± 3.5 I 20.4 ± 4.3 

w1r+1r- I 1918±244 4.67± 0.40 I 42.4±6.5 I 
H2 npn 3 aTM 

Bee co6hITHH 

¢1r+1r- I 292±43 1.24±0.02 I 3.7±0.5 I 5.9 ± 0.9 I 12.5 ± 2.0 

w1r+1r- I 71640±1011 3.80± 0.20 I 628±34 I 
300 MeV/2 < M1r1r < 500 MeV/2 

¢1r+1r- I 104±23 2.41±0.06 I 0.7±0.2 j 29.3 ± 8.6 I 36.2 ± 10.6 

w1r+1r- I 2101±578 3.74± 0.26 I 23.9±5.4 I 

OTHOIIIeHne R(<J>/w) ~ 5 . 10-3 ,[{JIH cnyqaH aHHHrHJIHUim KaK n )Kll.[{KOCTH, 

TaK ll B ra3e. 3To 3Ha'IeHHC HaxO.[{HTCH n corJiaCHH C npencKa3aHHCM npannna 

OUM R(</>/w) ~ 4 • 10-3. OnHaKO, ccnn MhI paccMaTpHnaeM co6hITirn c Ma

JihIMH aq>q>eKTHBHhIMH MaccaMH nnnn:OHHOM CHCTCMhI 300 MaB/c2 < 'rT/,7r+,r- < 
500 MaB/c2, BeJIHqnHa R(</>/w) ynenn:'In:BaeTCH n 3-4 pa3a n npn:nonn:T K cc

pbe3HOMY OTKJIOHeHHIO OT npaBn:na OUM. Ta.Koir acpq>eKT 6hIJI Ha6nroneH nnep

Bhle. IlpaBhIM cTon6eu Ta6nnuhI 1 conep)KHT BeJIH'IHHhI R, nonpaBncHHhIC Ha 

pa3HHllY B q>a30IlhIX npocTpaHCTBax B cny'laHX pO)K.[{eHHH </> H W MC30HOB. KaK 

MO)KHO 3aMeTHTh, nonpaBKa He OKa3hIBaeT Ha 3q>q>CKT cymccTBCHHOI'O BJIHH

HHH. KpoMe TOro, Y(¢>7r+1r-) ,[{JIH MaJihIX Mace He MemreTCH OT aHHHrHJIHUHH n 

:lKil.[{KOCTll K aHHHrHJIHUllll B ra3e, Il TO npeMH KaK BhIXOll W71"+7f- llJIH HHTCP

nana 300 < m,r+,r- < 500 MaB / c1- B ra3e MeHhIIIC, 'ICM n )KllJlKOCTH. TaKHM 
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o6p830M, Mhl H80JIIO,ZlaeM pa3HHUY MeXaHH3MOB pmK,ZleHHH <p H W Me30HOB, 'ITO 

npoTHBOpe'IHT npe.ZlCTaBneHHHM THna OUll, no KOTOphlM ¢ Me3oH o6pa3yeTCH 

3a"cqeT npIIMeCH nerKHX KBapKOB H noBe,ZleHHe ceqeHHH ero o6p830BaHHH npOCTO 

,ZlOmKHO nOBTOpHTh noBe,ZleHHe ce'leHHH o6p830BaHHH W Me30Ha. 

illecTrur rmma nOCBHIT(eHa IICCJie,ZlOBaHHIO peaKIUIB pp ➔ <prJ H pp ➔ 
K+ K-r,. OHa paccKa3hlBaeT o MeTO.ZlHKe onpe.ZleneHIIH BepoHTHOCTen aHHHrII

JifillHH no ,ZlaHHhlM KaHaJiaM II3 p83JIH'IHhIX Ha'laJihHhIX COCTOHHHH, 3,ZleCh o6cy

)K,ZlaeTCH, KaKHe TeopeTII'leCKIIe MO,ZleJIII cnoco6Hhl 061,HCHHTh II BOCnpOH3BeCTII 

nonyqeHHhle npaBHJia .ZlIIHaMII'leCKOro OT6opa ,ZlJIH peaKIUIII pp ➔ <pr,. 
O.ZlHHM II3 HaH6onee HpKHX npHMepoB CIIJihHoro HapyIIIeHHH npaBIIJia OUll B 

pp aHHHrHJIHIIHH HBJIHeTCH peaKIIHH pp ➔ ¢1r0
• HarrOMHHM, 'ITO noMIIMO HeO}Kll

,ZlaHHO 60JihIIIOrO 3Ha'JeHIIH ee BhlXO,Zla (no cpaBHeHHIO C BhIXO.llOM pp ➔ w1r0 ), 

6hlJIO o6Hapy)KeHO CHJlhHOe ,ZlOMHHIIpOBaHIIe Ha'laJihHOro COCTOHHIIH 381 Ha.n; 
1 P1 ( 3aKOHaMH coxpaHeHHH KBaHTOBhlX 'IHCeJI .D;JIH .D;aHHOH peaKIIHH pa3peIIIeHbl 

TOJlhKO 3TH .n;Ba Ha'laJihHhIX COCTOHHIIH) (8). B TO )Ke BpeMH, npo.n;eJiaHHhle C 

)Kll,ZlKOH MIIIIIeHhIO II3MepeHHH (7),(24) peaKIIHH 

p + p ---4 ¢ + T/, (5) 

KOTOpM n.n;eT II3 Tex )Ke .ZlBJX Ha'laJihHhIX COCTOHHHH (Ho C .n;pyrIIM II30CnHHOM), 

'ITO II pp ➔ <p7r0 , He noK83aJIII HHKaKHX cepbe3HhIX OTKJIOHeHHH OT npe.ticK83a

HHH npaBIIJia OUll: 3Ha'leHHe OTHOIIIeHIIH R(¢/w) = (6.0±2.0) • 10-3
_ Ilo3TOMY 

npe.n;cTaBJIHeTCH IIHTepeCHhlM II3MepHTh 3aBIICIIMOCTh 3Ha'JeHIIH BhIXO.n;a 3TOro; 

KaHaJia OT cnHHa Ha'laJihHOro COCTOHHHH II cpaBHHTh ee C 3aBHCIIMOCThlO ,ZlJIH . 

<p7r0 . KpoMe Toro, HHTepeCHo II3MepIITh TaK)Ke BhIXO.Zlhl peaKIIHH pp ➔ K+ K-r,, 
ycTaHOBIITh ee npe.n;nO'ITIITeJihHOe Ha'laJihHOe cnHHOBOe COCTOHHHe. 

llnH peIIIeHIIH 3THX 3a,Zla'l 6hi:JIH Ha6paHhl .D;aHHble C MIIIIIeHHMII p83JIII'IHhIX 

nJIOTHOCTen: MHIUeHh C )KH.n;KIIM BO.n;opo.n;oM, ra3006pa3HhlM Bo.n;opo.n;oM npH .n;a

BJieHHII 1 aTM, a TaK)Ke r83006pa3HhlM Bo.n;opo.n;OM npII HII3KOM .n;aBJieHHH 5 
M6ap. Ha6op .n;aHHhIX 6hlJI ocymecTBJieH B 1994-1995 ro.n;ax c TpIIrrepoM nep

Boro ypoBHH, Tpe6oBaBIIIIIM HaJIII'IHe CIIrHaJIOB OT .n;Byx C'leT'IHKOB tof II .n;Byx 

cnrHanoB OT cqeT'IIIKOB TOF. 
Co6hITIIH OT6HpanIIch c .n;ByMH TpeKaMII B JDC, Ka)K.D;hlH .ZlJIHHOH He MeHee 20 

CM. O6e qacTHUhl ,ZlOJl)KHhl 6hlJIH 6h1Th pacno3HaHhl KaK KaOH no pe3JJlhTaTaM 

II3MepeHIIH dE/dx. Bcero Ha neHTY 6hlJIO 3arrIIcaHo 10.4, 6.7 II 9.4 MIIJIJIHOHOB 

C06hlTIIH C )KH.n;KOH II r83oo6pa3HhlMII MHIIIeHHMII npII .ZlaBJieHHHX 1 aTM II 5 
M6ap COOTBeTCTBeHHO, a BCeM KpHTepIIHM OT6opa Y.ZlOBJieTBOpHJIO 1.81 · 105

, 

1.06. 105 
II 1.71. 105 C06hlTIIH C MIIIIIeHHMII, Ha3BaHHhlMII B TOM )Ke nopH.n;Ke. 
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llnH Toro, 'IT06hl oTo6paTh co6hlTIIH peaKIIHH (5), HaMII 6hlJIH npoaHaJIH3H

poBaHhI pacnpe,ZleJieHHH no HHBapHaHTHOH Macce .llBJX KaOHOB MK+K- ,llJIH co-

6hITHH C KBa,ZlpaTOM He,ZlOCTaromeil: Macchi, 6JIII3KIIM Km~= 0.3 I'3B
2 
/c

4
: 0.26 < 

M;,iss < 0.34 I'3B2 /c4 8TH pacnpe.n;eneHHH nOK83aHhl B cpe,ZlHeil: qacTII PIIc. 2 . 
JleBM )Ke H npaBM qacTII PIIc. 2 .ZleMoHCTpIIpyroT pacnpe.n;eneHHH no MK+K

.n;nH HHTepBaJIOB no KBa.n;paTy He.D;OCTarorn;en Macchi MeHhIIIe II 60JihIIIe Macchi 

r,, r.n;e 'IIICJIO co6hlTHH c r, npeHe6pe)KIIMO Mano: 0.15 < M;,iss < 0.23 I'3B
2
/c

4 

( cneBa) II 0.37 < M;,iss < 0.45 I'3B
2 

/ c
4 

( cnpasa). 

Y cnoBIIMCH .n;nH KpaTKOCTII H83hlBaTh HHTepBaJihl 6yKBaMII "A", "B" , "C" 
B nopH.n;Ke yBeJIH'leHHH M;,iss· 

llHTepBan "B" co.n;ep}KHT no.n;aBJIHIOIIIYIO qacTh co6hlTIIH IIHTepecyromeii: 

Hae peaKIIHII. BKna.n; QJOHOBOr.D KaHaJia 

p+p --➔ ¢+1ro+1ro (6) 

Han6onee 3Ha'IHTeneH B HHTepBan "A" ' B TO BpeMH KaK C06hlTIIH C KOHe'IHhlM 

COCTOHHIIeM <p7r01r01r° CKOHIIeHTPIIP.OBaHhl rnaBHhlM o6p830M B IIHTepBane "C". 
C IIeJihIO OIIeHKII BKJia.n;a QJOHOBhIX (pp ➔ .<pX) peaKIUIH B IIHTepBaJI no He

,ZlOCTarorn;eil: Macce "B"' 6hIJIH onpe.n;eneHhl KOJIII'leCTBa co6hlTHH C ¢ Me30HOM 

B coce.n;HHX IIHTepBanax "A" II "C". Bhl<JHTaHHe q>oHa npoBO.n;HJIOCh B npe.n;

noJIO)KeHIIH ero rna.n;Koro pacnpe.n;eneHHH no KBa.n;paTy He.n;ocTarorn;eil: Macchi. 

Mo.n;eJIHpOBaHIIe pa3JIH'IHhIX QJOHOBhIX KaHaJIOB nOK83aJIO onpaB.n;aHHOCTh Ta

KOro npe.n;noJIO)KeHHH. 

Mo,ZleJIHpOBaHIIe peaKIUIII (5) nOK83bIBaeT, 'ITO 3q>q>eKTIIBHOCTh perIICTpa

IIHH Ereg B cnyqae aHHHrIIJIHIIHII II3 Ha'laJihHOro COCTOHHHH l P1 MeHhIIIe no Be

. JIII'IHHe, 'leM B cnyqae c 3 81. Ilo3TOMY 6e3 .n;onoJIHHTeJihHOH IIHQJOPMaIIHH o TOM, 

KaKM qaCTh co6hlTIIH II.n;eT II3 Toro HJIH IIHOro Ha'laJihHOro COCTOHHHH, MO)KH0 

onpe.n;eJIHTh TOJihKO BepXHHH (B npe.n;rron:o)KeHHH, 'ITO BCe co6hlTIIH IIMeJIII Ha

'laJihHOe cocTOHHIIe 1 A) II HH)KHHH ( cooTBeTCTBeHHo, 
3 81) npe.n;enhl 3Ha'leHHn 

BhIXo.n;a IIccne.n;yeMoro KaHana. 

KoJIII'leCTBO co6hlTIIH Nev c ¢ Me30HOM B Ka)K.ZlOM Ha6ope .n;aHHhIX MO)KHO 

npe,ZlCTaBIITh KaK cyMMY BKJia.D;OB .n;Byx IICTO'IHHKOB: 

Nev = Nev(381) + Nev(1Pi) (7) 

KOTOphle B CBOIO oqepe.n;h Bhlpa)KaIOTCH, CJle,ZlyH (15), KaK 

Nev(381) 

Nev(1Pi) 

(1- fv) · ¾ · E(381) · B.R.(381 ➔ ¢r,) · Nann · Ereg(381) (8) 

3 l ) (1 ) l fv · 
12 

• E( Pi · B.R. Pi ➔ <prJ · Nann · Ereg( Pi) (9) 
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Interval A Interval B Interval C 

N ~N150[jN ~ ~ 60 \. a) ~ \ b) ~ so ] c) > ! > ! > ' 
CV ! cv,oo I cv 60 ! -0 

c., 40 ! c., ! c., ! ·-
<D \ <D ! <D 40 . ; ::::, 
0 • 0 ' 0 • ~ ~ 20 ' ~ 50 . . ~ . j ::i 
0 ' 0 ! 0 20 ' 
'- ! '- ! '- ' 

en O . "' 0 . "' 0 . 
c 1 1.1 1:2c 1 1.1 1.2c . 1 1.1 1.2 
~ M"", GeV/c2 ~ M ••• GeV/c

2
. ~ M •• , GeV/c

2 

w w w 

NU aa·, ,NU [PJ', NU60[0,) '- : d) '-so'.·. e) ,_ : f o.. ~40 j ~ . ~ j l-
e., I c., 60 • c., 

40 
' I Z 

~ ! <D ' <D : ~ g 20 . g 40 \ g 20 t 0 
o t o 20 I o . Cl) 

'- • '- • '- ! 0 
"' 0 . "' 0 . "' 0 . 0 
c 1 1. 1 1.2 c 1 1. 1 1.2 c 1 1. 1 1.2 
~ M .. , GeV/c2 ~ M ••• GeV/c

2 ~ M••• GeV/c
2 

w ' w w 

cv I cv 60 cv. t 
c., ! c., c., 40 ;, 
co40 , co 40 • co : 

.D 

E 
LO 
~ 

0 

160~: g) 1

80 

[12J' h) 160 ~l-_i) ' 

g • ' g ' : g j 
0 20 : ' 0 20 j O 20 ' Cl) 

'- ! -...... ! '- ! ' 0 cno • cno ,· cno ' 0 
c 1 1 . 1 1.2 c 1 1.1 1.2 c 1 1. 1 1.2 
~ M••• GeV/c2 ~ M ••• GeV/c

2 
'~ M••• GeV/c

2 

· 
w w w 

PIIcyHoK 2: Pacnpe.n:erreHIIe no MK+ K- .n;rn1 Tpex IIHTepBarroB no He.D:OCTaIOineii 

Macce .n:m1 Tpex nJIOTHOCTeii MIIIIIeHII: .n:mc )KJI.D:KOH MIIllleHII (a,b,c), .n;m1 ra.30-

BbIX MIIllleHeii npII .n;aBJ1eHIIHX 1 aTM (d,e,f) II 5 M6ap (g,h,i). ,JieBhIH cTorr6e11 

COOTBeTCTByeT IIHTepBarry "A" (cM. TeKcT), CTOJI6e11 (b,e,h) COOTBeTCTByeT IIH

TepBarry "B", II CTorr6e11 (c,f,i) cooTBeTCTByeT IIHTepBarry "C". IlyHKTIIpHhle 

JIIIHIIII noKa3bIBaIOT Macey cp Me3oHa. 

3.n:ecb 3a fp o603Ha'IeHa .U:OJIH aHHIIrIIJIHIIIIH II3 P-COCTOHHIIH, MHO:lKIITeJIII ~ II 
f2" HBJIHIOTCH CTaTIICTII'IeCKIIMII BeCaMII COCTOHHIIH 

3 S1 II l P1, COOTBeTCTBeHHO. 

E(3S1) M E(1 Pi) HBJIHIOTCH qiaKTopaMII, KOTOpbie OTpa:lKaIOT OTKJIOHeHIIe 3ace

JieHHOCTII ypOBHeii OT 'IIICTO CTaTIICTII'IeCKOrO. 8TII q>aKTOpbl 6bIJIII norryqeHbl 

c noMOIUbIO MO.n;erreii aTOMHOro KacKa.n:a [15]. HanoMHIIM, 'ITO no.n: B.R. Mhl 

no.n:pa3yMeBaeM BepOHTHOCTb TOrD, 'ITO Ha'IaJibHaH CIICTeMa pp C onpe.n:erreH-

14 
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HbIMII KBaHTOBbIMII 'IIICJiaMII aHHlirIImrpyeT B llaHHOe COCTOHHIIe. BeJIII'IIIHbI 

fp II q>aKTOpbI E 3aIIMCTBOBaHbI II3 [15]. 
l:bMepeHIIH npII Tpex nJIOTHOCTHX no.n:opo.n;HOH MII111emr .n;aIOT HaM BeJIII

'IIIHbI Nev• To eCTh, Mb! IIMeeM TPII ypanHeHIIH Ii .D;Ba HeII3BeCTHblX napaMeTpa: 

B.R.(3S1-+ ef;r,) II B.R.(1P1-+ ef;r,). 3m1_qeHIIH 3THX napaMeTpoB MO:lKHO onpe

.n:errIITb II3 npo11e.n:yph1 no.n;roHKH. BbmII nonyqeHbI cne.n:yromne BepoHTHOCTII: 

B.R.(3S1-+ ¢Tl)= (0.76 ± 0.31). 10-4 (10) 

B.R.(1 Pr -+ ¢TJ) = (7. 72 ± 1.65) · 10-4 (11) 

TaKIIM o6pa30M, Mbl o6Hapy:lKIIJIII, 'ITO B peaKIIIIII pp-+ ¢TJ BepOHTHOCTb B cny

qae cnIIH-CIIHrneTa 1 P1 B 10 p8.3 BhIIIIC, qeM B cnyqae TpnnneTa 3S1. To ecTb 

noBe.n;cHIIe, npoTHBonorro,KHOe Ha6mo.n:eHHOMY B pP -+ ¢1r0 [25]. McrroJib3YH 3Ha

qeHHH nepOHTHOCTeii, nonyqeHHbie Bblllle, 6hIJIII BbI'IIICJieHbl IIOJIHble BbIXOllbl 

llJIH Ka:iK.n;OH H3 MIIIIICHeii. 

Mo:lKHO paCCMOTpeTb, KaK norry'IeHHbIH pe3yJibTaT MO:lKHO IIHTeprrpeTIIpO

BaTb c noMOIUbIO IIMerouimccH Mo.n;enefr Hapy111eHIIH npaBIIJia OIJ;M. 

IlpIIMeHeHIIe MO.O:eJIII BHyTpeHHCH IIOJIHpII30BaHHOH CTpaHHOCTII 3.n;ecb HCO.U

H03Ha'IH0. O6IIJibHbIH BbIXOll ¢ Me30HOB B pp aHHIIrHJIHIIIIII B IlOKOe ofo,HCHH

eTCH B HeKOT0pbIX MO.n;eJIHX nepepacceHHIICM K* K IIJIII pp B npOMC,KYTO<IHbIX 

COCTOHHIIHX (cM. [26) II CCbIJIKII B HIIx), B3aIIMO,UeHCTBIICM KaOH0B B K0HC'IHOM 

cocTOHHIIII [27), npIIMechro ss B HyKnoHHoii BOJIHonofr q>YHKIIIIII c nocnc.n:yromIIM 

ee "nbI6IIBaHIIeM" [28]. HeKOTOpbie II3 3TIIX no.uxo.uon rrpe,UCKa3bIBaIOT 3Ha'ICHIIH 

BbIX0llOB, 6JIH3KIIe K Ha6JIIO,UaeMhIM, O,UHaKO He MOryT 06'bHCIDITb HM Ha6JIIO

,UaeMyIO CilIIHOBYIO 3aBIICHMOCTb .UJIH ¢7r0
, HM rrpe,UCK8.3aTb TaKonyro_ ,UJIH ¢·,,. 

Jiro6onhITHO, .'ITO II3y'IeHIIe peaKIIIIH np -+ nJrrJ II pp -+ JJPT/ [29] TaK:lKC rroKa-

3ano rrpeo6na.uaromee pO:lKllCHHC T/ MC30Ha H3 CilIIH-CHHrJieTHOro C0CTOHHIIH. 

l1HTepeCHO TaK:iKe BbIHBIITb ll0MHHHpyromnc HatJaJibHbIC C0CT0HHHH ,UJIH pc

aKUIIII pp -+ K+ K-r,. IlocKOJihKY n .ueTCKTope ODELIX nopor pcrucTpa

uun peaKIIIIH O'!eHb tJyBCTBIITCJICH K HMITYJihCY KaOHOB, aKCCITTanc pcaKIIHH 

pP-+ K+ K-:TJ oqenh neo.llilopo,ueH. 11o3TOMY npocTofr no,ucqeT K0JIHtJCCTBa co-

6bITHH B IIIIKC OT TJ Me30Ha B cneKTpe no He,UOCTaIOIUCii Macce H 3aTCM norrpanKa 

Ha IIHTerpanbHYIO 3q>q>eKTIIBHOCTb perncTpa111111 .uanu 6hI 0'ICHb HCT0'IH0C 3Ha

qemre BbIXO,Ua pCaKIIIIH. l103TOMY Mb! p8.3.rtCJIHJI~ co6bITHH Ha rpyrrnhl (Ka

:lK.n;aH II3 KOT0pbIX OTBeqacT onpc.neneHH0MY yqacTKY .nuarpaMMbI llarrHTIIa), 

r.ne aKCenTaHC MeHHeTCH crra6o, Bhl'IHCJIHJIH 3q>q>eKTHBHOCTb pcrncTpaunu llJIH 

Ka)K.ll;OH rpynnhl co6bITHH. n 3aTcM rro,uc'IIITann rrorrHhlii: BhIX0ll pcaKIIHH KaK 

CYMMY BbIX0,U0B ,UJIH Ka)K.ll;OH rpynrrhl. D HT0re noJiy'IHJIH 3Ha'IeHirn BbIX0.UOB 
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Y = (6.36 ± 0.29) • 10-4 .IJ;JUI )KH)];KO:ii: MIUUemr, Y = (3.64 ± 0.25) . 10-4 .IJ;JUI 

r8.3oBoii Minuemr rrprr ,namieHHir 1 aTM rr Y = (1.94 ± 0.23) • 10-4 mm ra3oBoii . 

MirnrnHir rrprr .naBrreHirrr 5 M6ap. 

Ce,n:bMM rmufa co.nep)KffT rro.npo6Hoe orrrrcaHire rrpe.nrro)KeHrrsr 3Kcrreprr

MeHTa ITO rrpoBepKe rrpe,nCK8.3aHllll Mo,neJIIr IIOJUipll30BaHHO:ii: CKphITOll CTpaHHO

CTll HyKrroHa c II0M0IIJ;hIO rr3yqeHrrsr peaKUirir dff --+3 H e<f>. 
Psr.n llHTprrryromrrx oco6eHHOCTeii po)K.IJ;eHHSI <P Me30Ha B aHTHIIpOTOH

rrpoTOHHOll aHHirrllJISIUllll B IIOKOe MO)KeT 6h!Th 06'bSICHeH rrprr IIOMOIIJ;ll MO,D;eJIIr 

rrorrsrprr3oBaHHoii cKphITOii cTpaHHOCTir B HYKJIOHe [ 10] . IIocTyrrrrpoBaHHasr B MO

.neJIIr CIIllH0BaSI 3aBHCllMOCTb BbIXO,na <P MO)KeT 6hITb o6Hapy)KeHa B uerroM psr.ne 

rrpoueccoB, HarrprrMep, B 

p + d -t 3H e + ¢, (12) 

B ·[10] rrpe.ncKa3bIBaeTcsr, qTo po)K.IJ;eHrre ¢ 6y.neT ycrrrreHo B crryqae, Kor.na 

CIIllHhl rrpOTOHa Ir .neiiTpOHa rraparrrreJihHhl. CooTBeTCTBeHHO, B crryqae rrpOTll

BOIIOJIO)KHO HarrpaBJieHHhIX CIIHH0B, M0.IJ;eJih rrpe,ncKa3h!BaeT rro,naBJieHire pO)K.IJ;e

HirSI <P Me30Ha. 

B TO )Ke BpeMsr, "cTaH.napTHbiii" .nByxqacTrrqHhlii MeXaHir3M po)K,neHirsr 3H e 
B peaKUirir (12) (qepe3 uerroqKy pp ➔ d1r rr 1rN ➔ XN) [31] rrpe.ncKa3h!BaeT a6-

corrroTHo rrpOTHBOIIOJIO)KHOe IIOBe,neHrre BbIXO,D;a·</J. TaK, BhlqrrcrreHHaSI BerrrrqHHa 

acrrMMeTpllll 

A= Y(tt) - Y(t.!-) 
Y(tt) + Y(t.J,.) 

(13) 

C 

(r.ne 3a Y o6o3HaqeH BhIXOA 3H e .nrrsr rraparrrrerrhHOii Ir aHTirIIaparrrrerrhHOii oprr-

eHTaurrrr crrrrHOB rrpoToHa rr ,neiiTpoHa) B6JIH3Ir rropora paBHa A = -0.95. Mo

.nerrh )Ke BHyTpeHHeii IIOJISipll30BaHHOll CTpaHHOCTll rrpe.ncKa3hIBaeT IIOJIO)Klf

TeJihHYIO aCHMMeTpllIO. 

BhIXO,nhl ¢ (rr w) Me30HOB B peaKIIIrir (12) 6h!JIH M3MepeHhl Ha SATURNE II c 

HeIIOJISipll30B8.IIHhIMM rryqKOM If MMIIIeHbIO [30]. BhIJIO 06Hapy)KeHO cymeCTBeH

HOe OTKJioHeHrre OT rrpe,ncK8.3aHllii rrpaBMrra OIJJI: R(<f>/w) = (80± 3:!:l0 ) • 10-3
~ 

Ba)KHO cpaBHllTb oco6eHHOCTM pO)K,D;eHirsr <P M w Me30HOB. 8cpcpeKThl sr,nepHOll 

,nirHaMHKll cpopMHpOBaHllSI 3H e .IJ;OJl)KHbl 6hITb CXO.IJ;HhIMM C o60MMM Me30HaMH. 

IIo3TOMy pO)K.IJ;eHrre W Me30Ha SIBJISieTCSI xopournM MCTOqflifKOM MHq>OpMaIIIrir 0 

CTaH,napTHOM MeXaHll3Me pO)K.IJ;eHHSI BeKTOpHbIX Me30HOB. 

TaKHM o6p8.30M, O)Kll,D;aeTcsr, qTo OTHOIIIeHMe ceqeHirii ¢/w 6y,neT 60JihllIMM, 

a aCHMMeTpllSI (13) B crryqae C <P Me30HOM - 60JibllIOll ll IIOJIO)KffTeJihHOii. 

B JIB8 Ol'I51l'I ocymecTBrrsreTcsr rrpoeKT [32], B paMKax KOToporo npe.nrro

rraraeTcsr llCIIOJib30BaHire IIOJISipll30BaHHOll rrpOTOHHOll MHUieHir Ir MarHirTHOro 
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I 

crreKTpoMeTpa BES. IIocrre.nHirii MO)KeT 6h!Th MCIIOJih30BaH .nrrsr penrcTpaIIMM 
sr,npa 3H e B peaKIIIrsrx: 

J+ p--➔ 3He + </>, 
J + P --::-t 3He + w, 

(14) 

(15) 

IIorrsrpir30BaHHaSI MMUieHb y)Ke YCTaHOBJieHa B 3KCIIeprrMeHTaJibHOM 3arre, If Ha 

Heii rrpoBe.neHhl rrepBhle Ir3MepeHirsr [33],[34]. O6rn;Irii BMA ycTaHOBKM BES rro

K8.3aH Ha Prrc. 3. CrreKTpOMeTp BKrrroqaeT B ce6sr MarHMThl SP57 M SP40, rrpo

rropIIIrOHaJihHhle KaMephl If BpeMmporreTHhle ro~OCKOIIhl. PeaKIIllIO C </J Me30HOM 

MO)KHO 6y.neT M3MepMTh, .norrorrHirB ycTaHOBKY CIIIrHTMJIJISIIIIrOHHhIMM M qepeH
KOBCKHMir cqeTqlfKaMM. 

BHHapHhle peaKIIHM {14)-(15) npe.nrrorraraeTcsr OT6MpaTb no IIMKY OT 3He B 
crreKTpe He.D;OCTaIOIIJ;MX Mace. 

B KaqecTBe pa6oqeii To~rr no MMITyJihcy .neiiTpOHHoro nyqKa Mhl Bhl6paJIM 

5.35 r3B/c, r.ne, KaK 6hlrro rroKa3aHo B pa6oTe [31], ceqeHire peaKUirir {12) .no
cTrrraeT MaKCMMaJibHOro 3HaqeHirsr. 

IIpe.nrrorraraeTcsr perMCTpMprn:mTh sr.npa 3H e no BpeMeHM rrporreTa M orrpe

.nerreHMIO 3apsr,na .neTeKTOpaMrr crreKTpOMeTpa BES M M3MepsrTb MX MMrryrrhc 

Ir yrorr. 3aTeM C06h!TllSI C </>(w) Me30Ha:MM MoryT 6h!Th OT06paHhl no IIHKY B 

crreKTpe He.IJ;OCTaIOIIJ;MX Mace. Mhl rrpoBeJIM MO,neJIIrpOBaHMe M3yqaeMoii peaK

IIIrir. Pa3MhITire·IIllKOB OT:</J If W Me30HOB 3a cqeT K0HeqHOI'O pa3peUieHMSI CIIeK

TpOMeTpa If IIOTepeii B 20-caHTHMeTpOBO:ii: MMIIIeHir OK8.3aJIOCb He60JibUillM . 

lin:sr Toro, qTo6h! perMcTpMpoBaTh ¢ rr w Me30Hhl no nHKaM B crreKTpe He

.nocTaroIIJ;MX Mace, IIOCTpOeHHOM ITO ll3MepeHirIO BeKTopa lfMnyJihCa sr,npa 3H e, 
Heo6xo,nMMO yqeCTh HaJIIrqife q>0HOBbIX rrpouecCOB co 3Haqlf;eJibHO ~p~BOCX:0.ll;SI

IIJ;llMM ceqeHMsrMrr, rrraBHhIM o6pa3oM: J + p --➔ 3H e + n • 1r. C ueirhro oueHKM 

ypOBHSI cpoHa, Mhl CMo,nerrMpoBaJIIr C06hITMSI 0.D;HOH M3 Ha6orree orracH~ q>OHO
BbIX peaKullii 

J + p ➔ 3H e + n+ + n- + no + no . {16) 

a TaK)Ke MCCJie.D;OBaJill peaKIIHIO (12) Ha CBSl3aHHOM, HerroJISipM30BaHHOM rrpo

TOHe. OK8.3aJIOCb, qTo IIHK OT <P Me30Ha B. crreKTpe. He,nocTaIOIIJ;MX Mace oqeHb 

CllJibHO pa3MhIT M3-3a cpepMM8BCKOro .IJ;Bll)KeHMSI HJKJI0HOB B sr.npe. HaUia oueHKa 

IIOK8.3b1BaeT, qTo CirrHaJI OT peaKIIIrM Ha CB060.D;HOM IIpOTOHe g 14 pa.3 CMJibHee 

TaKOBoro Ha CBSI38JilIOM · HJKITOHe, ecrrrr o6a· pacrrpe,n;erreHirsr no He.D;OCTaromeii 

Macce rrpOHHTerprrpoBaTh B rrpe.nerrax IrHTepBaira me/> ± 3a, r,n;e 3a a o6o3Ha
<ieHa UIMpHHa •:rin:Ka ¢: 
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VelD 

Beam[].\ l~c 
~ ·- \\ t 

Pol.target/ 

C-Cerenl<ovccunlers 
Sc- scintlllator ccunters 

MagnetSP51 

Veto. - veto sc lntillator ccu nters 

MagnetSP40 

= \ 
\ PC3 

m 

100 cm 

1--l 

H1, H2, a TOF hodoscapes 
PC1, PC2, PC3 - proportional chambers 

' 

PIIcyHoK 3: O6mir:ii BII.D: rrpe.n:naraeMo:ii ycTaHOBKII. 

Ilpe.n:naraeTcsr rrpIIMeHIITb cne.n:y10myro cxeMy rro.n:aBJieHII}I cpoHa. C6opKa II3 

qepeHKOBCKIIX cqeT~KOB, .n:e:iicTBIIe, KOTOpbIX OCHOBaHO Ha HBJieHIIII IIOJIHOro 

BeyTpeHHero OTpaJKemrn, 3a KOTopo:ii cne.n;yeT Ha6op CXO)KIIX no cpopMe H pa3-

Mepy CU:IIHT:IIJIJI5IIJ;HOHHbIX cqeTqHKOB, pacrronaraeTCH Herrocpe.n;CTBeHHO IIOCJie 

MmrreHII, rrepe.n: crreKTpoMeTpOM BES, lleTeKTOp rroKpbIBaeT HHTepBan yrnoB . 

5° < 0 < 20° OTHOCIITeJibHO OCII rry~a H II03BOJIHeT OT06paTb co6bITHH C .D:BYMH 
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Me.n;eJieHHbIMII 3apH>KeHHblMH qaCTHURMII 13 onpe.a;eJieHH0M yrJI0l30M .n;MaIIa30He . 

KpoMe Toro, npe.n:rronaraeTCSl: ycTaH0DHTh DeTo-,ZleTeKT0p, IIOKpbIBaIOmIIH yrJibI 

0 > 20°. 3TOT .n;eTeKT0p II0M0>KCT HCKJUO'!HTb CO0blTlrn C 3apsr>KeHHbIMII 'Ia

CTIIUaMH, JieTHlUHMH no.n; 00,llbWHMH yr.naMH, 

TpIIrrep 6y,n;eT Tpe6onaTb Hal!H'!H.f! D C06bITHH .f!.D;pa 3He H OTCYTCTBHH CIIr

HaJIOB C BCT0 ,n;eTeKT0p0B. B off-line aI-iami:3e 6y.o;yT OT6npaTbCH co6bITIIH C 

.D:BYMH CHrHaJlaMH C CHCTCMbl CUHHTHlIJI.fIT0p0B np:u ycJI0BHll 0TCYTCTBIIH CIIr

HaJIOB a qepeHK0BCK0M CtJCTtm::ice. Ilocne OTDOpa no CK0p0CTH (/3 < 0.9), MHO

:>KecTBeHH0CTH (N = 2), yrnaM (5° < 0 < 20°) H HaJIH'IHlO 3He, peaKUIIH (16) 
rro.n;aBJIHeTCSl: Ha q>aKT0p ~ 2 · 103' a peaKUH.fI Ha CD.fI3aHH0M HYKJl0He - Ha cpaKTOp 

~ 4 -103
• 

KaHaJihl C oom,meft MH0)KCCT!lf;lHH0CTbIO HMOIOT 6onee HH3KHC 3Ha'!eHHH ce

qemr:ii, a KaHaJI&I c Manol'f MHO>KOCTllCHHOCThKl xapa1<Tcpu3yroTc.R HaJIH'IIIeM 

6bICTpbIX IIH0H0B, K0T0pble DY,ztYT .o;anaTb CHrHaJI D qepeHKOBCK0M cqeT'IIIKe. 

Ilo::HOMY no.a:aBJieHHe cJ)oHa Ha ¢a.r<TOp nop.R,ZlKa 103 - 104 rrpe.a;cTaBmieTCH 

BII0JIHC .D;0CTH,I<HMblM, 

HaMu 0bIJia c.a;eJiaHa 0UCHK!l, CT!l,THCTHKH ,U,!Hl HMIIYJibCa rryqKa Pd=5.35 
raB/c. llnsr Toro, tJTO0bl II0JiytUJTb ~10000 C06bITHH (12), Tpe6yeTCH 9 .O:Heii 

rromrpH30BaHoro .n:eil:TpOHHOl'O nytnm HHTCHCHDH0CTbIO Nd= 108 ceK- 1. IIpe.n:

II0JlaraeMa.fI TO'IH0CTb H3Mepemor aCIIMMCTpHll'. C0CTaDHT c5A = 0.025. 
B aoc&Moii rmme o6cy>K.a;ruoTCH non:ytJCHHbl'.C D pa6oTe pe3ynhTaThl.1lau

Hasr .n:uccepTaIUI0HHM pa60Tll, JI0CIHIIJ.lOHll, lt3ytiemno po>KrteHHH ¢ MC30Ha B 

aHTHIIpOTOH-rrpoT0HHo:ii aHHuru,mmHH n noI<oe Ha cneKTpoMeTpe OBELIX, 

ycTaH0BJICHHOM Ha rrytJKe aHTHnpoT0H0D HaKonuTensr LEAR n UEPH. BbIJia 
BbIII0JIHCHa o6pa60TKa .naHHbIX, HaH.O:CHbl'. KpHTOPHII OT6opa, Bbl'..n;CJICHbI II3ytJa-

8MbIC peaKmm, c,uemum M0rtenupoaamrn 3THX peaKwril: no MoHTe Kapno II rrp0-

Be.n:eH q>II3HtICCKHU aHaJill3 C l!;CJlJ:,JO Jl0HWfh npwmttbl $1BJICHHH CIIJibH0ro Hapy

IIICHIIH rrpanuna OKy6o-Unei'Irarl1u3yKu n mmurHJIHWIH rroKoamirxcsr aHTIIrrp0-

T0H0B. Pa3pa6oTaH npoeKT 3KcnepHMCHTa no p0iKitCHlIIO ¢ M830H0B rryqK0M 

rromrpH30B8.IIHhlX .n:eil:TpOHOD Ha nomrpll'.30DIUIHOU npoT0HHOH MIIIIICHII ycKopn:

TCJibH0ro K0MIIJleKca JJBG 0115111, KOTOPhlH Jl03J30JIHJI 6bl nponepIITb rrpc.n:cKa-

3aHIIH Mo.n:eJ1II rronsrpH3oaammu cKpbl'.TOH CTpaHH0CTH HYKJl0Ha. 

OcHOBHblC pe3yJihTaThl .n:m,cep-raumi: M0IKH0 ciPopMyJiuponaTb CJIC.D:YIOlllIIM 

o6pa30M: 

• l13MepeHbI BbIX0.D:bl peaKJ:lIIH 

p + p ➔ ¢> + 7f+ + 7f-
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(17) 



n: 

p + p ➔ w + 11"+ + 11"- (18) 

aHHn:rn:mrun:n: IIOKOfilIUIXCH aHTHIIpOTOHOB B )KIU{KOH BO,Uopo,nHOH Mn:IIIeHn: 

n: B ra3oo6pa3HOH Bo,nopo.nnofr MHIIIeHn: rrpn: 3 aTM. lfayqanach 3aBn:cn:

MOCTh BhIXO.Ua peaKIUill OT BeJIH'IHHhI 3cpcpeKTHBHOH MaCChI .nn:rrn:OHHOH 

CHCTeMhI. OKa3aJIOCh, 'ITO B cnyqae aHHn:rHJIHIUIH B )KH.UKOll Mn:IIIeHH, BhI

XO.UhI peaKIUitt paBHhI Y(¢nr+7r-) = (3.5 ± 0.4) • 10-4 
n: Y(w7r+7r-) = 

(719 ± 74) • 10-4_ linH n:HTepBarra 3cpq>eKTHBHhIX Mace ,nn:rrn:OHHOH cn:

CTeMhI 300 - 500 M3B / c2 BhIXO.UhI peaKun:fr cocTaBJIHIOT Y ( ¢7r+ 7r-) = 
(0.7 ± 0.1) • 10-4 :rr Y(w7r+7r-) = (42.4 ± 6.5) • 10-4 B cnyqae ra3oo6pa3-

Hofr MHIIIeHn: rrp:rr 3 aTM Y(¢nr+7r-) = (3.7 ± 0.5) • 10-4 
n: Y(w7r+7r-) == 

(628±34) • 10-4 ,nJIH Bcero ,nn:arra3oHa Mace; Y(¢nr+7r-) = (0.7±0.2) • 10-4 

n: Y(w7r+7r-) = (23.9 ± 5.4). 10-4 .UJIH n:HTepBaJia no 3cpcpeKTHBHOll Macce 

.nn:rrn:oHHoii cn:cTeMhI 300 - 500 M3B / c2. 

TaKn:M o6pa30M, BhIXO.U ¢ Me30Ha He MeHHeTCH OT O.UHOH MMIIIeHn: K .npyroii:, 

a BhIXO.U w MeHHeTCH, 'ITO roBop:rrT O pa3HhIX MeXaHH3Max o6pa30BaHHH ¢ 

MW Me30HOB. 

• O6Hapy)KeHO, qTO OTHOIIIeH:rre BhIX0.U0B R(¢/w) peaKIUill (17) n: (18) yBe

JIH'IHBaeTCH rrp:rr yMeHhIIIeHH:rr MacchI ,nn:rrn:oHHoii: c:rrcTeMhI: linH ,Kn:,n:Koii: 

MmrreHH R(¢/w) = (4.9 ± 0.8) • 10-3 ,nJIH Bcex Mace 7r+7r- :rr R(¢/w) = 
(16.5 ± '3.5) . 10-3 .nnH 300 < m"+"- < 500 M3B/c2. B cnyqae ra30-

06pa3Hoii: MMIIIeHH rrpn: 3 aTM 3TH 3HatieHMH paBHhI (5.9 ± 0.9) . 10-
3 

If 
(29.3 ± 8.6) . 10-3' cooTBeTCTBeHH0. 

TaKMM o6pa30M, BrrepBbie o6Hapy,KeHa 3aBn:Cn:MOCTh CTerreHH HapYIIIeHMH 

rrpaB:rrJia OUM B peaKUMHX pp ➔ ¢X OT 3cpcpeKTMBHOii: MaCChI c:rrcTeMhI X. 

CpaBHeHHe c BhIX0,naM:rr peaKIUIH pp ➔ ¢11"0
, ¢r, n: qnr+7r- :rr3 cocTom:rrH 

3
81 

rroKa3hIBaeT Ha yMeHhIIIeH:rre BeJin:tIMHhI R(¢X/wX) c pocTo~ n:HBap:rranT

Hoii: MaCChI cn:cTeMhI X, 'ITO MO)KeT yKa3hIBaTh Ha HaJin:tIMe 3aBHCHM0CTII 

cTerreHn: HapYIIIeHHH rrpaBn:na OUM OT rrepe,nanHoro IIMrryJihca. • 

• M3MepeH BhIX0.U peaKIUIII 

p+p ➔ ¢+r, (19) 

aHHIIrHJIHUHH IIOKOHIUHXCH aHTHIIPOTOHOB B Tpex BO.nopo.nnhIX Mn:IIIeHHX, 

,Kn:,n:Koii:; ra3oo6pa3HOii: rrpn: ,naBJieHn:n: 1 aTM u ra3006pa3HOH rrpH ,naBJie

HHH 5 M6ap. M3MepeHn:e C ra30M rrpu HH3K0M ,naBJieHHH 6hIJIO rrpoBe.neno 
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BrrepBbie. IIonytieHhI cne.nyroume 3HaqeHIIH BhIX0.UOB peaKIUIII (19): 
Y = (0.71 ± 0.07) · 10-4 ( )KII,l{KHll BO,nopo.n), 

Y = (1.33 ± 0.15) • 10-4 (ra3 rrpu .nanneHHII 1 aTM), 

Y = (1.66 ± 0.20) • 10-4 (ra3 rrpu ,naBJieHHn: 5 M6ap). 

• BrrepBbie IIOJiytieHbI Bep0HTHOCTII aHH~~JIHIUIM (19) ll:3 orrpe,neJieHHhIX Ha

qaJibHhIX COCTOHHHll. OKa3aJIOCh, 'ITO BepOHTHOCTh aHHIIrHJIHUHH H3 co

CTOHHHH 1A 
B.R.(1Pi) = (7.72 ± 1.65) · 10-4 (20) 

Ha II0pH.U0K rrpeBbIIIIaeT BepOHTHOCTh aHHHrHJIHUHH H3 COCTOHHH.8: 381 

B.R(.381) = (0.76 ± 0.31) · 10-4 (21) 

TaKHM o6pa30M, o6Hapy)KeHO H0BOe ,nn:HaMHqecKoe rrpaBHJIO OT6opa - .no

MHHaHTOCTh BhIXO,na peaKIUIH pp -t , q>rJ H3 COCTOHHHH l Pi- MHTepeCHO, 

'ITO B CXO,KeM rrpouecce aHHHrHJIHIUIH pp ➔ ¢nr0 rrpaKTH'IeCKH IIOJIHOCThIO 

.UOMHHHpyeT ,npyroe HatiaJihHOe COCTOHHH8 - 381. TaKM 3aBHCHM0CTh Be

pOHTHOCTell BhIXO.UOB 3THX peaKun:ii: II03BOJIHJia ,nn:cKpHMHHHpoBaTb pH,n 

Mo.neneii: HapyIIIeHHH rrpaBHJia OUM. 

• M3Mepen BhIXO.U peaKIUIH 

p + p ➔ K+ + K- + r, (22) 

rrpn aHHHrHJIHIUIH IIOKOHIUMXCH aHTHIIPOTOHOB B Tpex B0,nopo.nnhIX MHIIIe

HHX: ,KH.n;Koi'i; ra3oo6pa3Hoii: rrpn ,naBJieHn:n: 1 aTM n ra3006pa3HOii: rrpn 

.naBJieHHII 5 M6ap: 

Y = (6.36 ± 0.29) • 10-4 (,KH.nKIIll Bo,nopo.n), 

Y = (3.64 ± 0.25) • 10-4 (ra3 rrpn ,nanJieHHH 1 aTM), 

Y = (1.94 ± 0.23) • 10-4 (ra3 rrpn .nannenn:n: 5 M6ap). 

M3MepeHHH C ,KH,nKOll MHIIIeHbIO H MHIIIeHhIO rrpn HM3KOM ,naBJieHHH rrpoBe

.neHhI BrrepBhie. BbIXO.U ,naHHOll peaKIUI~ B ,Kn:,n:KOCTH 60JibIIIe, tieM B ra3e, 

qTo YKa3bIBaeT Ha IIOBbIIIIeHHhlll BhIX0.U peaKIUIH H3 8-BOJIHbI. · 

• Pa3pa60TaH rrpoeKT 3KcrrepnMeHTa no rrpoBepKe MO,neJIH IIOJIHpH30BaHHOH 

CKpbITOH CTpaHHOCTH HYKJIOHa B H3MepeHHH aCHMMeTpHH po,K,neHHH q> Me-

30Ha B peaKIUIH dp ➔3 He¢(w) Ha ycKopnTeJihHOM K0MIIJieKce JIB8 OM5IM 
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C IICIIOJII,30BaHIIeM rromrpII30BaHHOro .neii:TepIIeBOro,rry'IKa II rromrpII30BaH
HOH BO,nopo,nHOH MIIIIIeHII. BhlIIOJIHeHO MO,neJIHpOBaHIIe )'CJIOBIIH per:i:rcTpa
U:HH ,naHHon peaKI{HII Ha crreKTpoMeTpe BES .. Pacc'IIITaIIhl cBoncTBa ·cII
cTeMhl qepeHKOBCKHX cqeT'IHKOB .nmr ~eHTII!pIIKaI!HH KaoHOB. IlpoMo,neJIH
poBaHhl qJOHOBhle ycJIOBIIH II IIOKa3aHa BhlIIOJIHIIMOCTh 3TOI'O 3KCIIepIIMeHTa 
Ha yciopIITeJibHOM KOMIIJie~ce JIB8 OM5IM. . . 
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