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1 06~a.n: xapaRTepHCTHRa pa60TLI 

AnTyaJlbHOCTb rrpo6JleMhl . 

Te11.neHII,HH n YHHqJHnaUHH 0IIHCamrn Bcex THII0B qiyHJJ.aMeHTaJlbH1dX BJa

HMO.D:eHCTBHM B npHpo.ne Ha cero,ll;HJIIIIHH.ll .neHb HaH6onee ycrreIIIHo peaJIHJ0Ba

JIHCb B Mo.nenH fnernoy-BaMH6epra-CanaMa. Bee paMnax e.D:11HL1M o6paJoM 0II11-

c1ma10Tc11 cna6L1e 11 3JleRtpoMarHHTHLle. BJaHMO,UeHCTBHJI Ha 0CH0Be CII0HTaHH0 

uapyrneuuoit SU(2)L X U(l) cHMMetpHH. 

HecMotpJI ua JHaqHTCJlbHhlH ycrrex CtaH.naptno:lt Mo.n:eJ1H, cxeMa ee rro

ctpoenHJI ne rrpe.n:ycMaTpHBaeT OTBeta Ha MH0rHe qiyH,naMeHTaJlbHLle B0IIp0Chl. 

XHrrCOBCKHM 6oJoH, o6ecrreqnBaIOllU1M CII0HTaHHoe HapyrneHHe CHMMetpHH, IIB

JIJICTCJI qiyH.n:aMentaJl1HOH qactmi:e:lt, Macca ROTOpo:fi IIBJIJICTCJI .D:0II0JIHHTeJlbHLIM 

CBo6o.n:HhlM rrapaMetpoM teopHH. CymecTByet rrpoHJB0JI H B ctpoemm: tpex ce

Me:fictB, B qacTH0CTH, 0TH0IIIemm: Mace H yrnoB CMeIIIHBamrn Mem.n:y qactmi:aMH 

HJ paJHhlX IIOROJICHHH. IloMHMO 3Toro, octaeTCJI 0TRpLIThlM Borrpoc HapyrneHHM 

CP-qetnoctH. · 

}RenaHHe OTBCTHT1 Ha 3TH B0IIpOChl H ctpeMJICHHe R .n:aJlbHe:firne:fi yHHqm

naUHH ( ofrI,e.D:HHCHHe CHJlbHhlX H rpaBHTaUHOHHLIX BJaHMO.D:CHCTBHM) rrpHBeJIO 

R caMhlM pa3H006pa3HLIM teopet~CCRHM o6o6meHHJIM CtaH.n:apTHOH MO,ZJ;eJIH: 

,,BeJIHROro o6'he.D:HHemrn", TCXHHUBCT, coctaBHLIC RBapRH H JICIITOHLI, cyrrepCHM

MeTpHR, ctpynHLle H cyrrepctpyHHL1e teopHH. O6me:fi qepto:fi 3THX teopH:fi IIB

JIJietcJI BBe.n:eHHe HOBOro RJiacca qJHJHqecRHX ofrI,eRTOB- yHHBepcaJlbHIJX IIOJie:fi, 

BCCbMa CJia6o B3aHMO.UCMCTBYIOmHX C peaJlbHLIMH 3JieMeHtapHLIMH qactmi:aMH H 

06na.n:a10mttx xapaRtepHo:lt 3HeprHe:fi 1015 f3B. 

IlpoBe,UeHHe 3RCIIepHMeHT0B co CTOJlb 60JlbIIIHMH 3HeprHRMH Ha cero

.D:HJIIIIHhlM .n:eu1 ue.n:octyIIHo. O.n:uaRo, B paMRax 3THX teopH:fi cymecTByet pH.n: 

3qJqJCRTOB, o6uapymeHHe ROTOpLIX B03M0JKH0 yme H IIpH HH3RHX 3HeprHJIX, ua

rrpHMep, pacrra.n: rrpotoua, auoMaJlbHaJI pa3HOCTb Mace R - I(, 6eJHe:lttpHHHhl:lt 

.D:BOMHOH 6eta-pacrra.n: HJIH pacrra,Zl;hl qaCTHU c HapyrneHHeM JICIITOHH0ro apoMaTa. 

-HJyqeHHe pe.D:KHX H JarrpemeHHLlx pacrra.n:oB MIO0HOB H IIl10HOB OTHOCHTCJI 

HMCHHO R TaRHM TOHRHM 3qJqJCRTaM. Oco6oe MCCTO cpe.D:H HHX JaHHMaIOT IIOHCRH 

JarrpemeHHLlx B CTau.n:aptHOM M0,Zl;CJIH 3JICRTpOCJia61dx B3aHMo.n:e:ficTBHM JaROHOM 

coxpaueHHJI MIOOHHoro qncna rrpoueccoB, taRHX RaR: µ+ -+e+ e+ e-, µ+ -+e+ 1 , 
µ-e noHBepcHR, µ+e--+ µ-e+ (M-+M), µ+-+e+,,, 1r+-+µ-e+e+vµ, a tamRe 

rronynerrtoHHLle pacrra.D:hl 1r+-+e+vee+e-, 1r+-+e+ve,, 1r+-+µ+e+e-v,... lfay

qeHHe rrepexo.n:oB MCJR.D:Y JICIITOHaMH HJ pa3HLIX IIOROJICHHM IIOJBOJIJICT IIOJIYqflTI, 

CBe.n:emrn, BhlXO.D:JIIUHC Ja paMKH CTaHJJ.aptHOH MO,UeJIH H CBH,ZJ;eteJlbCTBYIOIUHC 0 

HaJIHqlfH ,,HOBOH qJHJHKH", HHJ,JMH CJIOBaMH, ORaJhlBaeTCJI BOJMOJRH1dM yctaHo

BHTb rrpe.n:eJlhl rrpHMeHJICM0CTH Ctau.n:aptHOH MO.D:CJIH B o6JiaCTH HHJRHX 3HeprH:lt . 

Ha6n10.n:at1, OTRJIOHeHHe ot CtaHJJ.aptuoii: Mo.n:eJ1H taRJRe BOJMOJKHO H3Y

qaJI pe.n:KHM rrpouecc 1r+-+1r 0 e+ve (6eta-pacrra.n: rmoua). OtHOCHTeJlbHaJI Be-
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pOHTHOCTI, :noro pacrra.n:a COCTaBJIHeT ~ 10-s H B npe.n;eJiax Tff'IHOCTH H3Me

pemrn: ( ~ 4 % ) HaXO.D:HTCH B corJiaCHH c pacqeTaMH Ha OCHOBe COBpeMeHHOH 

CTaH.n;apTHOti Mo.n;eJIH 3JieRTpocJia6hlx B3aHMo.n;eticTBnti. BeTa-pacna.n: mrnHa 

aHaJiornqeH cBepxpa3perueHHOMY qucToMy <I>epMn-nepexo.n:y B H.n;epHhlX 6eTa

pacrra.n:ax (Q+ - Q+), O.D:HaRO HBJIHeTCH YHHRaJil>HI>IM, IIOTOMY qTQ B HeM yqa

CTBYIOT TOJil>RO JierRHe a.n:poHI>I. IIonoMy TeopeTnqecRaH BepOHTHOCTI, pacna.n:a 

paccquThlBaeTCH C 60Jil>IIIeti ToquocTiiIO, TaR RaR B ueii OTCYTCTBYIOT nonpaBRH 

Ha HYRJIOHHhle B3aHMo.n;eiiCTBHH. B pe3yJil>TaTe, H3MepHB C BhlCOROH TQqHQCTI,10 

BepoHTHOCTI, 6eTa-pacrra.n:a IIHOHa, MOJRHO rrpoBepHTI, TaRHe qiyu.n;aMeHTaJIIiHhle 

IIOJIOJReHHH RaR rHIIOTe3a coxpaneHHH BeRTopuoro TORa H YHHTapHOCTI, MaTpHI.U,I 

cMeIIIHBaHHH RBapROB (Cabbibo-Kobayashi-Maskawa). IlpoBepRa ynnTapHOCTH 

MaTpHI.U,I CMeIIIHBaHHH HBJIHeTCH IIpIDiIOH rrpoBepKoii rrpe.n;eJIOB npHMeHHMOCTH 
CT~H.n:apTHOiiMo.n;eJIH. 

.l];pyroii, He MeHee BaJRHOH Ja.n;aqeti:; HBJIHeTCH HJyqeHHe a.n:pmrnoii CTpyR

TYPhl Me30HOB, rrapaMeTpOB, ROTOphle ee orrpe.n;eJIBIOT, Tex npoueccoB B IWTOphlX 

HIIq>OpMa[(HH 06 3THX rrapaMeTpax co.n:epJRHTCH B Han6oJiee qncToM BH.n;e. lfay

qeHHe pacrra.n:a 1r+-+e+ Vee+ e- .n:aeT B03MOJRHOCTI> onpe.n;eJIHTI> q>opM-q>aRTOphl 

IIHOHa, H3MepHTI, rrap[(HaJil>HI>Ie. BepOHTHOCTH pacrra.n:a, IIpOBepHTI, q>yH.n;aMeH
TaJil>HI>Ie ROHCTaHThl H T • .n; •• 

Pa3BHTHe q>H3HRH 3JieMeHTapHI>Ix qaCTH[( BO MHOrOM onpe.n;eJIHeTCH cy

mecTBYIOl!UiMH 3RCIIepHMeHTaJil>HI>IMH B03MOJRHOCTHMH. .l];JIH rrpoBe.n;eHHH IIIH

poROH rrporpaMMI>I HCCJie.n;oBamrn: B o6JiaCTH q>H3HRH 3JieMeHTapHhlX qacTH[( n 

H.n;epHoii q>H3HRH Ha HHTeHCHBHhlX MIOOHHl>IX H 7[-Me30HHl>IX rryqRax 6hlJIH rrpe.n:

JIOJReHI>I, crrpoeRTnpoBaHI>I n coJ.n;aHI>I ycTaHOBRH APEC (AHaJIH3aTOp PE.n;Rnx 

Co6hlTnti), MM, SINDRUM II, PIBETA. 9TH .n:eTeRTOphl II03BOJIHJOT 3q>q>eR

THBHo perncTpnpoBaTI, pe.D:RHe rrpouecchl Ha ypoBHe OTHOCHTeJil>HOH BepOHTHO

CTH 10-12 
- 10-13 

n me. YcTaHOBRH TaRoro po.n:a II03BOJIHJOT n3yqaTI> RH

HeMaTHRY rrpoueccoB B 60Jil>IIIOM TeJieCHOM yrJie B YCJIOBHHX BhlCORHX 3arpy30R 

(.n:o 107
ceR-l OCTaHOBOR qacTH[( B MHIIIeHH). 9TH B03MplRHOCTH IIOHBHJIHCI, B 

pe3yJil>TaTe HCIIOJil>30BaHHH B .n;eTeRTHpyroI[(HX CHCTeMax TaRHX HOBhlX 3q>q>eR

THBHhlX MeTO.D:HR, RaR [(HJIHH.n;pnqecRHe MHoronpoBOJIOqHI,Ie rrporrop[(HOHaJil>Hhle 

RaMephl (UMIIR), C[(HHTHJIJIH[(HOHHOhle ro.n:ornollhl, 6hlcTpaH RaJiopHMeTpHH Ha 
OCHOBe RpHCTaJIJIOB qucThlX Csl. 

lI;eJil> pa6oThl. 

• CoJ.n;aHHe yHHBepcaJil>HI>IX ycTaHOBOR (APEC, MM, SINDRUM II, PI

BETA), rrpe.D:Ha3HaqeHHhlx .n;JIB rroncRa n n3yqeHHH pe.D:Rnx rrpoueccoB 

pacrra.n:a MIOOHOB H IIHOHOB, a TaRJRe B3aHMo.n;eiiCTBHH MIOOHOB H IIHOHOB C 
BeI[(eCTBOM. 

• Pa3pa60TRa MeTO.D:HRH H3rOTOBJieHHH C[(HHTHJIJIH[(HOHHhlX cqeTqHROB [(H

JIHH.n;pnqecRoro ro.n:ornona crreRTpoMeTpa APEC n nccJie.n;oBaHne nx xa-
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paRTepHCTHR. CoJ.n;aHHe yHHBepcaJil>HI>IX aJiropHTMOB H rrporpaMM .D:JIH MO

.n;eJIHpOBaHHH H o6pa60TRH 3RCIIepHMeHTaJil>HhlX .n;aHHhlX Ha ycTaHOBRax, 

HMeJOI[(HX [(HJIHH.n;pnqecRym reoMeTpnm. IIpoBe.n;eHHe Ha crreRTpoMeTpe 

APEC 3RcrrepnMeHTOB no rroncRy JanpemeHHI>IX pacrra.n;oB µ+ ~e+ e+ e-, 
7r+-+µ- e+ e+ vµ H n3yqeHH10 pe.n;Roro npouecca 7r+ -+e+ Vee+ e-, Mo.n:emI

poBaHHe H o6pa60TRa 3RCIIepHMeHTaJil>HhlX .n;aHHhlx. 

• CoJ.n:aune H3 RpHCTaJIJIOB qucTOro CsI 3JieRTpOMarHHTHOro RaJiopHMe

Tpa .D:JIH ycTaHOBRH MM H .n:eTaJil>HOe HCCJie.n;oBaHHe C[(HHTHJIJIH[(HOHHl>IX 

cBoHCTB H pa6oqnx xapaRTepncTHR RpHCTaJIJIOB qucToro Csl 6oJil>IIIHX pa3-

MepoB. IIpoBe.n;eHHe 3RCIIepHMeHTaJII,Horo H3MepeHHH BepOHTHOCTH rrepe

xo.n:a MIOOHHH B aHTHMJOOHHii (M-+M). 

• CoJ.n;aHHe ro.n:ocROmfqeCROH CHCTeMI>I C[(HHTHJIJIH[(HOHHhlX cqeT~OB .D:JIH 

ycTaHOBRH SINDRUM IL IIpone.n:eHne 3RCIIepHMeHTa rro rroncRy 6e3ueti:

TpHHHOH µ - e ROHBepcHH H noJiyqeHHe nepxneti: rpaHHI.U,I BepOHTHOCTH. 

• CoJ.n;aHHe 3JieRTpoMarHHTHoro cqiepnqernoro RaJiopHMeTpa (240 Mo.n;yJieii) 

H3 qncTOro Csl, ROTOphlti: HBJIHeTcH ocHOBHOH qacTI>JO ycTaHOBRH PIBETA, 

II03BOJIHIOI[(ero rrpoBeCTH Toquoe (0.5%) H3MepeHHe nepOHTHOCTH 6eTa

pacna.n:a nnoHa, nponepnTii CRM yHHTapHOCTI>. 

HayquaH HOBH3Ha H rrpaRTHqecRaH [(eHHOCTL 3aRJIJOqaJOTCH B rrpe.n;JioJRe

HHH H peaJIH3a[(HH pH.n;a MeTo.n;nqecRHX peruemrn:, II03BOIDIBIIIHX C03,D;aTI> YHH

RaJII,HHe .n;eTeRTOphl H rroJiyquTI, Ha HHX HOBhle CBe.n;eHHH O pe.n;RHX H 3arrpemeH

HhlX pacna.n:ax Ha HOBOM MHpOBOM ypoBHe. 

Ilpe.n;JioJReHa opnrHHaJil>HaH MeTO.D:HRa H3rOTOBJieHHH C[(HHTHJIJIH[(HOHHhlX 

cqeTqHRoB, HMeJOIIIHX qiopMy qacTn [(HJIHH.D:Pa .D:JIH ro.n:ocRorra crreRTpoMeTpa 

APEC, nJyqeHhl HX xapaRTepncTHRH. MeTo.D:HRa H3roTOBJieHHH C[(HHTHJIJIH[(H

oHHhlx cqeT~on, HMeJOIIIHX qiopMy qacTn [(HJIHH.n;pa .D:JIH ro.n:ocRorra crreRTpo

MeTpa APEC, MmReT HCIIOJil>30BaTiiCH Ha .n:pyrnx ycTaHOBRax c [(HJIHH.n;pnqecRoti: 

reoMeTpHeH .n:eTeRTOpa. 

Pa3pa6oTaHa H C03,D;aHa ro.n:ocRoIIHqernaH CHCTeMa C[(HHTHJIJIH[(HOHHhlX 

cqeT~on .D:JIH ycTaHOBRH SINDRUM-II. 

lfa RpHcTaJIJIOB qucTOro Csl nrrepnhle co3.n;aH 3JICRTpoMarHHTHhlH RaJio

pHMeTp C 60Jil>IIIHM aRcenTaHCOM, C IIOMOI[(I,IO ROTOporo n.n;eHTHq>H[(HpyeTCH aH

HHrHJIH[(HH aTOMHhlX II03HTpOHOB OT pacna.n;oB aHTHMIOOHHH. lfayqellhl ero pa-

6oque xapaRTepHCTHRH. .l];eTaJII,HO HCCJie,D;OBaHhl C[(HHTHJIJIH[(HOHHhle CBOHCTBa 

n pa6oque xapaRTepncTHRH RpncTaJIJioB qucToro CsI 6oJil>IIIHX pa3MepoB. Co-

3.D:allhl MO.D:YJIH 3JieRTpoMarHHTHoro RaJiopHMeTpa ycTaHOBRH PIBETA, ROTophle 

HMeIOT peROp.D:Hhle pa6oque xapaRTepHCTHRH, II03BOJIHIOI[(He C03,D;aTI> yHHRaJII,

HI>Ie .n:eTeRTOphl Ha OCHOBe RpHCTaJIJIOB qucThlX CsI, CTaBIIIHX OCHOBOH HOBoro 
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HanpaBJiemrn-6hlCTpOH RaJiopHMeTpHH. Pe3yJII,TaThl, IT0JIY'IeHHhle MeTo.lU:lqecRHMH 

HCCJiell0BaillffiMH no H3yqeHHIO RpHcTaJIJI0B qncToro Csl, o6ycJIOBHJIH HX nrnpo

R0e npHMeHeHHe B H0BhlX 3RCnepHMeHTax: MM, PIBETA, KT3B, ETA. 

Ha co3.11:aHHoM cneRTpoMeTpe APEC npn o6pa6oTRe HH<popMau11n 06 

0CTaH0BHBIIIHXCH B MHllleHH 1, 1 . 1012 1r+ -Me30H0B c.11:eJiaHa oueHRa BepxHefi 

rpaHHllhl OTHOCHTefilHOH Bep0HTH0CTH pacna.11:a µ+ -.e+ e+ e-, o6HapyHleHO 44 

pacna.11:a µ+-.e+vevµe+ e-, 8 pacna.11:oB 1r+ -.e+ Vee+ e-H BhlqncJieHa naprmaJI1,

HaH Bep0HTH0CTl, 3TOro pacna.11:a 3a cqeT HaJmqHH CTPYRTyphl IlH0Ha Rsv = 
(4.6 ± 1.6 ± 0.7) · 10-10. 

Ha 0CH0BaHHH Ha6paHHOH CTaTHCTHRH noJiyqeHa BepXHHH rpaHttUa 0TH0-

CHTefilHOH BepciHTHOCTH pacna.11:a 7r+ _,· µ-+2e+ +vµ Ha ypoBHe ll0CTOBepH0CTH 

90% 
Br= f(1r+-> µ- + 2e+ + 11µ) < 1.6 . 10_6 _ 

r( 1r+ -> µ+ + vµ) 

IloJiyqeHHoe 3HaqeHHe Br B 5 pa3 yJiyqruaeT e.1U:1HCTBeHHyIO B MHpe oueHRY, 

c.11:eJiaHHyIO paHee B .l(y6He. 

IIpoMOlleJIHpoBaH BapnaHT nocTaH0BRH 3RCilepHMeHTa no n3yqeHHIO pac

na.11:a 1r+-> µ+e+e-vµ Ha JieTy Ha cneRTpoMeTpe APEC. 

IlpoBelleHhl H3MepeHHH Bep0HTH0CTH rrepexo.11:a MIO0HHH B aHTHMIOOHHH 

( M-> M). Ilorne o6pa6oTRH noJiyqeHHhlx .11:aHHhlX BI,JqHcJieHhl BepxHtte rpaHHllhl 

llJIH Bep0HTH0CTH R0HBepcHH H R0HCTaHThl CBH3H: 

PMM < 7.9 · 10-9 (90% C.L.) 

cMM < 1.8 • 10-2
cF (90% C.L.) 

cho Jiyqruee B ·MHpe orpam:IqeHne llJlH Bep0HTH0CTH nepexo.11:a MIO0HHH B aH

THMIOOHIIB ( M-> M) B ~ 50 pa3 npeB0CX0.IU:IT npe.11:hl.lJ:YlllHH pe3yJI1,TaT. 

Pa3pa6oTaHHhle aJir0pHTMhl H nporpaMMhl llJIH M0lleJittpoBaHHH H o6pa-

60TRH 3RCnepHMeHTaJII,HhlX .11:aHHhlX MoryT HCII0JII,30BaTCH Ha .11:pyrHX ycTaH0BRax 

C l{HJIHHllpnqecROH reoMeTpHeH .11:eTeRT0pa. '. 

~BTop _3all1Hllia_eT: 

1. Pa3pa60TRY H C03.IJ:aHHe MeT0.IU:IRH H3I'0T0BJieHHH Cl{HHTHJIJIHl{H0HHhlX cqeT

~0B, HMeIOlllHX qiopMy qacTH l{HJIHHJJ:pa. 

2. Pa3pa60TRY H C03llaHHe ymrnepcafilHhlX aJiropHTM0B H nporpaMM llJIH M0-

.11:eJIHpOBamrn H o6pa6oTRH 3RcrrepHMeHTaJII,HhlX .11:aHHhlX, HMeIOlllHX rm

JIHHllpHqecRyIO reoMeTpHIO. 

3. Pe3yfilTaT 3RcnepHMeHTaJII,Horo n3yqemra pacna.11:oB µ+ -.e+ e+ e- 11 

1r+-.e+vee+e-. 
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4. Pe3yJII,TaT 3l{CllepHMeHTaJII,H0r0 II0HCKa pacnal{a 7r+ ___, µ- e+ e+ IIµ-

5. Pa3pa60TRY H C03lla1rne 6hlCTporo 3JieKTpo11iarHHTJ10ro IrnJiopm.teTpa llJIJI 

ycTaIJ0BKH MM. 

6. Pe3yJII,TaT 3KCIIepHMeI!TaJihH0ro H3Mepemrn BepxHeH rpaHHUhl llJIH Bepo

HTH0CTH M-> M -IWHBepCHH H K0IICTaHThl CBH3H. 

7. Pa3pa6oTKY H C031Ia1me ronocKOIIH'IeCKOH CHCTe~rn CUHIITHJIJIHUHOHHOrO 

rol{oCHona llJIH ycTanomm SINDRUM II. 

8. Pa3pa6oTI{Y H co311a1rne 3JieKTpoMarimnrnro cqieptttieCKoro KaJmpm.teTpa 

H3 qttcToro CsI 11m1 ycTaH0BKH PIBETA. 

Arrpo6auttH pa6oThl 11 ny6nttHautt11. ]lttccepTaUHH uanttcaHa na ocuone ua

yqHhlX pa6oT, BhlII0JIHeHHhlX .C y•rncTHeM anTOpa » Jly6He. PSI tt l1<1>B3 TrY 
n neptt0ll 1976-1996 r., Ha ynanoBHax APEC. M .\1. SINDRU~I IL PIBETA. 

Ocuonuhle peayJihTaThl, B0JUel{llIHe B nm:cepTaumo, ony6JIHHODaHhl n pa6o

TaX (1-22] 11 Jl0JIO}HeHhl Ha MeHlllyHapomlhlX C0Bel!laHHHX tt IWH<pepeHUHHX: ua 

XII MeHll{yHap0llH0M CHMil03HyMe no HllepH0H 3JieKTp0IIHl\e (Jly611a, 1985r.). 

coBemaHHHX no nporpaMMe ttcCJiel{ona,mil Ha MM <1> ( 3neuttropOJl, l 985r. H 

MoCKBa, 1989r.), III MeJK11yuapo11uo:ii 1mHcpepeHUHH no Hl13KHM aKTHBHOCTJIM 

(BpaTttcnana, 1985r.), Low Energy Muon Science in 90's (LEMS-90](Villigen, 

1990, llIBe:iiuapnH), (MopnoH-91, <l>pauuttH), "Low Energy Muon Science", 

CaHTa <l>e (CIIIA, 1993), "Large Experiments at Low Energy Hadron Ma

chines", PSI (IIInefiuapHH, 1994); "51h Conference on the Intersections of Par

ticle and Nuclear Physics", C. fleTep6ypr (<l>;mpttna. CllIA, 199-1). "'Euro

pean Conference on Atomic and Molecular Physics", 3llmI6ypr (11Iorna11JlHJ1. 

1995), "Nuclear and Partide Physics with Meson Beams the 1 GC'v H<'gion''. 

(RnoHHH, 1995), a TamKe ua Hay,rn1,1x ceMttHapax Ol1.Hl1, l1<1>W~ 'ITY. PSI, 

ymmepc1:ITeToB- few11en1,6epra, IJ:1opttxa 11 BttpJI}KHHHH. 
CTpyKTypa l1 061,eM JlHCCepTallHH. ]l11ccepTaUHJI COCT0HT tt:1 llll('JleJIHJI, 1111-

TH rnan, 3al{JIJ()lJeHHH, npHJJOJKellHH 11 C0Jlep>1rnT 207 CTpa11111l Te!{CTa. IIHJJIO'Ian 

37 Ta6JIHU, 73 pttcyHKa H CITHC0K UHTHpyeMOH Jll1TepaTyphl l13 282 11a11Mel10lla-

HHH. 

2 Co~ep.maHHe pa6oThl 

Bo BBeneHHH o6oCHOBaHa aKTyaJihH0CTh TeMhl HCCJienonaHHJI, ccpopMyJIH

pOBaHhl ueJIH pa6oThl n 0IIHChlBaeTCJI CTPYKTypa lll1CCepTau1-m. 
B nepBOH rJiaBe 11e11aeTCJI o63op TeopeTH'JeCimX MOJleJJCH, nonycKa

!OlllHX pacnallhl MIO0HOB H IlH0II0II C uapymeHl1eM :iauoua coxpa11e1111JI MIOOIIIIOl'O 
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tIBCJia. TipHBOJUITCH ,LU1arpaMMhl <l>efiHMana JlJIH pa3JIHqHhJX MeXaHH3M0B pac

naaa: µ+ ->e+ e+ e-' MM H µ-e K0HBepCHH, C00TBeTCTBYIOlllHX qeTh!peM THilaM 

TeopeTttqeCKHX MOJleJiefi, BKJIJOqaJOll.{HX H0Bhle BHJlhl B3aHMOJlettCTBHfi. ~-

TaKJKe paccMoTpeHhl: pacnaa 1r+-+e+ Vee+e- H 6eTa-pacnaa nHoHa 

( 7r+ ->7r0 e+ Ve), aeTaJihH0e HCCJieJl0Bam;1e K0T0phIX aaeT CBeJleHHH 0 CJia603JieK

TpOMarHHTHOfi CTpJKType IlH0Ha, n03B0JIHIOT npOBepHTh rHnoTe3hJ: 0 qacTHqH0M 

coxpaHeHHH aKcHaJihH0ro T0Ka, coxpaHeHHH BeKTopuoro TOKa H YHHTapHOCTh 

MaTpmw CMeIIIHBaHHH KBapK0B. 

Bo BTopofi mane npHBeJleHo o6ruee onttcaHHe cneKTpoMeTpa APEC, 

npeacTaBJieHa nporpaMMa Il0HCKa H HCCJICJlOBaHHH pe/lKHX H JanperueHHhIX 

pacnaJl0B MIO0HOB H 7r-Me30HOB. Onttcauhl OCHOBHhle J3Jlhl cneKTP0MeTpa H 

HX B03MOJKHOCTH, npttoeaeHhl pe3JJihTaThl 3KcnepHMeHTOB no Il0HCKy pacnaaon 

µ+->e+e+e-, 1r+->µ-e+e+vµ H 1r+->e+vee+e-. flhlqHcJieua noJIHaH BepoHT

HOCTh pacnaaa 1r+ -+µ+ e+ e-vµ H noKaJaua BOJMOJKHOCTh HJyqenHH 3Toro npo

uecca Ha JICTY Ha cneKrpoMeTpe APEC. 

R ycTaHOBKaM, npeJlllaJnaqeHIIhIM JlJIH IlOHCKa H HJyqeHHH peJlKHX H 3a

nperueHHhJX pacnaJlOB MIO0HOB H IlH0H0il, npeJl'hHBJIHeTCH PHJl cephe3Hh!X Tpe-

6oBaHHH. yqHTh!BaH Kpafine MaJiyJO nepOHTHOCTh npoueccon, IlOJlOfiHhle 3Kcne

pHMCHThl Bh!Il0JIHHIOTCH ua IlhICOK0HHTeHCHBHhIX nyqKax qacTHU (ao 107 ce1c 1 ), 

CJICJl0BaTeJihHO, 3KcnepHMeHTaJihHaH annapaTypa JlOJIJKHa: o6ecneqHBaTh nepe

pafiOTKY 60JihIIIHX nOTOKOB HH<pOpMaUHH, HMeTh Bh!COKJIO 3<p<peKTHBHOCTh pe

rHCTpaUHH, perHCTpHpOBaTh 0/lHOBpeMeHHO HeCKOJihKO qacTHU B TOM qHCJie H 

raMMa-KBaHTOB, onpeaeJIHTh 3HeprHIO (10 7 100 M3B) H 3HaK 3apHJKeHHhIX qa

CTHU. 

J1,JIH YllOBJieTBopeHHH nepeqHcJieHHhIM IlhJIIIe Tpe6oBaHHHM fihIJI npeJlJIO

JKeH cneKTpoMeTp c UHJIHH/lpHqernofi reoMeTptteft APEC (AHaJIH3aTop PEJlKHX 

Cofih!THtt). CoJaauHaH ycranooKa APEC ofiJiaaaeT napaMeTpaMH H xapaKTe

pHCTHKaMH, no3BOJIH!Olll,HMH peIIIaTh 3TH JaaaqH. O6ll.{HH BHJl cneKTpoMeTpa 

npeacTaBJieH ua PHc. 1. CneKTpoMeTp APEC MoJKeT pafioTaTh Ha BhIC0Ko

HHTeucHBHhIX nyqKax 7r - Me30H0B H MIO0HOB, o6ecneqHBa!Oll.{HX Jl0 107 ceK-l 

OCTaHOBOK qacTHU B MHIIICHH. 3To ,ll;0CTHruyTo nyTeM HCn0Jih30BaHHH .n;eTeKTO

poB C xopOIIIHMH BpeMeHHhJMH xapaKTepHCTHKaMH, pafioTa!Olll,HMH Ha JIH1IlIB C 

3BM, H npHMeHeHHCM cneUHaJIH3HpOBaHHOH fihJCTpofi 3JieKTpOHHKH, BhlnOJIHH

IOlll,efi npeaBapttTeJihHhlfi aHaJIH3 H oT6op HccJieayeMh!X npoueccon. 

CneKTpoMeTp APEC c BhICOKofi HHTeHCHBH0CThJO H ToqHocThJO .n;eTeKTH

pyeT H Il03IlOJIHeT H3MepHTh 3HeprHIO 0/lHOBpeMeHHO HeCKOJihKHX qacTHU (n TOM 

qficJie H ,-KllaHTOB), onpeaeJIHTh 3HaK 3JieKTpHqecKoro 3apH.n;a qacTHU. 3TO 

ocyruecTBJIHeTCH C noMOlll,hlO nponopUHOHaJihHhJX KaMep H CUHHTHJIJIHUHOHHoro 

roaocKona, noMelll,eHHhIX B MarHHTHOe noJie. TiponopUHOHaJihHhle KaMephl H 

cqeTqHKH roaocKona HMe!OT MaJioe KOJIHqeCTB0 Belll,eCTBa JlJIH yMeHhIIICHHH MH0-
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PHc. 1: O6nurn BH,11; cneK

TpoMeTpa APEC. 

1 - MHIIIeHh; 2 - ,n;eTeKTH

py10ruaH qacTh (IJ;MTIR); 3 

- CUHHTHJIJIHUHOHHhle cqeT

IIBKH; 4 - CBeTOBO,ll;hl; 5 

- <l>3Y; 6 - 3JieKTpoHHKa 

IJ;MTIR; 7 - o6MOTKH Ma

rHHTa; 8 - HpMo Marmna; 9 
- noJI10ca MarHHTa. 

roKpaTuoro pacceHBaHHH <i:acTHU, TaK KaK HJMepeHHe HMIIymca 3apHJKeHHoii: 

qaCTHUhl npoH3B0,LU1TCH no HCKpHBJieHHIO ee TpaeKTOpHH MarHHTHhIM noJieM. 

raMMa-KBaHThl pern:cTp11py10TCH no KoHBepcttoHHoii: e+ e- - nape, 06pa3y10meii:cH 

B cneUHaJihHOM UHJIHHJlpffqeCK0M Pb-KOHBepTOpe. 

,lXeTeKTHpy101ll,Hfi 6JIOK 113 UHJIHHJlplf9:eCKHX MHoronpOBOJIO'IHhIX nponop

UHOHaJibHhIX KaMep (IJ;MIIR) H CUHHTHJIJIHUHOHHOH ro.n;ornollfiqecKoii: cHcTeMhl 

paCIIOJIOJKeH MelKJlY noJIJOCaMH MarHHTa CTI-173. ro.n;ocKOn (pHc. 2) COCTOHT 

H3 Tpex UHJIHHJlpfiqeCKHX pH,11;0B COCTOHlll,HX H3 4, 8 H 24 cqeT'IHKOB, HMeJOmmc 

,LU1aMeTphl 110, 245 tt 670 MM, ,IJ;JIHHOH 350, 500 H 600 MM. 
OmeJihHhltt cqeT'IHK COCTOHT H3 nJiaCTfiqeCKOro CUHHTHJIJIHTopa, nepexo

JlH0ro H ocHOBHoro cBeTono,n;oB, <l>3Y XP2020 (3-;-6 Ha pHc. 2). ,Il;JIH yJiy'lllieHHH 

ycJIOBHH CBCTOC6opa H CBCTOHJOJIHUHH CUHHTHJIJIHTOp H nepeXOJlHhIH CBCTOB0,11; 

o6epHyThl 6eJioil: 6yMaroil: H noTOM qepHoil: KOIIHpOBaJihHOil: 6yMaroil:. CUHHTHJI

JIHTOphl B ro.n;ocKone o6pa3yJOT JaMKHYTYIO UHJIHHJJ:pfiqeCKYIO noBepXHOCTh. B 
CBH3H C 3THM, KalK,ll;OMY CUHHTHJIJIHTOPY npH.n;aBaJiaCh qiopMa qaCTH UHJIHHJlpa. 

lfa nJiaCTfiqCCKoro CUHHTHJIJIHT0pa H3rOTaBJIHBaJiaCh noJIHpOBaHHaH JaroTOBKa B 

q,opMe npHMoyromHoro napaJIJieJieIIHIIeaa cooTBeTcTByromero paJMepa. 3aro

TOBKa ycTaHaBJIHBaJiaCb MClKJJ:Y MaTpHUeH H nyaHCOHOM H 3Ta c6opKa noMema

JiaCb B TepMOCTaT, HanoJIHeHHh!il: noJIH3THJICHJIOKCaHOBOil: .lKH,ll;ROCTbIO II3C-,1X. 

Oco6oe BHHMaHHe o6paruaJioch Ha tIBCToTy .JKH,ll;ROCTH. B Te'leHHe 5-;- 6 qacoB 

TeMIIepaTypa B TepMOCTaTe JIHHeil:Ho no.n;HHMaJiacb .n;o 87 -;- 90° C. Ilo .n;ocTH

JKeHHH 3TOil: TeMIIepaTyphl MaTpHUa C noMOlll,hIO BHHTOB0ro ,ll;0MKpaTa Me.n;JieHHO 

onycKaJiaCb Ha nyaHCOH, npHJ(aBaH c6opKe <popMy UHJIHHJlpa HY}l{IfOtt KpHBH3Hhl. 

B TaK0M COCTOHHHH c6opKa BhIJlepJKHBaJiaCb rrpH IIOCTOHHHOH TeMIIepaType He

CKOJihK0 qacoB, noTOM rro.n;orpeB TepM0CTaTa OTKJIIO'laJICH H TeMIIepaTypa B HeM 

3a 14-;- 15 q cHHJKaJiaCb .n;o 20° C. 
AMIIJIHTYJlHhle H BpeMeHHh!e xapaKTepHCTHKH cqeT'!HKOB HJyqaJIHCb Ha 
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Pnc. 2: RoHCTPYKIUIB CUHHTHJIJIJIIUIOHHoro ro.n.oCKorra: 1 - MHIIIeHI,, 2 - c1.urn

THJIJIBTOphl BTOporo pH.n.a, 3 - CUHHTHJIJIBTOphl TpeT1ero pH.n.a, 4 - rrepexo.n;HhlH 

CBeTOBO.ll., 5 - OCHOBHOH CBeTOBo.n., 6 - <l>8Y. 

crre:u;HafilHOM CTeH.n.e c rroMoru;r,10 f3 - HCTO'IHHKa 90 Sr. AMIIJIHTYJJ:HhlH cn

rHaJI cHHMaJicH c rrorne,ll.Hero ,ll.HHo.n.a <l>8Y, a BpeMeHHOH - c aHo.n.a <l>8Y. 

B pe3JfilTaTe HCCJie,noBaHHH IIOJiyqeHa HeO,ll.HOpO,ll.HOCTI, aMIIJIHTY.ll.hl cqeTqnKa 

~A = ±1max+1wio = ±33%, r.n.e Amax H Amin - MaKCHMafilHaH H MHHH

MafilHaH a~~TY~ cnrHaJioB rrpn pa3HhlX rronoJReHHHX /3-HCTO'IHHKa . .ll:JIHH,a 

rrornomeHHH cBeTa B CUHHTHJIJIBTope ( 66 ± 7) cM. II pn ycTaHOBKe /3-ncToqnnKa B 

:u;eHTpe CUHHTHJIJIBTopa, aMIIJIHTJ,ll.Hoe pa3perneHne cqeTqnKa (rroJIHaH rnnpnHa 

Ha IIOJIJBhlCOTe) COCTaBJIHJIO 80% a BpeMeHHOe ~ 1 HCeK. IIonyqeHHOMY aMIIJIH

TJ,ll.HOMY pacrrpe.n.eJieHHIO C yqeTOM CTaTHCTnqecKHX q>JIYK!Ja:u;HH Ha rrepBOM ,ll.H

Ho.n.e q>OTOJMHOJRHTeJIH COOTBeTcTByeT ~ 12 q>OT03JleKTpOHOB H 3q>q>eKTHBHOCTI, 

cBeTOc6opa ~ 1 %. 

OcHOBHhlMH KOOp,ll.HHaTHhlMH .n.eTeKTopaMH crreKTpoMeTpa APEC HBJIH

JOTCH 18 KoaKcHafilHO pacrroJioJReHHhlx :U:MIIR • .ll:JIB orrpe.n.eneHHH rrapaMeTpoB 

TpeKOB rrpHMeHHJIHCI, KaMephl .ll.BYX THIIOB: O,ll.HOKOOp,ll.HHaTHhle, perncTpnpy10-

II(He TOJII,KO a3HMJTafilHYIO KOOp,ll.HHaTy cp, H .ll.BYXKOOp,ll.HHaTHhle, perHCTpnpy

JOII(He a3HMJTafilHYJO n oceBy10 Z-Koop,ll.HHaTy. B 3KcrrepHMeHTax no rroncKy 

pacrra.n.a µ+ - e+ + e+ + e- H nccne.n.0Bann10 pacrra.n.a 1r+ - e+ + e+ + e- + Ve 

B c6opKe rrpHMeHHJioci, TOfilKO 12 :U:MIIR c o61I(HM qnrnoM cnrHaJibHhlX rrpoBo

noqeK -7628 n CTpHIIOB -384. 

Ilpn n3yqeHHH pe,ll.KHX pacrra)J.OB crreKTpOMeTp B OCHOBHOM perHCTpnpyeT 
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co6hlTHH, npe.n.cTaBJIHIOlllHe co6oil: <poll, .n.ocntraJOIJUfH oqeHI, 60JII,lllHX BeJIH'IHH. 

3a.n.aqa rrpe,ll.BapttTeJI111oil: q>HJI1Tpa:u;ntt co6hlTHH nepe.n. .uani,tteil:rneil: 3annc1JO nx 

Ha MarHHTHYIO JieHTY perneHa nyTeM OT6opa HCKOMhlX co6hlTHH Ha HeCKOJlhKHX 

ypoBHHX. O6maH cxeMa npoxoJR.n.eHttH HH<popMa:u;tttt npe.n.CTaBJieHa 11a pttc. 3. B 

~ .. 
~,::: 
~ ' 
:,~ 

~" ~l 
~~ 

l'UW:TP-

6A2 

VII 
1(014TPO~I> 

OAPAMHPO& 

rPllrEP 

1 K0IITP. 

c<1e1<1 

CM4 

EC 10~0 

CM3 

Pnc. 3: O6IIlaH 6noK-cxeMa rrpoxolli.UellttH ttH<popMarum II cneuTpoMeTpe APEC. 

CHCTeMy Bhlpa60TKH 6hlCTporo Tpnrrepa BKJII0tJeIII,J: CU111ITl1JIJIHUl10Hl!hle CtJeT

qnKH ro.n.ocimna, MOHHToptthle cunHTHJIJIHU11ou11we ctJeTtm1m 11 c11ruaJihl Bbl
CTPOE 11J111 co cTp11rroBhlX uaMep I, IV, IX. 

Pacna.n.hl µ+ -->e+ e-1' e- n 7r+ -->e+ Vee+ e- 11Me10T no o.u110My :~JieHTpo11y 

H no .n.aa II03HTpotta. 8To .uacT B03MO}KllOCTh opraHH30BaTb 061uyw .UJIJI 3Tl1X 

pacna.n.oB nornuy 3anyrna ycTatto11un. 

Bcero 6wrn rrpoBe.uetto 9 cea11con o6me.i1: JlJIHTemttoCT1JO 800 qacon, 113 

HHX ~ 500 qacon Ha6opa CTaTHCTHHH. Cpe.n.HHH HHTeHCHBHOCTh OCTallOBOK 7r+
Me30HOB C. IIOCJie.UyJOlllllM pacna.uoM 7r+ --,µ+ V1, H OCTaHOBKOH MIO Olla II Ml1lllClll1 

cocTaBHJIH ~ 5, 8-105c-1. TaunM o6pa3oM, n Mnrneun pacnanoc1, N1, = 1, 1-1012 

MIOOHOB. 11ncJio 3arrycROB ycTaHOBHH BO npeMH 3HCIICpHMeHTa co C'll1ThlBa1meM 

11 8BM CM-4 Kone6anoci, 11 npe.n.enax 15-30 c-1• 

B1111e.ueHHhlH H paCTHHYThlH no BpeMelm IIJtJOR npoTOHOB C 3Hcprneil: fi59=t= 
6 M3B H 11HTeHCl1BHOCTI,J0 0, 7-;- 1, 5 MHA uanpaBJIJlJICJl Ha Mc:1011006pa3ywu1y10 

MttllleHI,. IlHO!Ihl, pOlRJleHHhle B Ml1llIClll1 11 HhIJieTaJ0llll1C IlOJl yrJIOM ·17° I{ OCH 

rrytJKa n'poTOHOB, 3aXBaThlBaJIHCI, B Me30l!HhlH HaHaJI Ill. 
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Ha ypoBHe OT6opa B pelliHMe on-line B 3BM CM-4 pa6oTaJia nporpaMMa 

6blcTp_oii cpttm,Tparurn, onpe,nenmoruan HamPrne B co6b!THH 3JieKTpoHoB ( ~ 1 ) 

H noJHTpOHOB ( ~ 2 ) 3a BpeMJI ~ 30 MC. Ilptt BblnOJIHeHHH 3THX •YCJIOBHH 

HH<popMaUHH HJ naMJITtt 3B M CM-4 nepe,naBaJiach no KaHany npnMoro ,nocTyna 

B 3 BM EC-1040 H Janttcb!BaJiaCh TaM Ha MarHHTYJO JieHTY .nnn norne,nyJOruero 

off-line aHaJIHJa. CKopocTh nocTynne1rnn ,naHHhIX B EC-1040 cocTaBHJia 1-2 

co6b!Tll.fl B ceKyn,ny. Bcero na 184 MarHHTHb!X JieHTax 6b!JIO JanttcaHo 2,5 MJIH. 

co6b!THH. O6pa60TKa 3THX ,naHHb!X 6b!Jia npoBe,nena B HeCKOJihKO 3TanoB Ha 

3BM EC-1040, EC-1060, EC-1061, VAX-8350 H nepcoHaJihHb!X 3BM. 

Pacnpe,neJieHtte no 3HeprHH H HMnyJihCY 65 co6b!THH, OCTamrmxcn nocne 

OT6opa -Ha COOTBeTCTBHe rttnoTeJe O TOM, 'ITO npoHJOIIIeJI pacna,n µ+ -+e+ e+ e-' 
noKaJaHo Ha pttc. 4. AHaJiortttJHoe pacnpe,neJieHtte ,nnn Mo,nemi:poBamrnx co6bl

THH µ+ -+e+ e+ e- noKaJaHO Ha pttc. 5. 

40,--------------, 

-.::. 
Cil 

" ::,; 30 
, .• 

j 
e: 20 
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Pttc. 4: Pacnpe,nenentte co-

6b!THH, y,no

BJieTBopJIIOIIUiX KHHeMaTHKe 

pacna,na µ+ -+e+ VeVµ e+ e--: 
no cyMMapHo:lt 3Heprmr Etot 

H cyMMapnoMy HMnynhcy 

IPtotl• 

-.::. 
40r-----~ I 
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j20 
0. 

10 

o~~~~-~ 

60 80 100 120 

E l..t, M:,B 

Pttc. 5: Pacnpe,neJieHHe MO- ; 

,neJIHpoBaHH~X Me- -

To,noM MoHTe-Rapno co6bl

Tlrn: µ+ -+e+ e+ e- no cyM

MapHOH 3Heprtttt Etot H HM

nynhcy IPtotl• '· RoHTypoM 
o6o3HatJeHa o6JiaCTh, B KO

TOpyIO nona,naJOT 90% MO

.nemrpoBaHHb!X co6b!THH. 

RoHTypoM o6oJHatJeHa o6nacTh, B KOTopyIO nona,naeT 90% co6b!Tll:lt 

µ+ -+e+ e+ e- H KOTopan npHHRTa KaK o6JiaCTh ,n;eTeKTHpOBaHll.fl 3TOro pac

na,n;a. lfa pttc. 4 cne,n;yeT, tJTO npe,n;cTaBJieHHble co6b!Tll.fl 3TO pacna,n;bl 

µ+ -+e+ VeVµe+ e- H <pOH cJiytJaHHb!X COBna.n;eHH:lt H HM O,n;HO 3aperHCTpttpo

BaHH0e co6b!THe He MO}l{eT 6b!Th HHTepnpeTHpOBaHO KaK pacna,n; µ+ -+e+ e+ e-. 
OueHKa BepxHeH rpaHHUbl OTHOCHTeJibHOH BepOJITHOCTH pacna,n;a 
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µ+ -+e+ e+ e- Ha ypoBHe 90%-HOH ,ll;OCTOBepHOCTH, .llJI.fl cnyqaJI, Kor,n;a HCKOMOe 

co6b!THe He Ha6JIJO,n;aeTCJI, HMeeT BeJilltJHHy: 

f(µ+-+e+e+e-) 
R = ---,--,----~ < 3 6 . 10-11 

µ+-+e+e+e- r( + + - ) - ' µ -+e VeVµ 

IlonytJeHHoe JHatJeHHe R µ+ -+e+ e+ e- B ~ 50 pa3 ynytJIIIaeT oueHKy c,n;e

JiaHHy1-0 paHee B ,lzy6He, H HaXO,n;HTCJI Ha ypoBHe COBpeMeHHb!X MHpOBb!X ,ll;OCTH

}l{eHHH. 

O6ruee tJHCJIO pacna,n;oB µ+ -+e+ Veiiµe+e-, JaperncTpHpoBaHHblx B 3Kcrre

pHMeHTe, COCTaBHJIO ~ 44 n OHO HaXO,n;HTCJI B corJiaCHH c pactJeTHOH oueHK0H 

npn JHatJeHHH cpoHa ~ 21. 

EcTecTBeHHb!MH KpHTepHJIMH-,n;JIJI oT6opa co6hITH:lt 1t+-+e+vee+e- 6b!Jlll: 

HaJIHtJHe npe,n;IIIeCTBYI-OIUeH pacrra,ny OCTaHOBKH IIHOHa B MHllleHHj Macca pacrra

BIIIeHCJI tJaCTHUblj O,n;HOBpeMeHHOCTh rrpoxolli,n;eHHJI Bcex Tpex 3apJI}l{eHHhIX 11a

CTHU. B pe3yJihTaTe, 6bIJIO Haii,n;eHO 9 co6bITH:lt ,r+-+e+vee+e- npH O}l{H,ll;aeMOM 

cpoHe- 1 co6hITHe. 

O}l{H,n;aeMoe tJHCJIO pacna,n;oB 3a c11e:r 11uyTpeHHero TopM03Horo HJJiy11eHHJI, 

COCTaBJIJieT B Harnett CTaTHCTHKe ~1. 3To .:3uatJHT, 'ITO IIOJiy'IeHHaJI HaMH CTa

THCTHKa npaKTH'leCKH He HeCeT HH<pOpMaUHH O BKJia.n;e TOpM03Horo HJJiy11eHHJI, 

XOTJI OHO orrpe,n;eJIJieT' B OCHOBHOM, IIOJIHYI-0 BepoJITHOCTh pacna,n;a 7r+ -+e+ Vee+ e-. 
TaKHM o6pa30M, cpe,n;H Ha6JII-O,ll;eHHb!X pacna,n;oB OCHOBHYI-0 11aCTh, IIpHMepHO 7 
co6b!Tll:lt, COCTaBJIJII-OT pacrra,n;bl, o6ycJIOBJieHHble HaJilllJHeM CTPYKTYPhI IIHOHa. 

-B pe3ym,TaTe rrony11eHa oueHKa napUHaJII,HOH BepOJITHOCTH pacrra,n;a 

1r+-+e+vee+e- 3a c11eT HaJill'1ll.fl CTPYKTYPhI IIHOHa 

RsD = f(1r+-+e+vee+e- sD) = NsD ~ (4, 6 ± 1, 6 ± 0, 7). 10-10' 
r( 1r+-+µ+vµ) NOCT • €SD 

r,n;e N SD = 7 - tJHCJIO pacrra,n;on, o6ycnoBJieHHblx HaJilllJHeM CTPYKTypb! IIHOHa. 

BTOpaJI OIIlH6Ka - 3TO OIIlH6Ka 3a C'leT Heonpe,n;eJieHHOCTH 3<p<peKTHBHOCTH pe

rncTpaUHH. 

9KcnepHMeUTaJihHble ,n;aHHhle, IIOJiy11eHHble rrpH IlOHCKe H H3y'1eHHH pac

rra,n;oB µ-t: -+e+ e+ e- H 1r+ -+e+ Vee+ e-, no3BOJillJill onpe,n;eJIHTh nepXHI-OI-O rpa

HHUY nepoJITHOCTH erue o,n;uoro 3arrperueHHoro 3aKonoM coxpaueHHJI nenToHHoro 

11HCJia pacna,n;a 1r+ -+ µ- + 2e+ + vµ- ,ll;JIJI 3Toro 6hIJia pacc11HTaHa 3cp<peKTH

BHOCTh perHCTpaUHH pacna,n;a 7r+ -+ µ- + 2e+ + Vµ nyTeM o6pa60TKH MO,n;empo

BaHHb!X co6bITH:lt, noJiy11aeMhlx npn Mo,n;empoBaHHH rrpouecca 1r+-+µ-e+e+vµ 
c noMOIUhI-O nporpaMMbI FOWL, HCITOJih3YJI MeTo,n; MoHTe-RapJio. IlporpaMMhI 

Mo,n;empoBaHHJI ,n;JIJI pa3JIH'1Hb!X npoueccoB npH npoxom,n;eHHJI 11acTHU 11epe3 

cneKTpoMeTp APEC co3,n;aHbl c HCITOJih30BaHHeM rncTeMhI GEANT3. Ilpn pac-

11eTe 3<p<peKTHBHOCTH npe,n;noJiaraJIOCh, 'ITO MaTpH11Hbltt 3JieMeHT TaKoro pac-
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na.na - KOHCTaHTa, a 3neKTpoH OT nocne.n:y10mero pacna.na µ -> evv pern:CTpH

pyeTcJI BO BpeMeHHOM HHTepBane ~ 10 HC, Tpe6oBaBIIIeMC.II fihlcTpOH norHKOH 

OT6opa cofihlTHH c TpeM.II aapIDiieHHhlMH qacTHIJ,aMH. 11MIIyfilChl OT C~HTHn

JIJIIJ,HOHHhlX cqeTqttKOB, qepea KOTOphle npoIIIJIH aapIDKeHHhle qacTHIJ,hl, .non

Hllihl nona.naTI, BO BpeMeHHhle BOpoTa .D:JIHTeJIJ,HOCTI,IO ~ 10 HC. 8cpcpeKTH

BHOCTb perHCTparum 7r+ -> µ- + 2e+ + Vµ. c yqeTOM Heo6xo.n;HMhlX rronpa

BOK (Ha BpeMeHHhle BopoTa, 3HepreTttqeCKHe BOpOTa H T . .n.) OKaaanacb paBHOH 

€ = 1.2 . 10-6 npH none 0.315 Tn. He fihlno o6HapyHieHo HH O.D:Horo cofihlTHH 

pacrra.na 1r+ -> µ- + 2e+ + Vµ.- ., 

IIonyqeHHaH oIJ,eHKa Bepxneti rpaHHll,hl OTHOCHTenbHOH BepO.IITHOCTH pac

na.na 71"+ -> µ- + 2e+ + Vµ. Ha ypOBHe ,!l;OCTOBepHOCTH 90% COCTaBHna 

Br= f(1r+-> µ- + 2e+ + vµ.) < 1.6. 10-6. 
f(1r+-> µ+ + vµ.) 

8TO 3HaqeHHe Br B 5 paa ynyqrnaeT oIJ,eHKy, c.nenaHHYIO paHHee B ,Uy6He H 

JIBJIJieTC.II nyqrnHM B MHpe. 

B CB.II3H C BO3HHKllIHM B 1985 ro.n:y HHTepecoM K pacrra.naM 71" -> µv1 
H 7r+-,µ+e+e-vµ., fihlna paCCMOTpeHa BO3MOlliHOCTb perHcTpall,HH pacrra.na 

1r+-,µ+e+e-vµ. Ha ycTaHOBKe APEC. Pacrra.n 1r+-,µ+e+e-vµ. o6yrnoBneH rna-

6hlM H 3neKTpOMarHHTHhlM B3aHMo.nettCTBHeM. 8TOT pacna.n He Ha6n10.nanc.1I 3KC

nepHMeHTafilHO, aa n:cKn10qeHHeM ·o.D:Horo cofihlTHJI, cnyqatiHo aaperHcTpHpo

BaHHoro eme B 1955 r. B q>OTO3MJJIJ,CHJIX. 11MeIOmn:eCJI TeopeTn:qecKHe OIJ,eHKH 

OTJ!ttqaIOTC.II B ~ 8 paa. 

Ha nepBoM 3Tane MeTo.noM MoHTe-Kapno fihlJIH creHepHpOBaHhl cofihl

THJI C HCnOJIJ,3OBaHHeM MaTpttqHoro 3neMeHTa. IloJIHaJI BepOHTHOCTb rrpouecta 

7r+-> µ+ e+ e-V µ. onpe.neJIJieTCJI, npaKTHqecKH nonHOCTbIO' BKna.noM BHJTpeH

Hero TOpMO3Horo HanyqeHHJI, H ee MO}I{HO npe.ncTaBHTb B BH.ne: R( 7r+ -> 

µ+e+cvµ.) = W(1r+ -> µ+e+e-vµ.)/W(1r+ -> µ+vµ.) ~ Rm = 0.33 • 10-6 • 

Ha BTOpOM 3Tane MO,Zl;eJIHpOBaHHJI fihlna pacc~TaHa Bepp.lITHOCTb perHCTpall,HH 

pacna.na 7r+-,µ+e+e-vµ. cneKTpoMeTpoM APEC. Co6hlTHJI c BecoM, nonyqeH

Hhle Ha nepBOM 3Tane Mo.neJIHpoBaHHJI, 6hlJIH rrponymeHhl qepea ycTaHoBKY. II pH 

3TOM B cneKTpoMeTpe OTCJTCTBOBan nepBhlH pH.n Cll,HHTHnJIJIIJ,HOHHhlX cqeTqHKOB 

H MHllieHb. IlHOHhl C HMIIJJIJ,COM 170 M3B/c pacna.nanHCb B BaKyyMe B IJ,HnHH

.npe, pacnonollieHHOM B IJ,eHTpe ycTaHOBKH H HMe10meM .nnHHy 70 CM H .n;HaMeTp 

10 CM. Pacna.D:HaJI aoHa - 40 CM, orpaHH~BaeTC.II ycnoBHHMH TpHrrepa. Tpa

eKTOpH.II ny~OBhlX 7r+-Me30HOB perHCTpHpyeTCH .D:BYMH napaMH paaHeceHHhlX 

.D:ByXKoop.n;HHaTHhlx nponopIJ,HoHafilHhlX KaMep. CneKTpoMeTp APEC Hcrron1,

aoBanCJI .D:JIJI perHcTpaIJ,HH noaHTpoHa H 3neKTpoHa OT pacna.na 1r+ Ha neTy. 

Ilpe.n:rronaranoc1,, qTO B Bhlpa60TKe TpHrrepa 6y.n:yT Hcnom,3OBaTbCJI, KaK H pa

Hee, cTpHIIOBhle KaMephl (IV H IX) H BTopoti pH.n ro.noCKona. Mo.nenHponaHHe 

npono.n;HnOCb npH MarHHTHOM none 500 re. 
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II pH HHTeHCHilHOCTH rryqKa IIHOHOD 1=5 . 105 /c H npeMeHH 3KCIIO3HIJ,HH 

5 • 105c, rrpH Tpe6onaHHH rrpoxoIB.ne1rnH e+ H e- qepea paa1me rpyrrrrhl B KaMe

pax (IV, IX) H paaHhle cqeTqHKH nTOporo pH.na ro.noCKorra, OIBH.naeMoe qHCJIO 

cnyqaen .neTeKTHponaHHH N1r .... µ.eev ~ 180-;--200. II pH OTCJTCTBHH nToporo pH,na 

MOlliHO HMeTb N 7r-+µ.eev ~ 430-;--450. 11a 3THX OIJ,eHOK cne.nyeT' qTo ecTb peanbHaH 

noaMOlliHOCTb nayqnT» pacrra.n 7r+_,,µ+e+e-vµ. Ha yCTaHonKe APEC. 

B TpeTbeH mane OIIHCh!IlaCTC.II 3KCIIepHMCHTanhHaH yCTaHODKa J,f J.1. 
,UaeTC.II OIIHCaHHe OCHODHhlX yanon ycTaHODKH H IIpHHIJ,HIIOil HX cpyHKIJ,HOHHpOBa-

1-!HH. IIponO.n;HTCH aHanH3 peaynhTaTOn o6pa60TKH 3KCIIepHMeJITanbHhlX .naHHhlX, 

Ha OCHOBe KOTOphlX .naeTCH oue1rna nepoHTHOCTH rrpouecca rrepexo.na MIOOHHH Il 

aHTHMIOOHHH. 

CrroHTaIIHaH KOHDepcHH aTOMOil MIOOHHH ( M = /l+ e-) n aTOMhl aHTHMIOO

HHH ( M = µ- e+) (pHC. 6) napyrnaeT OT,llCJibHOe coxpa11e1me a.n.nHTHilllhlX JICII

TOHl-lhlX qncen .nna MIOOI-IOD 0 3ne!{TpO11OIl. 8TOT rrpouecc, KaK H .npyrne, Hapy

lIIaIOIUHC coxpa1-1e1-1ne nerrTOHHhIX apoMaTon, aanpemen n pa~max cTan.napT1-1oti 

Mo,nenH 3neKTpocna6hlX naaHMOJI:eHCTDHH. JleIITOHhl' COCTannHIOIUHe a TOM M IOO-

rMll!ll@lllllW11Ji! 

[Ml 

c\lJllqllDll!ll@ll\lll!llllll 

ii 

[!)+2v 

PHc. 6: MM cHcTeMa. ,Une naMepaeMhle qacTHI1.hl, aTOMHhlH rroaHTpon H 3neK

TpoH MHllienH H3 pacrra.na MIOOHa, OTMeqeHhl Kna.npaTaMH. 

1-!HH, HBnHIOTCH aHTHqacTHIJ,aMH neIITOHOD, COCTannHIOIUHX AHTHMIOOHHH. Cne

.nonaTCJIJ,HO, pacmenneHHH yponneti OCHODHhlX COCTOHHHH M H M 6y.n:yT HMCTh 

npOTHDOIIonOlliHhlC 31-!aKH. 8To o6CTOHTCnhCTDO orrpe.nenaeT 3aDHCHMOCTh nepo

HTHOCTH KOHnepCHH OT MarHHTHOro non.II pHC. 7. KoHnepcHJI MC}K.D:J rronHpH-

3ODaHHhlMH COCTOHHHHMH rrpeKpan~aeTCH Tor.na, Kor.na nennqm1a pacmenneHHH 

H3-3a MarHHTHOro non.II CTaHODHTCH cpanHHMOil. C ecTeCTDCHl-lhlMH IIIHpHI!aMH 

yponHeH (KOHCqflOC npeMH }I{H3HH aTOMa). 8TO rrpoHCXOJI:HT IIpH rna6oM Ma

rHHTHOM none ~ 26 Mf. IlpH 3TOM nepOHTHOCTh KOHnepCHH YMCHhlIIaeTCH 11a 

50%. YnenHqenHe MarHHTHOro non.II napyrnaeT CD.1!31, Melli.n:y CIIHHaMH 3JleK

Tpo1-1a H MIOOHa. HeaanHCHMhle .npyr OT .npyra CIIHllhl qacTHGHO IIOJIHpH3JIOTCH 
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BO BHelllHeM MarmnHOM IlOJ!e( ~ 0, 1 Tn) ll KOHBepcHH MeJK.ny IlOJIHpll30BaHHhlMll 

COCTOHHllHMll HaqmrneT yMeHblliaThCH. Ilpu CJ!a6oM MarHHTHOM IlOJ!e nepexo.nhl 

Jt 
~ ~ 
1~ 
a. l 

~ 

- · iAAl4 I i+NI( I IMI◄ I IAtiii( I Pi«lij I jf,,ii i lt+li, :J.0 

1 2.5 . 1 
GMM < lGF ~ 2.0 

L5 

1.0 

0.5 

f ''It ◄ '•hh•t l·WI◄ ll<ffl◄ 'IWlllll•YI◄ ~ 0.0 

10-• 10-• 10-· Hf 1d 1,J 1d 10' 1d 
mqnetlc rae1d (GJ 

"" 

Puc. 7: IIo.nanneHue Bepo

HTHOCTH M ll3-3a BHewnero 

IlOJIH B ( HeilOJ!Hpll3oBaHHhle 

COCTOHHHH). IIonHpll30BaH

HaH qacTh HBJ!HeTCH no.na

BJ!eHHOH Ha 50% npu 26 Mf 

u cne.nonaTeJ!hHO He nu.nna 

na 3TOM rpaqnrne. 

MeJK.ny IlOJ!Hpll30BaHHhlMll COCTOHHHHMll no.nanJIHIOTCH H nepOHTHOCTh HOHnepCllll 

yMeHhWaeTCH n .nna pa3a. YnenuqenHe IIOJIH cnhlwe 0.1 Tn Bhl3hlnaeT no.nanneHue 

nepexo.noB MeJK.ny nenoJ!HpH30BaHHhlMH COCTOHHllHMll H BepOHTHOCTh na.naeT .no 

HyJIH. 

M->M nonnepcHH n nemecTBe CHJ!hHO no.nannena, noToMy qTo M aToM 

MOJKeT cpa3y nepe.naTh cnott MJOOH aToMaM cpe.nhl, B ROTopott Haxo.nuTcH. Cne

.nonaTeJ!hHO, CHMMeTpHH MeJK.ny M H M HapyrneHa. B raJax nonnepcttH TaHJKe 

no.nanneHa, nonoMy HCKaTh MM HoHnepcHJO cne.nyeT n naKyyMe. 

Mhl .neTeKTllpOBaJIH .nna npo.nynTa pacna.na aHTHMIOOHllH: 6hlCTphlH :rnen

TpOH MuweJIH c 3HeprHet1: .no 52.8 M3n, noJHHHaJOIUHH npu pacna.ne oTpmi:a

TeJ!hHoro MIOOHa, H BhlCB060JK.lleHHhlH aTOMHhlH Il03llTpOH co cpe.llHeH 3HeprHet1: 

13,5 3B. Mhl H3MepHJIH o6a I{OMIIOHeHTa n peJKHMe conna.neHHH, qTo6hl yMeHh

llillTh CJ!yqatl:HhlH cpon. 

8ncnepHMeHT npOBO.lll-lTCH Ha TpaKTe nyqKa 1r E3 KOJihUeBoro UHKJIOTpOHa 

11ncTHTyTa HM. IlayJIH Illeppepa (PSI) n BHJ1J1ureHe. B HaweM 3HcnepHMenTe 

HCilOJ!h3,YIOTCH MIOOHhl, B03HHKaJOIUHe npH pacna.ne IlHOHOB, OCTaHOBllBIIlllXCH 

cpa3y IIO.ll nonepXHOCTh!O Mllllienu, T.e. IlOBepXHOCTHhle MIOOHhl, C HIITeHCHBHO

CTh!O 1.5 x 106 / c npH HMIIYJ1hce 21 M3n/ c. M100HHhlH nyqon ocTaHanJIHBaeTCH 

n 3JIJIHTTTHqecnot1: Mttwenu HJ nopowna SiO2, pacnonoJKeHHotl: n ueHTpe .neTeK

Topa no.a yrnoM 45° I{ OCH nyqKa. ToJIIUHHa CJIOH nopornna - OKOJIO 5 Mr/ CM2• B 
3aBHCHMOCTH OT llMTTYJihCa nyqJ{a ll TOJIIUllHhl MHWeHll B Hett OCTaHaBJIHBa!OTCH 

.no 40% HaJ!eTaJOIUHX MIOOHOB, I{OTOphle 3aXBaThlBaJOT 3JleKTpOHhl nopoIIIKa, 06-

pa3y10T MIOOHHH H .lll-l<P<PYH.lll-lpyeT n nanyyM. IloCKOJ!hKY TennonaH :meprHH 

MIOOHllH nopH.llKa T ~ 300 I{ OH HaXO.lll-lTCH B npocTpaHCTBe pa3MepoM B He

CHOJ!hKO CM3 B TeqeHHe ncero BpeMeHH JKH3HH. 

MM .neTeKTOp COCTOllT ll3 .llBYX OCHOBHhlX qacTe:li. Ha pHc. 8 IlOKa3aH 

BH.ll .neTeKTopa u ero ocHOBHhlX qacTetl: cnepxy. IlepnaH npe.ncTaBJ!HeT co6ot1: 
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Mf;i - Detector ~itron detector 

■ magnet cols 

■ Ctl 

■ MWPCs ■ m11f!i diannel plate 

positron transport system 

Pttc. 8: CxeMa MM .neTeKTopa: MarHHTHhlH .neTeKTop cocTOHT HJ IIHTH UHJIHH

.npw:rnCKux MHoronponono'll!hlx nponopUHoHaJlhHhlX KaMep (MWPC) H CUHH

THJIJIHUHOHHoro ro.nocKona .llJIH .neTeKTHpoBaHHH 3JieKTpoHa MHWeJIH OT pac

na.na µ-. BTOpaH qacTb- .neTeKTOp Il03HTpona, HBJIHeTCH KOM6HHal(HeH qyncTBH~ 

TeJihHOH MHoroKaHaJlhHOH nJiaCTHHhl (MCP) H cneKTpoMeTpa Ha Csl KpHcTaJI

JIOB .llJIH H.lleHTH<pHKaUHH aTOMHOro Il03HTpOHa nyTeM H3MepeHHH I -KBaHTOB OT 

e+ e- aHHHrllJIHUHH. O6a KOMilOHeHTa .neTeKTOpa CBH3aHhl CHCTeMOH COJieHOH.llOB 

H KaTyrneK feJlhMrOJlhUa .llJIH TpaHcnopTHpOBKH aTOMHOro II03HTpOHa H3 o6JiaCTH 

MHIIIeHH K MCP. 

MilrHHTHhlH cneKTpOMeTp C 60JlhIIIHM TeJieCHhlM yrJIOM .llJIH H3MepeHHH 3JieKTpo

HOB MHWeJIH. OH COCTOHT H3 IIHTH UHJIHH.llpHqecKHX MHOronpoBOJIOqfihlX npo

nopUHOHaJlhHhlX KaMep H o.nimro CUHHTHJIJIHTOpHoro ro.noCKona H3 64 CTpHIIOB, 

OKpyJKaJOIUHX KaMephl. PerHCTpHpy!OTCH CHrHaJlhl c o6oHX KOHUOB CTpHIIOB. 

IlponopUHOHaJlhHhle KaMephl perHCTPHPYIOT TpeKH 3JieKTpOHOB HJIH II03HTpOHOB 

MHWeJIH Ha pacna.na M HJIH M. RaMephl 2 H 4 Bhl.naroT HHcl>opMaUHIO no.cttrHa

JiaM aHO.llHhlX IIpOBOJIOqeK (r tt </> KOOp.llHHaThl), an KaMepax 1, 3, 5 BHyTpeHHHe 
C 

ll BHeIIIHHe KaTOJlHI,Ie IIJIOCKOCTH paa.neJieHhl Ha yame CTpHilhl, C KOTOphlX MOJKHO 

CqttThlBaTJ, HHcpopMaUHIO no KOOp.llHHar'aM r, ¢, z. 3apJI.ll tt HMIIYJlhC onpe.ne

JIHIOTCJI c IIOMOIUh:io MarHHTHoro IIOJIH 0,1 TJI. 8To aHaqeHHe o,n;IIonpeMeHHo 

o6ecrre~aeT .nocTaToqnoe paa.n;eJieHHe no aapJI.ny e- H e+ H paaJMHO MaJioe 

rro.n;anJieHHe nepoJITHOCTH KOHBepcHH. CttrHaJI ro.n;ocKorra orrpe.n;eJIJieT Toqnyro 

CHHXpOHH3aUHIO H3MepJieMoro TpeKa. 
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MaJI03HeprW!Hhle 3JieKTpOHhl (no3HTpOHhl) B03HHRaIOill.lle npH pacna.ue 

MHIOOHH.II (aHTHMIOOHH.II) ycKapHIOTCH napaJieJII,HO MarHHTHOMY nomo n 2~ 

KacKa.l(HOM 3JieKTpOCTaTHqecKoM ycTpo:ikTBe .llO 3HeprHH 6-10 K3D. H ,,.TpaHc

nopTHpyIOTCH B COJieHOH.l(aJII,HOM MarHHTHOM none B = 0.lT n cneunaJIJ,

HOH CllCTeMe. Otta COCTOHT ll3 2-x npHMhlX ceKUHH ll IlOBOpOTHhlX KaTyllleK 

I'em,Mrom,ua, HanpaBJIHIOru;HX 3JieKTpOHhl HJIH II03HTpOHhl OT MHilleHhl K "no-

3HTpOHHOMY aeTeKT<>py". 8TOT II03HTpOHHhlH .l(eTeKTOp DKJIJOqaeT n03HUHOHHO

qyBCTBHTeJII,HJIO MHRpoKaHaJihHYIO nJiaCTHHY, perHCTpnpymm:y10 BpeMH ll MeCTo 

CTOJIRHoBeHHJI. MCP cocTOHT H3 cTeKJIHHHoti: nJiaCTHHhl, coaepmameti: CBHHeI~, 

B KOTOpoti: HMeeTCH OKOJIO 5 X 106 RaHaJIOB. llmpopMal_(HH O MeCTe nonaaaHHJI 

3JieKTpoHa B MCP no3BOJIHeT BOCcTaHoBHTb MecTo ·Bo3HHKHOBeun11 no3HTpoua n 

o6JiaCTll MilllleHH (B nJIOCROCTH r - </>) C TOqHOCTblO ±1 MM. RaJIOpHMeTp ll3 

YMCP 

XI.Cl' 

1111 In MCP by Incoming 
poaltron 

Pnc. 9: .l(eTeKTop no3HTpoHoB, cocToHIIlllH H3 MCP, oKpymeHHOH KaJiopnMeTpoM 

ll3 12-TH Csl-KpHCTaJIJIOB, .l(JIH ll3MepeHH1! npoTHBOnOJIO.lRHO HanpaBJieHHhlX q>o

TOHOB OT e+e-aHHI:IrHJIHUHH. 

KpHcTaJIJioB qncTOro CsI, pacnoJIO.lReHHhlti: BOKpyr MCP (pnc. 9), perncTpnpyeT 

no3HTpOH no .l(BJM raMMa-KBaHTaM, Ra.lR.l(hlM C 3Heprne:li: 511 R3B OT no3HTpOII-

3JieKTpOHHOM aHHHrHJIHUHH B MCP. CoBnaaeHne cnrHaJioB OT MCP n Csl

cneKTpoMeTpa 1!BJIHeTC1! qeTRHM CHrHaJIOM HaJIHqn11 n03HTpOHOB. BpeMeHHOe 

pa3perneHHe cocTaBJIHJIO 10 HC (FWHM). 

RaJiopHMeTp cocToHT H3 12 KpHcTaJIJIOB qncTOro CsI. Ha Topuax KpHCTaJI-
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JIOB C 0.l(l!Oll CTOpOHhl npHKJieCHhl <I>8Y. OHH MoryT pa6oTaTI, B MarHHTHOM IlOJie 

B HecKOJibKO RHJioraycc 6e3 3Hpaunp0Ba1m11. CnrnaJihl, noJiyqennhle c <I>8Y, 

ycHJIHBaJOTCH B ycHJIHTeJie, HMemmeM DPCM11 HHTerp11pOBaHH1! 25 HC. RpHCTaJihl 

~2000 
~ -C 
51500 
u 

1000 

500 

0 
-20 

(a) 

O 20 
tes1-es1 [nsec] 

~3000 
"' i 
C = 
82000 
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0
-20 
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O 20 
'1.iCP-CsI [ nsec] 

Pnc. 10: BpeMeHHOe pa3pelllCJflle Il03llTpOHHOrO .ueTeHTOpa )lJI11 q>OTOHOD C 3Hep

rneti: 511 k3B, noJiyqeHHhlX nocJie a1rnnrHJIHUHH no3HTpoua B MCP. 

ll3 qncToro Csl xapaKTepH3JIOTC1! 6hlCTphlMH ll Me)lJICHHhlMH KOMilOHeIITaMH ll3-

Jiyqenll1!: BpeMH pacna.ua 6hlcTpofi KOMilOJieHThl 25 nc, a BpeM11 pacna.ua Me

.llJICHHOM KOMilOHeHThl paBHO 1 MKCeH. TI peHMymecTBO qnCToro Csl HpllCTaJIJia 

no OTHOilleHHIO K .upyrHM HpHCTaJIJiaM ~OCTOHT B TOM, qTo CHrHaJI, noJiyqeHHhlM 

OT Hero, MO.lRHO HCilOJII,JODaTI, )l]UI q>OpMHpOBaHH1! Tpnrrepa ycTaHOBl{ll. 

,l(JIH npOBe)leHH1! BpeMCHHOM ll aMl1JIHTY.llllOM HaJI116poDKH, a TaH}KC onpe

)leJieHH1! 3q>q>eKTHDHOCTH Csl .ueTeuTOpa, 6hlJI llCilOJII,30BaH HCTOllHHI{ Il031ITpO

HOB 22 Na, ycTaHODJieHHhlM na MCCTC MHIIICHH D )leTCl{TOpe 3ap11lliCJll!h!X qacTHU 

ycTaHoBRH MM. Tpnrrep 6wJI naCTpoen na coBna.uenne cnrnaJioB OT M CP H 

cpa6aTh!BaHHIO MHHHMYM 2-x ll3 12 RpHCTaJIJIOB Csl )leTeKTopa, l{OTOph!e .llCTeK

THpOBaJIH annrHJIHUHOHHhle ')'-KBaHThl, noJiyqeJIHh!e IlOCJie OCTaHOBRH Il03HTpo

HOB B MCP. Bennqnna 3Heprnn OT Kalli.uoro noJiyqennoro cnruana .llOJilliHa 6h!Tb 

6oJibllle 100 R3B. ,l(JI11 Kalli.uoro cnruaJia 3Haqenne TDC .uomuuo naxo.u11TbCJI n 
HHTepBaJie t E (0, 2048). ,l(JIH npeMeHHOfi KaJIH6poBKH KpHCTaJIJIOB Csl .llCTCR

Topa cnruanoM ,,start" HBJIHJICH cnruaJI, noJiyqeunwti: OT MCP, a ,,stop"-oM 

CHrHaJihl OT caMHX KpHCTaJIJIOD. Ha pllc. 10 noua3aHhl pacnpe.UCJICHHJI DpCMCII

HhlX HHTepBaJioB .un11 Csl-MCP H Csl-Csl. 

CxeMa TpHrrepa ll cqHThlBaHH1! 3JICRTpOHHKll nouaJaHa ua (p11c. 11 ). Cn

rHaJihl, DXO)lJIIll.lle B rnaBHYIO cxeMy coBna.uenll1! (MC) (cqeTtIHI< ny,rna, ro.uo

CKon n .ueTeKTop n03HTponoB, 1<0Topwfi caM 11DJI11eTc11 cxeMoit coBna.uenHJI MCP H 

Csl) MoryT 6hlTb B pa3)leJII,HOM nopH.llKC BKJIIO'leHhl/BhlKJIJOqenLI B CO(?TDCTCTDllll 
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C Tpe6oaaHIDL\Uf ll3Mepemrn. CqHT11BaHHe ocymecTBJUieTCJI KOMn1IOTepoM qepe3 

IllHHY .naHHhlX CAMAC 11 GPM (FASTBUS). Tip11 HJMepemrn q11rna o6paJy

IOm:HXCJI ~IIOOHHeB (M-peHun,) n Tpttrrep DKJIIOqaIOTCJI nopoTa .UJIHHOtt 8 MKC, 

OTHp11nae~111e cqeTqttKOM nyqKa, cHrHaJI OT ro.nocKona 11 cttrHaJI oT MCP (6eJ 

conna.neimtt c cttrnanaim OT CsI). B pelKttMe nottcKa cnmna1rnott 1wHnepctt11 

~IIOOHHJI B aHTHMIOOHtttt ( M -pe}KHM) D TpHrrep DKJIIOqaJOTCJI CHrHaJII,J OT rono

CKOIIa 11 c11rHaJI11 OT coananeHHtt MCP 11 CsI-KaJiop11MeTpa. 

~------------·-""I 

~l!il'il ... -
.... 

IXJ<Ml@~<?I@~ 

«1,!lll 

" 
P11c. 11: CxeMa TpHrrepa H cqHT11Ba10meu 3JieKTpoHHKH. 

Rorna Tpttrrep pa6oTaeT D M-peJKHMe, Torna Bee MarHHTHhle H 3JieKTpH1ie

CKHe IIOJIH a neTeHTOpe MeHJIIOTCJI Ha o6paTHI,Je no OTHOIIIeHHIO K HOpMam.HOMY 

M-peJKHMY, noToMy qTo qacTHIU,I, HJMep1IeM11e B M-peJKHMe, HMeIOT 06paTH11H 

3HaK no cpaBHeHHIO C Af -pelKHMOM. 

B M-peJKHMe qacTOTa TpHrrepa COCTaBJIHeT OKOJIO 1 ru:. O611qHo ceaHC 

Ha6opa cTaTHCTHKH npononJKaJicJI ~ 4 - 5 qacoB ( M -peJKHM) nocne qero npoao

.nHJICJI ceaHC C IIpOJlOJI}l{HTeJI1HOCTIO 20-30 MHH. (M-pe}l{HM) JlJIH onpeneJieHHH 

qHcJia o6pa3yIOm:HXCJI MIOOHHeB. 

AHaJil13Hpy10meit nporpaMMOH, 11CIIOJI13JeMott B 3KCnepHMeHTe, HBJIJieTCH 
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,lvtcnJieH Co61JTHH, HOTOphlH rpaqmqernH noKa3hlBaeT HHq>OpMau:mo, HMeIOrrzy

IOCJI JlJIH O}lHoro, OT}lem.no B3HToro co61JTHH. Ha pHc. 12 noKaJaHO THIIH<IHOe 

q>OHOBOe co61JTHe. 

Alltrigqe,-.oresel~ 

MMbo, EVENT DISPLAY 

92- 7-2712.47. 0 
RU~ :i17 

CVT 1l129 

"'° ' 

~.J 
e+ OCTECTDR 

TIME MCP 14.l.3 "' 

RZ-Vl£W -

PHc. 12: THTTH'llili!H BHJl co611THH HJ ceaHca M. 

RaH,UH,UaThl Ha M - co611THH 611J1H oT06paH11 no cJienyIDIUMM KpHTepHHM: 

• B 3JieKTpOHHOM cneKTpoMeTpe )];OJI}l{eH 611Tb XOTH 611 0,!l,IDI TpeK C OTpnu:a

TeJII,HhlM JapH.D;OM. 

• TOF (BpeMH rrpoJieTa) aTOMHoro IIOJHTpoHa 

JlOJI}l{HO HaXO,UHTI,CH B HHTepBaJie Me}l{.n;y 80 H 140 HC (pHC. 13) . 

• AHHrHJIJIHUHH noJHTpoHa Ha MCP Bhlpa}l{aeTcH B OJlHOM HJIH JlBJX cH

rHaJiax B CsI KpHcTaJIJiax. BpeMH cnrHaJia OTHOCHTem.Ho MCP .n;oJl}l{Ho 

611T1 BO BpeMeHHoM oKHe IIIHpHHo:ii 30 nc, a aMIIJIHTy.n;a CHrHaJioB B Csl 

Haxo.n;HT1CH B rrpe.n;eJiax 0.1-1 M3B. 

• Pa,UHam.Hoe paCCTOHHHe OT BeplIIHHhl JlO OCH z .ll;OJl}l{HO fihlTl, MeHee 37 MM 

.n;JIH Toro, qT0611 OTCe% pacrra.D;I,J H3 paMKH MIDIIeHH. ,l.t;JIH Z-HOOp.n,miaThl 

BeplIIHHhl 611J1a IIpHHJITa o6JiaCTI, B HHTepBaJie (2a - 52 MM) OT MIDIIeHH 

K HanpaBJieHHIO ny~a. 

B peaym.TaTe B IIOHCKax pacnanoB aHTHMIOOHHH 6hlJIH OT06paH1! 246 co-

6hlTHil c OJlHHM OTpHUaTem.Hb!M TpeKoM B SINDRUM, rrpHHHMaH Bo BHHMaHHe 

Te }l{e Tpe60BaHHH1c qTo H ,UJIH OT6opa IIOJIO}l{HTeJII,Hb!X TpeKOB B pe}l{HMe MIOO

HHH. HH OJlHO HJ 3THX co611Tlltt He YJlOBJieTBOpHJIO qncJieHHb!M xapaKTepHCTHKaM 
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UJ 30 - - Entries 246 a> C ! 25 -O 20 .... _a 
! ! ,,_ 

t:: C c/5 c/10 

Bi I I I 
E 15 
:::, 
z 

10 

5 

0 
-50 0 50 100 150 200 

Time-of-flight [ns] 

PHc. 13: BpeMJI npoJieTHoe pacnpeJJ:eJieHHe Lf:JIH co6J,1THH c o.mnIM oTpHua

Tem.HHM TpeKOM B SINDRUM. IIHK o6ycJioBJieH Bafia pacceRHI:IeM 6J,1cTphlX 

II03HTpOHOB H pacnaJ];OM µ+-e+vezlµe+e-. RaK IIOKa3aJIH H3MepeHHH HeKOTO

phlX cneKTpOB Tpe,KOB npH pa3JlH'IHl,IX HaIIpIDKeHHHX Il03HTpOHHoro ycKOpHTeJIR, 

O.IKHJ];aeMoe BpeM.11 J];JIH pacnaJ];OB aHTHMIOOHHR 6hlJIO pacnpeJ];eJieHO MelliJJ:Y 80 H 

140 HC. 

pacrraJ];a aHTHMIOOIIIDI ( CM. pHc. 14)' o6ycJIOBJieHHhlM TOlffiOCTHMH H3MepeHHR 

BpeMeHH H KOOpJ];HHaT qaCTHU, a HMeHHo: 

• BpeM.11 npoJieTa II03HTpoHa, (troF - texpected ~ 10 He 

• HaHMem.mee c61IH}KeHHe TpeKa II03HTpoHa B crreKTpoMeTpe H IIpoeKUHH 

MecTa rroIIaJJ:aHHH II03HTpoHa B MCP IDC Al ~ 12 MM) 

RaK BHJ];HO H3 pHC. 14, co6hlTHH, OCTaBmHeCR B O.IKHJ];aeMOH o6JiaCTH, He 

Ha6JIIOJ];aIOTCR, qTo yKa3hlBaeT Ha OTCJTCTBHe aHTHMIOOHHH. IloJiyqeHa BepXHHH 

rpaHHUa J];JIH BepORTHOCTH M ---+ M KOHBepcHH H KOHCTaHThl CBR3H: 

P(M) ~ 7.9 · 10-9
, GMM ~ 1.8 X 10-2GF {90% C.L). 

!!_ qeTBepTOH rJiaBe OIIHChlBaeTCR 3KCIIepHMeHT no IIOHCKY µ-e KOHBepcHH. 
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PHc. 14: Ha npaBOM pHc. IIOKa3a!lhl co6hlnrn COOTBeTCTBJJOIUHe MH!lm!aJib

HhIM ycJIOBHRM aHTHMIOOJIHOro pacna.na ( ua JJeBOM pttcy1rne pacna.u MIOOIIHR). 

BpeMH-rrpoJieTJiaR Koop,nm1aT'!, fibrna rnoppeKTHponaHa TaKHM 06pa3m1, 'IT06hl 

qacTHUhl c 3Heprtteti, y,nonJieTnopmonlett yc1wpttreJ1b11011y 11anpmne11mo, noHn

JIRJIHCh D O HC. Ha nepTHHaJibHOtt HOOp)lHJlaTe IIOHa3a!IO 11am,,e!lblllCC c6JIHlliCHHe 

Tpe1rn II03HTpona H npoeJ{UHH noJJOlKCIIHR aTOMHOI'O 3JICHTpo11a (DCA). 

,ll,JIR IIOHCHa µ-e HOJ!DepcHH Tpe6yeTCR ,llCTCHTHpona1me 0,/l!IOH '!aCTHUhl-

3JieKTpoua, KOTOphlH HCIIJCKaeTCR C HMTIYJihCOM, pa!lllhIM KHHeMaTH'l('CK011j' 

rrpeneny (Pe ~ m,,c), r.ne qio11 OT pacna.na MIOoHon ua opfone Ol!CBh MaJI. 

,ll,eTeKTHpy10nlaR qacTh pacno110llie11a BHYTPH Manmn10ro IIOJIR cnepxnpono

Mmero coneHon,na. KaK nn.nno HJ pttc. 15, .neTe1nnpy10maR 'laCTh ycTauomm 

SINDRUM II cocTOHT HJ CUHBTHJIJIRUH011uoro H qepe1monrnoro roJlOCKorron H 

JJ:BYX UHJIHH.UpHqecKHX .npetiqiom,1x HaMep DCl H DC2. Jfa-Ja 6oJihlllHX npeMeH 

,npe:ll:qia (20 MKCeK) DCI ,nomKHa 6h1Th pacnoJiollieua 11a TaHoM paccTORHHH OT 

MHmeHH, KoTopoe Tpy,nno nocTHraeMo .UJIH Mnmenenc1mx 3JICKTpouon. B DCl 

HCIIOJih3JeTCR npeMeimaH !WppeJIRilHR MClHLl:Y ClfrHaJiaMH CTpHIIOII lf 'iYDCTllH

TeJibHhlX rrponoJioqeH, l!To II03IIOJIHeT 11occTa11onttTh TpeKH c xoponmM npocTpa11-

CTBeHHhlM pa3pemeHHeM (0.4 MM FWHM). 

DC2 HCIIOJih3JeTCR .UJIH pacno311anaHHH qioua OT HOCMH'IeCHHX 11yqeti. Utt

JIHHJJ:pH'IecKHH ronocHOII COCTOHT H3 64 CUHHTlfJIJIRTOpHhlX IIJiaCTiill, H3fOTO

BJieHirnx H:l rrnacTHHa BC408 H HMeIOIIlHX pa3Mep 1500 x 33.75 x 3.0 m13 

KalliJ];aR. BpeMeHHOe pa3peme1me CUHHTHJIJIRUlfOHHOfO ronornona coCTaDJIHCT 

0 .4 7 ( a )HceK, 3TO COOTBCTCTBJCT pa3pemeHHIO no z B 7 .1 CM (a). 
I{am,llhlti H3 J];BJX qepeHKOBCKlfX fO,llOCKOIIOB COCTOHT H3 16 IJJieKCHl'Jla

COBhlX ClleTqlfl{Oll. Ralli,llhIH C'lCT'IHI{ npmrneen K IIJieJ{Clfl'JiaconoMy cneTOBOJlY' 

KoTophl:ll: npenpamaeT Tpaneuott.uamuoe ce,1e1me n upyrnoc. l{aiK,nhlti cncTo

no.n coe,nHHHeTCR c 2"-qioTOYMHOJKHTeneM (XP2020). BpeMem10c pa:1peme1me 

COCTaBJIHeT 1.4 HCeK (a). Ha pHc. 15 !10J{a3a!la Tpae1nopHH 3JIC!{Tpo11a llhl-
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1 · ', 

a) 

He drift. 

Pttc. 15: )leTeKTHpy10man tJaCTh ycTaHOBKH SINDRUM II: a) n npoemurn x-y. 

b) B npoeKUHH z-y. YcTaHOBKa cocTOiiT HJ cne,ny10m11x tJaCTeii: Ti- MmueHh, tJe

peHKOBCKHH ro,nocKon, CUHHTHJIJIHUHOHHblH ro,nocKon, CO2- .npewcponan KaMepa, 

He- ,npeiicponan KaMepa. 

xo.nnman HJ THTaHoBoii MHIIIeHH H ,nena10man TpH o6opoTa B ,neTeKTttpy10mew 

tJacTH ycTaHOBKH SINDRUM II. 11Mnynhcnoe pa3peIIIeHtte B ycTaHOBKe SIN

DRUM II ,nJIH noJHTpoHoB c HMilJJihCOM 69.6 M3n/c, nony'IeHHblX OT pac

na.na 7r+-,e+ve 6eJ noTeptt 3HeprHH B MHIUe1rn, panHo 0.43 M3n/c (a), a 

.D;JIH 3JieKTpOHOB rrpouecca µ---e--KOIIBepCHH -1 M3B/c (a). 86% 3JieKTpOHOB 

npouecca µ- --e- -KOHBepcHH .D;OJIJKHbl nonacTb n HMilJJibCHblH HHTepBaJI 11p E 

(98.5 M3B/c, 105.0 M3n/c]. 

Ha pttc.16 noKaJaH HMilJJibCHblH cneKTp 3JieKTpOHOB, HH.D;yUHpoBaHHblH 

MJOOHaMH nytJKa tt noJiy'IeHHblH Ha KOHetJHOM 3Tane o6pa6oTKH. Ha pttc.16( a) 
noKaJaH HMilJJibCHhlH crreKTp 3JieKTpOHOB B HHTepBaJie [70 M3B/c, 120 M3n/c]. 

Ha pttc.16(b) ,naHa 6onee ,neTaJihHaH KapTHHa crreKTpa B .nttana~oHe [90 M3n/c, 

120 'M3B/c]. Ha pttc.16(c) npttne.neH cneKTp HMnynhcon, nonytJeHHhIH MO

,nenttpoBaHtteM MeTO.D;OM MoHTe-Rapno. Ha pnc.16(b) noKaJaHbl. co6blTHil: c 

p < 98 M3n/c, BOJHHKIIIHe nocne pacna.na MJOoHa Ha op6ttTe. 11:CK~JKeHHe cneK

Tpa HHJKe 80 M3n/c nponcxo.nttT Ja ctJeT yMeHbIIIeHHH aKcenTaHca cneKTpoMe

Tpa. RaK noKaJaHo Ha pnc.16., B HHTepnaJie !1p He ua6n10,nanocb HR o,nuoro 

co6bITHH, a Bhlllle .nttanaJOHa !1p npHCJTCTByeT TOJibKO o,nuo, KOTOpoe MOJKeT 

6b!Tb OTHeceHO K KOCMH'IeCKOMY <poHy. Cpe,ntt co6blTHH, 3aper11cTp11poBaHHbIX 

npH pa6oTe ycTaHOBKH 6e3 nytJKa, co BpeMeHeM pa60Thl 55% OT BpeMeHH 3Kcno-

3HUHH npouecca µ- --e- -KOHBepcHH, IlOCJie o6pa60TKH C orpaHH'IeHHHMH ua KO

CMH'IeCKHH <pOH, ocTaJIHCb JIHIIIb 6 co6b!THH, nonaBIIIHX B ,nttanaJOHe [70 M3B/c, 

120 M3B/c], H TOJihKO o,nuo 113 HHX HMeeT HMnynhc 6onee 100 M3n/c. OcHOBhl-

22 

~ 
> 
~ 800 
IT} 
0 400 
& 

a) Data 

~ 0 [ ✓• I I I I I I I '?:-rt I I 

~ 70 JP--,··-·····-90 100 110 . 1io 
gJ .......... -•·"'"' : 

20 
b) Data 

10 

0 
92 96 100 104 108 112 116 120 

:1.'" 
c) J.L° ➔ e· Monte Carlo 

B =5· 10·11 
j1e 

I ~ .. :, 
92 96 100 104 108 112 116 120 

Electron Momentum [MeV/c] 

Pnc. 16: OKoH1IaTeJibHblH pe3JJibTaT 3KCnepHMeHTa no noHCKY 

µ-->CKoHBepcHH. a) CneKTp HMITJJibCOB 3JieKTpoHoB. b)RapTHHKa pacTHHY

Toro ,nttanaJoHa crreKTpa HMITJJibCOB OT 90 M3B/c ,no 120 M3B/c. c)11MnyJibcHblH 

cneKTP 3JieKTpOHOB ,nJIH npouecca µ- -,e- -KoHBepcHH, nonyqeHHhlH no MeTo,ny 

MouTe-Rapno B cnyqae OTHOCHTeJibHOH nepoHTHOCTH Bµe = 5 • 10-11
• 
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BaJICI, Ha 3T0H lffi<pOpMa:u;ID1, B lffiTepBaJie .!1p M0rJIH 61,1 0}l{H.l{aTbCH 0.6 ± 0.6 

co6hITHH. 

CyMMapHoe 'IBCJI0 MIO0H0B, 0CTaH0BHBilIHXCH B MHIUemr, N µ,- stop'= ( 4.23± 

0.32) . 1012, aRceJITaHC ycTaH0BRH Aµ,e = 0.376 ± 0.022 H cyMMapHaH 3cpcpeR

THBH0CTI, c:f:t = 0.386 ± 0.032. TaR RaR HHRaRHX cofo.ITHH rrpouecca µ- -e
-R0HBepcHH He 6hIJIO Haii.n:eHo, TO noJiyqeH0 BepXHee orpaHHqeHHe .l{JIH 0TH0-

CHTeJII,HOH Bep0HTH0CTH rrpouecca µ--e--R0HBepcHH 0TH0CHTeJibH0 aaxBaTa 

MIO0Ha B THTaHe 

Bµ,-+e < 4.4 x 10-12 (90% C.L). 

B ITHTOH maBe rrpHBe.n:eHo o6m;ee 0ITHCaHHe 3RcrrepHMeHTa PIBETA. 

YcTaHOBRa npe.l{HaaaaqeHa .l{JIH yny'IlIIeHHH T0qff0CTH H3MepeHHH Bep0HTH0CTH 

6eTa-pacrra.n:a ITHoHa (1r+-1r 0 e+ve) c 4% .n:o 0.5%, qTQ B CB0IO oqepe.l{b noaBo

JIHT· c,n:eJiaTb rrpoBepRy rHIIoTe3hl coxpaHeHHH BeRT0pHoro T0Ra H YHHTapH0CTH 

MaTpHUhI cMeIIIHBamm (Cabbibo-Kobayashi-Maskawa) na H0B0M ypoBHe . .LJ;aao 

rro.n:po6Hoe 0ITHCaHHe 0CH0BHhIX MO.n:yJieii: ccpepHqeCRoro 3JieRTp0MarHHTHoro Ra

JI0pHMeTpa, coa.n:aHHoro H3 'IBCThIX RpHcTaJIJI0B Csl. 

240 pure Csl crystals 

Length: 22 cm (12 AL) 

9 different shapes: 

·♦ 1 pentagon'"'! type 

• 4 hexagonal types 

• 2 half-hexagons (Trapezoids) 

• 2 veto types 

\, 

PHc. 17: 9JieRTpoMarHHTHhIH RaJiopHMeTp ycTaH0BRH PIBETA. OH co.n:eplRHT 

240 Mo.n:yJieii:, Ra.JR.l{I,IH H3 R0T0phIX C'IBThIBaeTCH <poTOYMHOlRHTeJieM. RpaeBhle 

cqeT'!HRH BeTO (20 IIITYR) onpe.n:eJIHIOT rpaHHll;y 0TRphIT0H CT0p0HhI. Mem.n:y 

M0.n:yJIHMH HMeeTCH aaaop B 200 µm. 3aaop aanoJIHeH o6epTOqffl,IM MaTepHaJioM, 

B R0T0phlii: aaBepHyT Raffi.l{l,IH H3 .n:eTeRT0p0B. 

9RcnepHMeHT PIBETA ocHoBaH Ha perHcTpaIUlli pacrra.n:oB rroR0HilIHXCH 

IlH0H0B. l1HTeHCHBHhIH HH3R03HepreTHqeCRHH rryqoR 1r+(l-2 X l061r /eek) 0CTa-
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HaBJIHBaeTCH B aRTHBHOll Mttllleirn, c.n:enamrnfi HJ T0HRl'lX CUl'lHTHJIJil'lpyIOI.Ul'lX B0-

JI0K0H. CttrHaTypa 1r/3- pacrra.n:oB .n:aeTcH napofi raMMa KBaHT0B, B03Hl'!Kllll'IX l'l3 

1r0 -pacrrana ff DhIJieTalOI.Ul'lX 8 npoTttB0II0JI0}l{HhIX nanpaBJieHl'IIIX. fa1,n.rn KBaHThl 

perHCTpttpyIOTCH B 3JleKTpoMarHttTH0M Ka11opttMeTpe l'l3 qHCT0ro Csl. I{anoptt

MeTp HMeeT ccpepuqeCKyIO cpopMy H C0CTan11eI1 H3 yceqeJiHhIX HenpaBl'!JlhHhlX IIIe

CTttyromHhIX tt npaBHJihHhIX IIIITl'!yroJibHhIX nupaim.n: (pttc. 17). BhICOTa :-.rnny

Jiell KpttcTa11110B Csl-22 cM, HJitt 12 panttauuoHHhIX nnun. BnyTpeHHttfi panuyc 

KaJiopttMeTpa -26 CM, a BHeIIIHl'lll -48 CM. l111cpopMaUHH, no;ryqeuuan B KpHCTaJI-

11ax, cqHTh!BaeTCH <poTOYMHO}Kl'!TeJIHMl'l C KBapuenh!Ml'l 0KHatm. IloJHTpOHhl OT 

6eTa- pacnana IIH0Ha TaK}Ke perHCTpttpyIOTCH BIIYTPl'l aKTl'lBHOll }.!Hllle!ltt. 

Puc. 18: CxeMaTwiec1mn nttn ycTaH0BKtt PIBETA . 

9RcrrepttMeHTaJibHaH yCTaH0BKa pttc. 18 conep}Kl'IT c11eny10rntte 0C!I0B!lh!C 

K0MII0HeHThl: 

• CqeTqHRH nyqKa, aRTHDHhlll JaMeJJ;JittTeJib l'l aRTl'lBHYIO Ml'IUIC!lh JVIH 0CTa

H0BKH Ill'I0H0B C ueJihlO paane11eHHH MIO0HHh!X l'l II03HTpOI111h!X npm.1ecett 

nyqRa. 

• .l];ne MnoronpononoqHhle nponoputtmianhnhle uaMeph! (MWPC), oKpynrn

IOll{tte auTHBHYIO MHlllellb BIIYTPH Ra11op11MeTpa, JJ;JIH perucTpau1111 aapH-
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ffieHHofi qacnnw. MWPC cnoco6Hhl onpe.11.eJIMTb Koop.11.MHaThl 3apRffieH

Hofi qacTMII,hl c TQqH0CTblO nyqrne 1 MM u o6ecrrequaaJOT DhlC0KYJO CTeIIeHb 

rro.uanneHMR cnyqafiHhlX conrra.ueuutt co6hlTMH crreKTpa MurneJI)!. 

• CerMeHTMponaHHhlH IIJiaCTlfqecm-itt cqeTqlfK aHTMCODIIa.11.eHMH ( veto 

counter), 0Kpyffia10umtt MWPC DHYTPM KanopuMeTpa. Ero ua3uaqeuue-

3q>q>eKTMBHaR M.11.eHTMq>MKamm C06hlTMH, Dhl3BaHHhlX 3apRffieHHOH qacTM

uett. 

• BhlCOKOcerMeHTMpoDaHHblH fihlcTphlfi JIMDHeDhlH KaJiopttMeTp M3 J{pttcTaJI

JIOD quCToro Csl c DhlCOKMM pa3perneHMeM, c rroqTM ccpepuqecKofi reo

MeTpttefi, C .11.BYMR OTKphlThlMM qacTRMM .UJIR BX0.11.a rryql{a M cqMTbIDaHMR 

.uaHHhlX C BHyTpeHHMX .11.eTeKTOpOB, OKpyffiaJOIUMX aKTMDHyJO MMilleHb. Ero 

poJib-.11.eTeKTMpoBaHMe .11.BYX raMMa KDaHTOD OT pacrra.11.a 1r
0 M II03MTpOHa OT 

pacna.11.a 7r+ -e+ Ve. 

• CqeTqlfKOD aIITMCOBIIa.11.eHMH DOKpyr Dcefi yc-raHODKM .11.JIR ycrpaneHMR co-

fih!TMM, Dhl3DaHHhlX KOCMMqecKMMM nyqaMM. 

qMCThlM CsI 06na.11.aeT BajJ{flbJMM rrpettMymecTBaMM, KoTophle .11.MKTYJOT ero Dhlfiop 

B KaqecTBe MaTepMaJia .11.JIH KaJiopMMeTpa: OH MMeeT MeHbllIYJO pa.11.MalllfOHHYJO 

.11.JIMHY, qTo 03HaqaeT, qio o6'beM KaJiopMMeTpa .11.JIH 3KcrrepttMeIITa IIMOHHOI'O 

6eTa-pacrra.11.a MeHhrne o6'beMa TaKoro-.JKe KaJiopttMeTpa, c.11.eJiaHHoro M3 BaF2 • 

OH MMeeT MeHbllIYJO IIJIOTH0CTb, qTo IIpMD0.11.MT K MeHbilleMy Decy KaJIOpMMe

Tpa. qMCThlfi Csl MMeeT 6oJibllIYJO .11.JIMHY H.11.epHoro B3aMMo.11.ettcTDMH u, cne.uo

naninhuo, 6y.11.eT MeHbIIJe a.11.poHHhlX D3aMMO.ll.eHCTBMH D MO.UYJIHX KaJiopttMe;rpa. 

,l(JIH .11.eTeKTOpOB 3JieKTpoMarHMTHOro KaJIOpMMeTpa 0.11.HMM M3 aaffiHhlX xa

paKTepMCTMK HBJIReTCH OTHOilleHMe fihICTpott KOMIIOHeHThl K o6meMy CDeTODhlXOJ1.Y 

E/TI . .l(JIH Mo.11.ynett KaJiopttMeTpa ycTaHoBKM PIBETA fihlJIM rroJiyqeHhl peKop

.11.Hhle pafioque xapaKTepttCTMKM E/TI ~ (75 - 85)% (cM. puc. 19), Heo.11.Hopo

.11.uocTh CBeToc6opa MeHee 3%, qTo o6ecrrequaaeT BhlCOKYJO Toq~ocTb M3MepeHMR. 

J{JIH xopornero 3HepreTttqeCKoro pa3perneHMR KaJiopttMeTpa E/TI .11.JIH Kaffi.11.oro 

M0.11.YJIH .11.0JIH{HO 6hlTb 70% MJIM Bhlille ( CM. pMC. 19). Pa3Mephl M3roTODJieH

HhlX Mo.uynett 6hlJIM Bhl.11.epffiaHhl n rrpe.11.enax mecTKMX .11.orrycTMMhlX rrorpellIHOCTefi 

(Koop.11.MHaThl DepllIMH: 300 MKM, yrnhl coce.11.HMX CTOpOH: ±0.25°, yrJihl npoTM

DOilOJIO}l{HhlX CTOpOH: ±0.008°) OT TeopeTuqecKMX pa3MepoD. C6opKa CeKillfM 

KaJiopMMeTpa M3 12 Cs! KpMCTaJIJIOB 6h!Jia pa3Memeua Ha nyqKe Il03MTpOHOB C 

3Heprneif 70 M3B. M3MepeHHoe 3HepreTuqeCKoe pa3perneHMe ~ 5% (FWHM) 

xoporno coana.11.aeT c DhJIIHcJieHMeM no MoHTe-Kapno (cM. puc. 20). 
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Pn:c. 20: 8KcnepHMeHTaJII,HhlH n: npoMo.n;elliipoBaHHLIH cneRTp e+ c 3Heprn:eH 

70 M3B noJiyqemmH Ha c6opRe H3 12 RpHcTaJIJIOB Csl 

B 3aRmoqeHHH Cq>OpMyJin:poBaHLI OCHOBHLie pe3ym,TaThl pa6oTLI:. 

1. C yqacTHeM aBTOpa pa3pa6oTaH H C03L(aH BIIepBLie B MHpe UHJIHHlipH

qecRHH cneRTpoMeTp APEC lIJIH n:crne.n;oBaHHH pe.zµrnx pacrra.n;oB Ha Me-

3ommx q>a6pHRax. .ll:JIH cneRTpoMeTpa APEC aBTopoM pa3pa6oTaHa n: 

" C03L(aHa BalKHaH qacTh ycTaHOBRH-UHJIHH;n;pn:qecRaH CHCTeMa CUHHTHJIJIH-

UHOHIThIX cqeT~OB. Pa3pa6oTaHLI yHHBepcaJihHLie aJirOpHTMLI H rrpo

rpaMMLI MOL(elliipOBaHHH H o6pa6oTRH 3RCIIepHMeHTaJihHLIX .n;aHHLIX Ha 

ycTaHOBRax, HMeIOIUHX UHlliiH.ZJ:pn:qecRyIO reoMeTpHIO, II03BOJIHIOIII.He C .n;o

CTaTO~OH TO~OCThlO H rn:6ROCThlO yqn:TI,IBaTh pa3Jlli~YIO reoMeTpHIO, 

IIOTepn: 3HeprHH Ha HOHH3aUHIO, MHOrORpaTHOe pacceHHHe qacTHU, Bem:e

CTBO .n;eTeRTOpOB ycTaHOBRH, JIOrHRY 3anycRa, nepeMeHHOe MarHHTHOe TIOJie 

H MaTpn:qHI,IH 3JieMeHT pern:cTpn:py10m:ero npouecca. 8TH nporpaMMLI n:c

nom,30Balliicl> B 3RCIIepHMeHTe TIO IIOHCRY pe.n;RHX pacna.n;oB MIOOHOB H IIH

OHOB Ha ycTaHOBRe APEC. 
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2. 

3. 

Ha ycTaHOBKe APEC Ha oc11one cTaTl1CTl1Kl1 ocra11on11B!ll11xc11 u 1111me1111 

1, 1 · 1012 7r+ - Me30HOII IIOJIY'!CHLI Ba}!UlhJe 3KCIIepm,Ie11TaJJhHL1e peJyJJhTaTLI, 

a HMeHHO: 

a) 06Hapy}Ke110 8 pacrranon 1r+ -+e+ Vee+ e- 11 Bhl'll1CJleHa napu11aJihHaH 

nepoHTHOCTh 3Toro pacnana Ja cqer HaJI11•11111 CTpyKrypLI 1111011a R = 
(4.6 ± 1.6 ± 0.7) · 10-10 . 

6) 113MepeHa nepoHrnocrh pacnana µ+ -+e+ Vev-;,e+ e-. 3aper11cTp11ponaHo 

44 pacnana µ+ -+e+ Vev-;, e+ e-, '!TO COOTBeTCTByer OTHOCl1TeJJhHOH nepOHT

HOCTl1 R = (3.l ± 0.5) • 10-5 , 11 cornacyeTcH c reoper11qecKofi oueHKOH 

R = 3.54 · 10-s. 
n) c11e11aua oue1ma nepxueii rpa1111u1,I oT11oc11reJ11,11oti 11epoHTHocT11 pac

rra.n;a µ+-,e+ e+ e- Ha ypoBHe R < 3.6. 10-11 , '!TO COOTBCTCTByeT yponmo 

M11pOBLIX ll0CTH}KCHl1H. 

Ha OCHOBaHl111 Ha6paH1!0H B 3Kcrrep11Me11Te 7r+ -+e+ Vee+ e- CTaTl1CTl1Kl1 

aBTOpOM IIOJ1yqe11a nepXHJIJI rpaImua OTHOCl1TCJlhIIOH BepOHTHOCTl1 Janpc

J)lel!HOfO JaIWHOM coxpaHCill1JI J)CIITOIIIIOI'O '!11CJJa pac11a;ia 7r+ ~ I'- c+ e+ v,, 
Ha yponHe llOCTOBepHOCTl1 90% 

Br= f(1r+-+ µ- + 2e+ + V1,) < 1.6. 10-6. 
f(1r+-+ µ+ + v1,) 

8Ta ouenKa Br B 5 pa3 YJJY'!lllaeT oueImy, nnep111,Ic c11eJiaI111yI0 pa11ce 

anTopoM B .Lly6ne 11 HBJIHCTCJI e11m1cTI1el1HOH. 

4. Paccqn:TanarromrnHnepoHTHOCTI, pacrrana R(1r+-> 11+c+c-v1,) = lV(1r+--. 
µ+e+e-vµ)/W(1r+ -+ µ+v1,) ;::: Rrn = 0.;J;J · 10-n. npoM~JlCJ111po11a11 

H npellJIO}KCH 3I{CIIep11MeI1T 110 ·113yl!eHmo 3TOro pacrrana 11a yc.TaHOBI,P 

APEC. 

5 . .ll:eTaJJl>HO HCCJie11onaHbl CU11HTHJIJJHU110HHLie CIIOHCTBa 11 pa6o•me xapaI{

TepHCTl1R11 KpHCTaJIJIOB '!HCTOro Csl 6oJJhllll1X pa3Mepon. I1:1,up11cTaJJJIOB 

'111CTOro CsI anTOpOM BIIepnble C03llaH 3JICKTpOManmTilblH uaJIOp11MCTp C 

60JJhlllHM aucerrTaIICOM, C IIOMOlllhlO ){OTOporo 11JleHTl1q>11lll1PY<'T('JI a1111ttr11-

JIHUHH_ aTOMHLIX II0311TpOHOII OT pacrranon aHTl1MIOOIH-IJI. I1.:1y•1P1ihl PJ'O pa-

6oqn:e xapauTep11cTmm. B cocTaBe KOJI11a6opau1111 anTopoM co311aIrn 3Jff

nep11MeHTaJihHaH ycTaHOHRa ll1IH 11CCJICllOBaimtt JarrpelllCIIIlhlX Jal{OHOM co

xpaneHHJI JieIITOHHoro '!11CJia rrepeXOllOB MIOOHl1JI B aI1Tl1MIOOIIl1H ( Al - JI). 
Ka11op11MeTp HBJineTcn OCHOBHOH qacThio ycTa11011K11 M Al. 

6. n poneneHLI H3MepeHl1H BepOHTHOCTl1 ncpcxona MJOOIIl1H II al!Tl1MIOOHl1H 

( M - M). TiocJJe o6pa6oTJm rro11yqeIrnLix 11a111Ib1X Bhl'll1CJJcm,I 11epxI111e 
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rpamulhl .ll]IJI neponTH0CT.11 I{0HBepcm-1 11 I{0JICTaHThl CBHJH: 

P.wM < 7.9 · 10-9 

GMM < 1.8 · 10-2 GF 

(90% C.L.) 

(90% C.L.) 

,.,_ 

:ho orpallH'-ICHHe .llJlfl nep0JITH0CTH rrepexo.lla MJO0HHJI B aHT.11MIOOHHH 
( M - M) n ~ 50 paJ rrpenocxo.ll.11T JIY'-Illlee n M.11pe. 

7. Tip.11 yqacTHH anrnpa coJ.llatta ycTaH0BHa SINDRUM-II, rrpe.llnaJHa'-IeHHa11 
.llJIH rroHCHa rrpouecca µ-e H0HBepcHH. AnTopoM pa3pa60Tana H COJ.lla°Ba 
ro.l{0CH0fIH'-IeCHaJI CHCTeMa CUHHT.11JIJIJIUH0HHhIX ClJeTlJ.111{08 .llJIH ycTaH0BHH 
SINDRuM-II. Ha ycTaH0BHe SINDRUM II n uacrnnmee npeMn c.lleJiaua 
ua11Jiy'-Illlan ouenHa nepxueti rpattHUhl neponTH0CTH 6e3netl:Tp11unoti µ-e 
H0HBeprn.11 Bµ-e < 4.4 X 10-12 (90% C.L) . 

8. B MacconoM rrpoHJB0.llCTBe ocnoeua Tex1rnnor11n rronyqe1mn HpHcTaJIJI0B 
'-IHcToro CsI c rapaHTHponaHHhIMH napaMeTpaMH . Mo.llyJI11 3JICHTpoMa
ru.11rnoro Hanop11MeTpa (240 lllTYH) ycTaH0BH.11 PIBETA, C0J.llaHHhle an
TopoM, HMeJOT peH0p.llHhle pa6oq11e xapaHTepHCTHHH: 0TH0llleH.11e CBeTo
BhIX0.lla 6h!CTpoii H0MfI0HeHThl Ii IT0JIH0My, B /TI ~ (75 - 85 )%, He0.llH0P0-
.llH0CTb c6opa cneTa Me11ee 3%. Anrnp JIBJIHe'rcn yqaCTHHH0M HHHU.11aT.11-
BHhIX rrpoeHT0B ycTaH0B0I{ rrpe.llHa3Ha'-IeHHhIX .llJifl pa6oThl C 6oJiblll.11MH .1111-
TeHC.11BH0CTHMH ( ~ 107 c 1 ). 9rn ycTa11onH.11: MM (R-89-06.1,PSI,1989), 
PIBETA (R-89-01,PSI,1992), KT3n (Kaons at the TeVatron, collabo
ration at Fermilab, FERMILAB-94/418), ETA (LNS-284), rrpe.llCTannn
JOIUHe co6oJO 11onoe ·Hanpanneu.11e n MeT0.ll.11He 3Hcrrep.11MeHTa. Tio npe.ll
JI0HWH.11!0 anTopa Hanop.11MeTp.11n 3JieHTp0MarHHTl!hIX JIHBHeH B 3THX ycTa
ll0BHax ocymecTBJIHeTCJI C fI0M0lllb!O HpHCTaJIJI0B '-IHCT0ro Csl. TipH'-IeM 
B 3THX ycTaH0BHaX IipHCTaJIJlhl lJ.11CT0ro Csl JIBJIJIIOTCJI OCHOBHOH qacTb!O 
.lleTeHTopa. 
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