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TeopeTHlIeCKHM 06ocHoBaHHeM 3ICcnepHMeHT8 SlBJUleTC.sJ. fHnOTe3a cymecTBoBaHH.sJ. 3JIeMeH­
TapHblX 1:IaCTHU CPaMHJJOHOB ex. , OTBeTCTBCHHblX 3a HapyrueHHe roPH30HTaJIhHOR CHMMeTpiiH ce­
MeRCTB nenTOHOB. CymeCTBOBaHHe TaKHX \faCTHU ;:ton)l(HO npHBeCTH K6e3HeifrpHHHblM, pacna,uaM 
neDTOHOB THDa t~IJex.. t ~ea. H J..t~ea.. Ha nyqKe MIOOHOB CPs30TPOHa.IDlI1 011.51'1 rOTOBHTC.sI Ie 

nOCTaHOBKe 3KcnepHMeHT no nOHC,KY pacna.a8 J..t+.Me30Ha Ha n03HTPOfi H cpaMHJlOH. YCTaHOBICa 
«llAMJ11IOH CMOHTHpOBaH8 Ha nyqICe «nOBepXHOCTHLIX» MIOOHOB YCKopHTeAA, BhlOOJIHeHbI 
MeTOLl,H1:IeCKHe H3MepeHIDI. B pa60Te ODHeaR8 nOCTaHOBKa 3KcnepHMeHTa $AM.HJ10H, 
npUBe.neHhI pe3YJIhTaTbI MO.lle.l1HpOBaHH.fI npouecca npOXO)K.neHWl lap.sJ.)I(eHHLIX 1:IaCHIU B MarBUT­
HOM CDeKTpoMeTpe. 

EXPERIMENT FAMILON. STATEMENT OF THE PROBLE~IMULATION 

V.A. Andreevll, V.A. Gordeev l 
), K.E. Gusev, V.S. Demidov, E.V. Demidova, A.A. ZhdanoY'l, 

Yu.V. Elkin l), E.M. Karase~\ E.N. Komaroyl), A.G. Krivshich l 
), A.Yu. Sokoloy, 

N.A. Khaldeeva, Yu.P. Shkurenko, G.V. Sherbakoyl}, V.V. Janovsky!) 

Theoretical substantiation of experiment is the hypothesis of existence of elementary particles 
familons ex. , responsible for breaking of horizontal symmetry of lepton families, Existence of 

such particles should result in neutrinoless decays ofleptons t~J..tex., 1: -7eex. ,H Il~ea.. Experiment 
for seeking of Il+ decay iQt6.positmn and familon is prepared on muon beam of the phazotron 
LNP JINR, Installation F AMILON is mounted at the beam of "surface" muons, methodical meas­
urements have been carried out already. In this paper statement of experiment FAMILON is de­
scribed, results of simulation of passage of the charged particles in a magnetic spectrometer are 
presented. 
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BBe.n:eHHe 

Pa3BHTHe TeopHH 3neMeHTapHliIX lfaCTHll 3a npe)lenhl CTaH)lapTHoH Mo.uenH yr­

palfHBaer B03MO>KHOCTH cBoeH np.JIMOH npOBepKH H BhlH)'iK,llaeT 3KcnepHMeHTaTOpOB 

HCfIOnb30Ba'fh KOCBeHHhIe Mero,QbI H3yqeHH.JI q.H3HKH CBepXBhlCOKHX 3HeprHH. Ta­

KHe MeTO,QhI npeliMyw.eCTBeHHO CB1I3aHbI C pe,llKHMH npOlleccaMH, npmfcxOASIlUHMH 

C.JIBHhlM HapyweHHeM nenTOHHoro H 6apHoHHoro lfHcen. B nenTOHHOM cenope 

np06JJeMa HapYllleHHJI CHMMeTpHH CB.JI3aHa C B03MO)KHhIM HecoxpaHeHHeM I10KOJle­

HHH JIenTOHOB,T.e. C HecoxpruteHHeM nO-OT,!l;enhHOCTH 3neKIpOHHoro, MlOOHHoro H 

Tay-nenToHHoro 3apJl,/lOB. B ,cnY4ae. HapyweHIDI rn068Jl'bHOH CHMMeTpHH nOKone­

Hldi SU(3)H npe.LllIonaraeTcSI CYll(eCTBOBaHHe6e3MaCCOBblX "IaCTHU, ,Ha3B8HHhlX 

q.aMHJJOHaMH. B MOAenH, npe,nnOJKeHHOH B 1983 r. AHcenhMoM A.A. Ii YpMhlle­

BhIM H.r.[l] , H8pYllleHHe CHMMeTpHH nOKOneHH" npHBo,QHT K npe,QcKa3aHHJO CHHr­

neTHOrO <p8.MHnOHHOro CQCTOSIHIDI a. )J,am..Heifwee pa3BHTHe 3Ta Mo.uenh nony"lHI18 

B pa60Tax [2-5]. 

B nocne,QHHe rO,QhI HecoXpaHeHHe I10KOneHHH nenTOHOB B HeihpHHHOM cercrope 

WHpOiCO o6cyxc,naeTCJI B CBJl3H C yrBepQeHHSlMH 0 CyII.\eCTBOBaHHH HeHTpHHHhIx 

OCUHJlJ1JlUHH '8 nO)l3eMHhlX .3KcnepHMeHTaX C aTMoc4>epHLIMH Hejh:pHHO. TeOpeTH­

"IecKHe MO,QenH CBSl3h1B8lOT. 34>4>eKTbI CMeWHBaHH$I MaCCHBHblX HeihpHHo C B03­

MO>KHhIM cytUeCTBOBaHHeM6e3HeHTPHHHhIX pacUa,QOB3apSllKeHHbIX nenTOHOB, T8­

KHX KaK paCI18,llbl J.t -7 e y,. 1l-7~ ~e IfJIH ),l -7 e - KOHBepcIDI B JI,zq>ax, Ha KOTopbIe 

HMeIOTC.JI >lCeCTKHe 3KCftepHMeHT8J1bHhIe orpaHH"IeHIDI: Br(JJ -7 e y) < 4.9-10. 11 
, 

Br(J.1 -7 3e) <1.0.10.12 
, Br(J.1 -7 e - KOHBepcHH) <4.4.10. 12 [6]. 3KcnepHMeHTMbHble 

orpaHHQeHH.JI H8 BepO.JITHOCTb paCfIa,QOB C HeCOXpaHeHHeM nerrrOHHhlX nOKoneHHM 

11 -7 e a H l' ~ f.l a 3Ha"lUTenbHO cna6ee, H nOUCK 3THX pe)urnx npoueCCOB HMeeT 

60nbWHe npeHM}'llleCTBa C T04kU 3peHM TeOpeTHl.feclCHX MO)lenen, H3yqalOlllHx 

B03MOX<HyK> npHpO)ly CHMMe1'pHH nOlCOJIeHHH H MeXaHU3M:bI ee HapyweHHJI. 
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lI.e1!blO 3IeCnepHMeHTa .JlBJUleTCSl nO'HeK 6e3HeifrpHHHlJX pacna,nO'B MIOO'Ha Ha 

nO'3HTpO'H H q.aMHnO'H (J.t 7 e + a), 3~cnepHMeHT 6Y.ller npO'BO'.llHTbC.Sl Ha nytiKe 

«nO'BepxHO'CTHldX» MIOO'HO'B Ha q.a3O'rpO'He JIJITI OI1..HH Ha YCTaHOBKe 

<l>AMI1JIOH. 

HJ:les JKCnepHMelIT8 

KOHuenUHH 3KcnepHMeHTa pa3pa60TaHa B llH7.I«l> [7]. nOHCIe .llByxqaCTH'lHhIX 

pacna.noBMIOO'~a Ha n03HTpO'H Ii 6e3MaCCO'Byro qaCTRllY (q.ftMHnO'H) CBO',lUITC.Jl Ie 

aaanH3Y' BldCO'K03HeprWiHO'H tfaCTH cneKTpa nO'3H1'pO'HO'B O'T paCna,ltO'B MIOO'Ha nO' 

O'CHO'BHOMY IeaHany J.l 7· e DU. npSlMO'e a8fimo.1leHHe MO'HO'Xp0MaTHQeCKOH JIHHHH 

O'T pe.1lKO'ro pacna.na J.l ? e a Ha .pO'He pacna,na ~l 7 e uu nO'MHMO' TO'rO', liTO' Tpe­

6yer npHMeaeHIDI MarHHTHO'rO' cneIcrpO'Merpa C BbICO'KHM p83peweHHeM nO' 3Hep­

fHU, CB.SI3aHO' H C rpY.1lHOCT.JlMH a6CO'JUOTHbiX H3MepeHHH ($OHOBhle C06hITH.Jl, pac­

ceSHRe H Jlp.) If npe.llCTRBMeTC.SI ICpmHenpo6neMRTHl:JHhlM. O,llHaKO MHOfHX TPY,ll­

HO'CTeR MO')J(HO Hl6e>KaTh, eCJlH liccne.llO'BaTh pacna.nhl nO'IDIpH30BaHHhlX MIOOHOB Ii 

aHaJIH3HPO'BaTb 3HeprerH"lIeCKHe H yrnO'BJde pacnpe.D;eneHIUI nO'3HTpOHOB. Ha pHC. 1 

nOKaJaHO' pacnpe,lleJleHHe nO'3HrpO'HO'B nO" yrny Me~y HanpasneHHeM ,llBH)J(eHHH 

nO'3lITpO'Ha H CnHHO'M MIOOHa,llmI HCCne.llyeMO'rO' H O'CHO'BHO'rO' pacna.noB. EcnH B 

nepBoM cJlyqae HMeer MeCTO H30Tp0nHO'e pacnpe,lJ,eJIeHHe nO'3HTpO'HOB, TO' 80' BTO'­

PO'M- ;.; pe3KO' BhlpWKeHHaJI aCHMMerpIDI BhInerR n03H1'pOHOB OTHOCHTeJlhHO' HanpaB­

JleHH.SI cnUHa MIOO'Ha, CB.SI3aHHWI C aeCO'XpaHeHHeM qeTHOCTH. OrclO.1la CJIe.llYeT, "liTO' 

$O'H 0'1' O'CHO'BHO'rO' pacna,aa 3HatfHTeJlbHO' MeHbwe .1lIDI.nO'3H1pO'HO'B, BbIDeT8:IOIllHX B 

CTO'poHy, npOTHBO'nO'JlO'>KHyro HanpaBJIeHHJO CUHHa MIOOHa, qeM ,Illlil JII06D1X )lpyrHx 

HanpasneHHH. 

31CcnepHMeHT8JlbHO' H~e9: O',llHO'BpeMeHHO'rO' aHanH3a 3HepreTH'1eCKO'rO' H yrnO'BO'­

rO' pacnpe)leneHHH peanH3yerca Cne)lYlOlUHM 06Pa30M. MMnyJlhC nO'3H1PO'Ha H3Me­

paeTC9: npeQH3HoHHblM MafHHTHblM cneI<1pO'MeTpoM C paJpemeHHeM nO' 3HeprHH 

http:JleHH.SI
http:npe.llCTRBMeTC.SI
http:C06hITH.Jl
http:pacna.na
http:CBO',lUITC.Jl
http:npO'BO'.llHTbC.Sl
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nOp.8,l1.l<a 10-3
, a)].JVI aHaml3a KOppeIDIlJ,HH Me)f(.llY HanpaBneHHeM cnHHa J.1-Me30Ha H 

n03HTpoHa Hcnonh3YeTCR cTaH)J.8pTH8R J.1SR - TeXHHK8 [8]. CneKTphl npeueCCHH B 

nepneH,l(HKYn.RPHOM MarnHTHOM none cnHHa nonRpH30BaHHoro MIOOH8, OCTaHO­

BHBwerOCR B MHweHH H3 BemeCTBa C BbJCOKOH lliIOTHOCTblO :meKTpoHoB npOBo,llH­

MOCTH (c ItenblO upe,llOTBpameHHR ,llenOJlKpH3aUHH 38 C'ieT 06p830BaHIDI MIOOHHR), 

aHMH3HpyIOTCR I<al< CPyHKUHR 3HeprHH n03HlpOHa. EcnH pacua,obl' 

J.1 ~ eo. cymeCTByIOT, TO 3TO npHBO,llHT K pe3KOMY YMeHbweHHIO K03<p<pHUHeHTa 

aCHMMeTpHH B6JlH3H BepXHeH rpaHHUhI cneKTpa MHmeJlll [7]. Cn.eJlYeT 3aMeTHTh, 

qTO B TaKoM nOCTaHOBKe 3KcnepHMeHTa CHCTeMaTHQeCKHe HeOnpe.lleneHHOcTH CBO­

,ll.RTCR I< MHHHMYMY, TaK KaK Bce J.1SR- cneKTpbl HafiHpaJOTCR o.llHoBpeMeHHo. 

YCTaHOBlCa fbAMHJIOH 

CxeMa YCTaHoBKH npe.ncTaBJleHa Ha PHC 2. OCHoBHhle .3neMeHThl YCTaHOBKH 

OnHC8Hhl B pa6<rre [9] .. 

YCTaHOBKa pacnonmKeHa H8 nyqKe «nOBepXHOCTHhIX» MIOOHOB C KHHemqe­

CKOH 3Hepflfeif 4 M3B, nonyqaeMhlx OT pacna,oa rt-MelOHOB, OCTaHOBHBWHXCR B 

nOBepXHocTHOM cnoe Me30HOO6pa3yIOmeH MHllleHH. 

B BepxHeti 'iaCTH PHCYHK8 npe)J.cTaMeHa CHCTeMa MafHHTHhIX 3neMeHTOB ,lln.R 

JlSR-aHaJlH3a rxpouecca Jl ~ e - pacna,lla, COCTORmaJI H~ ,llBYX uap Koneu 

fenbMfonhua )].JVI C03.llaHH.R cKpemeHHLIX MarHHTHbIX noneH B.l.=0+500 fc H 

BII =0+1000 fc H rPex nap KBa,llpaTHbJx. KaTyweK .AnK KOMI1eHC8UHH paCCe.RHHhIX 

MarHHTHbJX nOl1ei! B MeCTe pacnOnO>ICeHHR MHweHH. 

CneK1J>OMeTpw~eCKH:H MarHHT HMeeT .llHaMeTp nonlOCOB 80 eM H BenH'iHHY 3a30pa 

MelK,llY nOJllOCaMH 24 CM. [lone B ueHTpe MarHHTa - 3 Kfc. 

KOOp.llHHaTHO-JlereKTHpyJOmyJO qaCTb MafHHTHOfO cneKTpoMeTpa COCTaBJllIlOT 

CUHHTHJIIDIUHOHHbJe CqertIHKH CI-C6 H nponOpUHOHaJlhHble KaMepbI OKl-TIK4. 
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Cqe'rqHKH BIUlKrqeHhI B CHCTeMY 6hICTpOrO (H8HOCeKYH)lHOrO) oT60pa C06hITHJI 

Tpe6yeM()H KOHQmrypaUHH, KOTOPaJI 06eCneQHBaeT $OpMHpOBaHHe TpHrrepHOrO 

CHrHaJIa. CHCTeMa Koop.nHHaT Bhl6HpaeTCSI TaKHM 06PaJOM, LITO OCb X HanpaBJleHa 

~O. cpe.nHeMY HanpaB1IeHIfIO rr03HTpOHOB, Z HarrpaBneHB: BBepx, a Y Ta}<, QT06h1 CHC­

TeMa KOOp.nHHaT 6L1Jla npaBoH. Y-Z 1IJ10CKOCTI1 nponopUHoHMbl;lhIX KaMepHMelOT 

mar 2 MM npH 3830pe 4 MM H palHOe LIHCJIO KaH8J]OB B 3aBHCHMOCTH 01' palMepa. 

KaMephl ilK1 Ii nK2 paJMepoM 200x200 MM HMelOT no 192 KaHMa; KaMepbI TIK3 Ii 

I1K.4 palMepOM 350x350 MM HMelOT no 352 KaHMa Ka>K.ll:aSl. ,[(.iuI pa6011:.J KaMep HC­

nOJIh3YeTCJI MafHqeCKaJI CMeCb Ar(75%)+C4H IO(24.7%)+xna)loH13B 1(0.3%), KOTO­

p3..Sl roTOBHTCJI B, CneUHaJIbHOH f830CMeCI1TeJIbHOH YCTaHoliKe, 06eCneQl1Bruomeii 

3
IlPOH3Bo)].HTellhHocTh )].0 200 CM /MHH CMeCH. 

3lleKTPoHHKa YCTaHoBKH <l>AMIUIOH (pHC.3) BbInonHeHa B CTaH,L{apTe KA­

MAK H HMeer nporpaMMHoe ynpaBJIeHHe LIepe3 nepcoHaJlbHbIH KOMIlhlOTep THna 

Pentium-II. licnoJIh3yeMhle I1HTep<peHcHble cpe.nCTBa - KOHTpollnephl TH.na A2. npH­

BO.nhI BeTBH H IlpSIMoe conpIDKeHHe HHl'ep<peHca KOMnblOTepa C KOHTpOJIJIepOM K16 

- o6ecnellHBalOT B03MO)l(HOCTh pa60ThI C yp.aneHHhIMH .no 100 M Kpeli1'aMH. TIPH 

-JTOM BpeMJI BbinOllHeHHSI O.nHOH onepaUHlt COCTaBllJIeT 30 MICe, 111'0 B yenoBHlIX sa· 

mero 3KcnepHMeHTa He orpaHHqHBaer CKOPOCTH Ha60pa CTaTHCTHKH, T.K. MaKCH­

MWlbH3..Sl HHTeHCHBHOCTb none3HhlX C06hITHH COCTaBJIJIeT 100 C-I. 

3nelCTpOHHKa CqHThIBaHHSI npOnOpIJ,HOHaJIhHhlX lCaMep BbInOllHeHa B BH,lle Me:>­

)lyneH, Ka>K)lhIH 113 KOTOPhlX CO.nep)l(HT 32 palpJI,lla 1.JTeHHSI COCTO)lHHH KaMephl. JIo­

I'HKa pa60Tbl 3JleKTpoHHlCH aHanOfHqHa JIOfHKe, peaJIH30BaHHoH B YCTaH08Ke 

MAr[lO]. 'Oco6eHHocTblO CHCTeMbI npHeMa H 3anOMHHaHHJI HH<popMaIJ,H'H ~BJl~eTC~ 

TO, qTO OHa nocne Ka)l(,l{OfO UlIKJIa perHCTp8UHH pa60Taer HenpephIBHO .no npHxo.na 

TpHn'epHOf'O CHf'Hana. CHf'HaJI C Ka){(}lOH npOBO~OqKH IIocrynaeT B 03Y eMKOCTblO 

16 paJPll)l.OB. AJ:tpec JILIeHKH 03Y H3MeH)leTC)I C qaCTOTOH 25 Mr~. TaKHM o6pa30M, 

B K8JK)lbIH MOMeHT BpeMeHH B CHCTeMe 3anOMHHaHHJI co,nep)ICHTCa. HH$opMaUHJI 0 

16~TH COCTO)lHHlIX Ka){(}lOH npOBOJIOLIKH, OT,neneHH.bIX .npyr OT .npyra HHTepBanoM B 

http:paJPll)l.OB
http:npHxo.na
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40 HC, TalC 'ITO BpeMJI llaMJITH, 03Y COCTaB.JlJleT 640 HC. TpHrrepHhlH CHrHaJI OCTa­

HaBJIHBaeT UHKJJH'IecK)'1O 3a1lHCb, :meK'rpoHHKa 06eCne'lHBaer C'IHThIBaHHe HHtPoP­

MalJ,HH C npoBOJlOlfeK nponOpUHOHaJlbHbIX KaMep B 3BM~ nOCJIe qero UHKJlH'IeCK8JI 

3anKCb B HlfeHlCH 03Y B0306HOBJIHeTCIl ~O npHXo~a cne.llyromero TpHITepa. 

ilporpaMMHoe o6ecneQeHHe ON-LINE peanH30BaHo BCHCTeMe WINDOWSc 

co6nlO.lleHHeM TeXH0J10rHH 06DeICTIlO-OpHeHTHpOBaHHOro' ·npOrpaMMHpOBaHHJI. 

OHO BblllOJlHjle'f cne.nyJOmHe (j>yHlCUHH: 

ynpaaneHHe nO.l1.rOTOBKOH .3KClIepHMeHTOB; 

TeCTHpOBaHHe nO~CHCTeM YCTaHOBKH H CHCTeMbl B uenOM; 

ynpaaneHHe HaKOflJIeHHeM HH(j>opMaUHH B ~.KCnepHMeHTax; 

yIIpaBJIeHHe on-line -·o6pa60TKoii B 3KcnepHMeHTax; 

oroop no napaMeTpaM H' oro6pIDKeHHe 3KcnepHMeH'f8JIhHOH HHcpopMaUHH 

H pC3ynhTsToB on-line - 06ps6oTKH; 

oroop no napaMeTpaM H npOCMOTp H3MepHeMoii HH<popMallHH off-line; 

0'f06p8lICeHHe TpeKOB H pe3YJl:hTaTOS 06pa6OTKH on-line Hoff-line. 

PC3ynbTHpyromee 6:hICTpO.lleHC1'BHe annapaTyp:hI H lIporpaMMHoro 06eCneQeHHJI 

COCTaBJIlIeT 300-1000 C06bITHH 'B ceKY~Y H 3asHCHT OT l{Hcna cpa60TasillHx npOBO­

JlO'leK. 

OCHOBHhlMH 3a,n;aQaMH OFF-LINE nporpaMM SlanHeTCSI BOCCTaHoaneHHe 3HepnIH 

n031ITpOHs no .naHHhlM nponopUHOHaJl:hHhIX KBMep H (j>oPMHpoBaHHe BblXOJlHOro 

MaCCHBa .llaHHblX B <popMaTe NTUPLE '.llJIH IIpOBe.lleHHJI CT8THCTHlJeCKOH H <pH3HLje­

CKOH 06pa60TKH. 

KOMn:hIOTepHoe 06eclIeQeHHe 3lCcnepHMeHTa Cl>A.MHJ10H npe.l1.CTaanHeT C060H 

pacnpe.lleneHHYIO no JilHCTH-ryTIlM-yq8CTHHKaM 3KcnepHMeHTa COBOKynHOCTh 3BM, 

CBSl38HH:hIX CeThlO HHTEPHET, C KOHueHTpaUHeH HH(j>oPM8llHH B llH.H4>. Or,neHb;o 

Hhle KOMllblOTephl B HHCTmyrax )J,OJI)I(HhI HMeTb 0,lUfH8KOBhIe Ha60phI Cnel{HaJIH3H­

pOBaHHblx nporpaMM o6pa6oTKH 3KcnepHMeHTaJIhHOH HH<PopMaUHH. 
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AnnapaTypa B QenOM CMo.HTHPo.BaHa Ha nytIKe MlOo.HDB,· npDBepKa ee pa60To­

CnOC06HDCTH npOH3Bo.)lHnaCh B DTJIa,nOQHOM ceaHce H8 yOKOpHTene. nO. pe3ynhT8­

TaM ceaHca[11] H KDMnblOTepHo.fD MD,l(enHpOsaHIDl B paMK8X n8:KeT8: GEANT-3.21 

c..popMynHpDB8HO TeXHH1ieCKDe 3a,n8HHe H8 ,l(DyKOMnneKTOBaHHe 'ycraHoBKH )lOnDn­

HHTeJILHblMH yCTpOHCTBaMH, KDTopLle D6ecneQ8T 6o.nee BLlCOKyIO TO'lHo.CTh H3Me­

peH1UI .3HepfHH D03HTpOHOB. ' 

MO,lleJlHpOBaRHe ycraRoBKH WAMHJIOH 

KaK 6bIJIo. o.TMe'leHo. BbIllIe, MeTO)lHQeCKH 3a,naqa nOHCKa 6e3HeihpHHHblx pac­

na,uOB MlOo.Ho.B CBo.)lHTCH K H3MepeHHIO :1HepreTHQeCKOH 3aBHCHMOCTH aCHMMeT­

pHH yrnoBOro. pacnpe)leneHHH Do.3H1pOHOB DT pacna,na MlOo.Ha BfinH3H BepXHeH 

rpaHH.Qbl cneKTpa MHmeIUl (Em=52.83 M3B). CneQHqmKa 3KcnepHMeHTa 3aKIJlOt{a­

eTCH B TOM, tITo. -rpe6yeTCSI H3MepHTbHMnynbChi MJlrKHX no.3H1pO.HOB C nOMo.lU,hlO 

MarHHTHo.f'o. cneKTpo.MeTpa, 't{To. HaKJla,nhIsaeT onpe.neneHHhle o.rpaHH't{eHHJI Ha 

KOH<pHrypa.QHIO YCTaHo.BKH. 

qeJJhlO Mo..lI.eJ1HpoBaHHJJ HBJIlIeTCHo..QeHKa BnHJlHIUI sew;eCTaa Ha nyrH no.3H'IpO­

Ho.B (Bo.3,Ayxa, npo.Bo.no.t{eK, C.QHHTHnruno.poB H up.) Ha To.t{Ho.CTh H3MepeHHJI' HX 

HMnynbcoB H o.nTHMH38UIDI pacno.nOlKeHIDI .lI.eTeKTo.Po.B B YCTaHo.BKe)lJIH )lOOTH­

)KeHBs{ MaKCHMaJlhHo.H 3HepremlJeCKo.H To.t{Uo.CTH H 3<p4>eKTHBHOCTH perHCTpa.QHH 

n03H'Tpo.Ho.B. B KalJeCTSe 6a3o.BblX HCXo..lI.HhIX )laHHbIX B npo.rpaMMyBBo.,llHJ1HCh 

pa3MepbI MarHHTa, Kap-ra M8:rHHTHDro no.JIJI, KDHCTpYKQHH 6no.KDB npo.no.P.QHo.H8J1b­

HbIX K8Mep, o.THDCHTeJibHo.epaCno.nD)f(eHHe MarHHTa H MHmeHH. 

ilorpeumoCTb H3MepeHIDI HMnyJIbCa p nD3H1po.Ha onpe,l(eJ1HeTCH, B o.CHOBHo.M, 

no.rpemHOCTblO B H3MepeHHHero. HanpaSJleHHSI 1\0 MarHHTa H 38 HHM no. KOo.P,llHHa­

TaM cpa60T80WHX npOBOno.lfeK npo.no.Puuo.H8nbHbIXKaMep if lauHCHT o.T BeJIHlJHHhl 

Illara h, C Ko.TDPblM paCno.nmKeHbI CHfH8J1bHhle npOBo.JIo.QKH B Ko.o.PJlHHaT.HblX nJlOC· 

Ko.CTHX, H OT paCCTo.2HIDl Xn Me>I\JI.y nnOCKo.CT2MH KaMep. B Kat{eCTBe OTHo.CHTeJIb­

http:nD3H1po.Ha
http:HCXo..lI
http:lI.eTeKTo.Po
http:Em=52.83
http:GEANT-3.21
http:KDMnblOTepHo.fD
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HOH nOrpeWHOCTH npHMeM BeJIHlIHHY crp/p, r,lle crp - Cpe,llHee !CBa,LJ,panI'IHOe OTKJIO­

HeHHe. 3aBHCHMOCTb nOrpeWHOCTH B H3MepeHHH HanpaBJJeHHSl n03HTpOHOB C 8M­

nYJJbCOM 52.8 M3B B Ba!CY)'Me OT paCCTOSIHIDI Xn npt!. h=2 MM fJOK83aHa y6bJBalO­

rueH IlYHKTHPHOH KpHBOH Ha pHc.4. B peanhHbJX YCJlOB8SlX 3KcnepHMeHTa OCHOB­

HblM rPaKTOPOM, npHBO.lVllllHM K YBeJIHlieHHIO 'norpewHoCTH, SlBJlJleTCJI MHorOKpaT­

Hoe paCCeJlHHen03HTpOHOB B BemeCTBe yC'raHOBKH. 3aBHCHMOCTh Cpe.llHero yrna 

MHorOICpaTHoro paCCeJlHHJl n03HTpOHa OT ero np06era B B03.llyxe nOK33aHa Ha PH­

CYHKe 3Be3.ll01lKaMH, COe.llHHeHHhIMH B03paCTalOmeH KpHBOH. CyMMapHM norpew­

HOCTh !CalC cpe,llHee reOMeTpHllec!Coe 3THX ,nBYXCOCTaBMlOI.14HX npe,llCTaBneHa 

CunOlllHOH ICpHBOH, !COTOPM HMeeT WHPOKHHtylHHHMYM B paHoHe 10-18 CM. no­

BH,nHMOMY, .llM ,nOCTH)KeHH,R MaKCHMWlbHOH TOt{HOCTH B H3MepeHHH HMnynbca no­

3HTpOHOB, paCCTO.HHHJI Me)l(,}:{y OJJOK3MH nponOPQHOHaJIbHLIX KaMep ,no MarHHTa H 3a 

HHM .llOJDKHLI 6h1Th IlOpJI,llKa 20 CM B cJlyqae, ecnH Me)l(,}:{y KaMepaMH B03.llYX. 

,lJjIg oueHKH npe,neJIbHOii TOqHOCTH B H3MepeHHH HMnYJILCa n03HTpOH3 6bUl0 

BLIllOJIHeHO MO,lleJIHpOBaHHe perHCTpaUHH B KaMepax MOHOXpoM3THliecKHx n03H­

TpOHOB C HMnynLcaMH 52.8M3B. (MaKcHMYM B cneKTpe MHweJIJI) 8 51.8 (Ha 1 

M3B MeHbwe) npH YCJIOBHH, liTO Ha nyrH n~HTpoHoB HeT BemeCTBa. Pa3HOCTb KO­

OPMfH3T Y TOlfeK nepecet{eHIDJ n03HTpoHaMH yK~aHHLlx HMnynbcoB nJlOCKOCTH 

KaMepbI nK4 COCT3BHJla 37 MM. OTcJO)la nOJIY'lHM K03<l><l>HQHeHT nepec1.JeTa 01' TOt{­

HOCTH H3MepeHIDI KOOp.llHHaThI K TOl{HOCTH H3MepeHWI HMnyJIbCa, OH COCTaBJUleT 

0.027 M3B/MM. 

QTo6bl oueHt!.Tb BnH.HHHe BeWeCTBa B YCTaHOBKe Ha TOqHOCTb H3MepeHHJl 8M­

nYJIhCa, MO,llenHpOBanacb perHCTp3UHSl M~HoxpOMaTHqeCKHX n03HTpoHoB C MaKCH­

MWlLHOH 3HeprHeif B cfleIcrpe MHI.UeIDI ,nIDI P33JIHqHLIX BapHaHToB KOHqmrypaU;HH 

YCTaHoBKH. Ha pHc.5 nOKaJ3HhI pacnpe,neneHHH n03HTpoHOB no Koop,!{HHaTe Y B 

unOCKOCTH nK4 t{IDl Tpex CJJyqaeB: a) YQHTblBalOTca TOJIbKO KOHCTpYKUHoHHble Ma­

TepHWlLl, 83 KOTOPhlX H3rOTOBJIeHbl nponopUHOHWlbHble KaMepbI, a BCH YCTaHOBKa 

HaXO.llHTCH B BaKYYMe (CunOWHaJI JIHHt!.H), 6) BaKYYM TOJIbKO BHyrpH MarHHTa (TOt{­

http:oueHt!.Tb
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KH), 8) BCR YCTaHOBKa pa60TaeT 8 B03.n:yxe (nYHlcmp). BH.n:HO, tfro OCHOBHO~ BKJIa,ll 

B pa36pOC KOOp.n:HHaT BHOCHT B03.n:yx'. 

AHaJlOf'W-IHhle paC"qeTbI 6hl.flH BblnonHeHbl eIlle .n:JUI .n:Byx cnY'"laeB: ecm:! Bce npo­

Me>KyrKH MeiK,l.(Y KaMepaMJi 3anOJIHeH.bI renHeM If ecnH BHyrpH MarHHTa pacnorro­

'lKeH BaKYYMHhlH KO~, a OCTarrhHoe npocTpaHCTBO YCTaHOBKH 3anonHeHO renHeM. 

AHarrH3HpYJI pe3YJIhT8T.bI MO.LlenHpOBaHIDI, MO'IKHO norryqHTb oueHKH TOllHOCTH 

H3MepeHH-'I HMnYJIhCOB n03HTpOHOB B pa3nH"qHblX KOHqmrypal.lIDlX YCTaHOBKH. fIPH 

3TOM 38 Mepy TOlJHOCTH B H3MepeHHH HMnynbc8 npHHHMaJIHCh cpellHeKBa.n:paTH lJ" 

HLIe OTKJIOHeHIDI 8 pacnpe,lleneHHXX IIO KOOp.n:HHaTaM Y TOlJKH nepeCelJeHHR n03H­

TpOHOM nnOCKOCTH KaMepbl llK4 (pHC.S), H3Mep-'lIOIl(eii ropH30HTaJIbHYIO KOOP,IlH­

HaTy. 0pHBe.n;eM HaH60nee 88)I(HLle pe3ynbTaTbl. 

Ilpe.n:enhHa-'I TOllHOCTh, KOTOPa-'l MO'IKeT 6h1Tb ,IlOCTHfHyra npR H3MepeHHH KOOp­

.n;HH8T C ,lJ,HCKpeTHOCThlO h=2 MM B fHnOTeTH'leCKOM H,lJ,earrbHOM cnyqae, KOf,Q8 Ha 

nyrH n03HrpOHOB HeT BemeCTBa, G'p = 0.025 M3B ruTH ,Qn-'l M8KCHMYM8 cneKTPa 

MHmeJIJl csr/P:::J 5.104
. 

MaKCHMaJlhHO ,IlOCTIDKHMWl TOtIHOCTh C nponopUHoHaJIbHblMH KaMep8MM .naHHoH 

KOHCTpyKUHH (c onpe.neneHHhlM KOJ1HlleCTBOM BemeCTBa Ha nyrH n03H1'pOHOB) npH 

ycnoBHH, tITO BCg YCT8HoBKa nOMell(eHa B aaKYYM, COCTaBAAeT aplp ~ 2.5·10'). 

EcnH . ·B03.nyx OTKa'laTh TOllhKO BHyrpH MarHHTa, TO norpemHOCTb B H3MepeHHH 

HMllYJ1hCa B03paCTeT.n:o or/p ~5·10-3. 

ECJIH BCIO H3MepHTenhHyIO tJaCTh YCTaHOBKH 3anonHHTh remleM, TO TOlJBOCTL 

ynyqmHTc-'I .n:o ar/p~3, 10.3• 

B cJIyqa~, KOf.n:aBCJI YCT8HOBK8 H8XO.n:HTC5I B B03.Llyxe, ar/p ~ 9· 10.3. 

OO-BH,llHMOMY, OnTHMaJIhHhlM }lBIDIeTC}I B8pHaHT, KOr,lla H3 BaKYYMHoro KO'IKyxa 

OTKatfHBaeTC-'I B03.n:yx, a OCTarrhHoe n,pocrpaHCTBO 3anOJIHReTCg reJlHeM. B 3TOM 

cllyqae aplp ~2.6· 10.3• Ha pHC. 6 nOK83aHLI 'I'paeKTOpHH 50 n03H1'poHOB C 3HeprHeH 

52.8 ¥3B ,nIDI TaKoH KOHlimryp8UHH. 

http:pe3YJIhT8T.bI
http:3anOJIHeH.bI
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OI'MeTHM, qTO peanbHaJI TOt{HOCTb H3MepeHIDI HMnYJlbCOB 6Y.lleT HecKOJlbKO Bbl­

we, T.K. npHBe,lleHHhle o~eHKH C,IleJIaHhI no KOOp,llHHaTaM TOJlbKO O,llHOH KaMepbl, a 

npH BOCCTaHOBJJeHHH HMnyJIJ~COB yqHTblBBlOTCH KOOp,llHHaThI, no KpaHHeH Mepe, B 

,IlByx KaMepax. 

,naJlbHeHWee ysenHt{eHHe rot{HOCTH H3MepeHWI HMllynLcoB B03MO)l(HO JIHWh npH 

TaKOM YCOBepweHCTBOBaHHH KOHCTpyKUHH KOOp,llHHaTHbIX ,lleTeKTOpOB, KOTopoe 

npHBe,lleT K YMeHbweHHIO KOJlHqeCTBa BemeCTBa Ha nyrH n03HTpOHOB. 

Ba)l(HhlM napaMeTpOM 3KcnepHMeHTa HBJUleTCH 3q,q,eKTHBHOCTb perHCl-paUHl1 no­

3HTpOHOB B 3aBHCHMOCTH OT HX 3HeprHH If ymoB Bhll1eTa. OHa TaKiKe BhlqHCJJJlnaCb 

MeTO,llOM MOHTe-KapJlo ,IlJUI omHManbHOH KOHtPHrypaUHH YCTaHOBKH. TIpe,llnona­

ranOCh, '1TO n03HTpOHbl BblJIeTaIOT 83 MHWeHH H30TponHO B yrJIe ,ll0 8° , a cneKTp 

n03H'TpoHoB onHChlBaeTCH IP)'HKIUfeH MHweJUl. PaCCMaTpHBanaCb qaCTb cneKTpa B 

HHTepBane 35-52.8 M3B. 3<p<peKTHBHOCTh KaK <PYHKUHS ,llsyx nepeMeHHblX - HM­

uynLca n03HTpoHa H yrJla BhI11eTa H3 MHUJeHH - onpe,lleJlHJlaCh KaK O'fHOlUeHHe qUC­

Jla C06blTHH ,llB}'MepHblx rncTorpaMM O,llHa nOC1-poeHa ,IlJlH 1I03HTpOHOB, 3aperH­

C1pHpoBaHHhlx B KaMepax TIK2 - llK4, .llpyrax -,llJUI n03HTPOHOB, BWleTalOIUliX li3 

MHweHH. Ha pHC. 7 UOK83aHLI 3aBHCHMOCTH 3<p<peKTHBHOCTH OT HMnyJlbCa n03H­

TpOHa ,llJlH pa'3JlHQHhlX yrJlOB BhlJIeTa (0° (CfIJIOlliHaJI JlHHIDI), 2° (nYHKTHp), 4° (TOQ­

KH), 6o
(w1pHX-nYHKTHp) H 8° (cnnOWHaB nHHHlI)). 11:3 pHCYHKa BH,AHO, '{TO :JQlQleK­

THBHOCTb perHCTpaUHH n03HTpOHOB C HMnynbcaMH OT 45 M3B )l0 MaKCHManbHoro 

3HaQeHWI He onYCKaeTCH HIDKe 0.5 BnnOTh.110 6°. 

DnH)I(aHillaJI 38.lla'1a tPH3HQeCKHX HCCne,llOBaHHH HB YCTaHoBKe <l>AMI1JIOH 

(2004-2005 rr.) - Ha Cy:IJ.leCTBYIOIUeii annapaType nonyqHTb nepByID npHMyID 3KC­

nepHMeHTanbHyID oueHKY Ha BepoHTHoCTh 6e3Heii1:pHHHoro pacna.na MIOOHa Ha 

http:pacna.na
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ypOBHe Ra=r(J.l ~ e a )/r( J.l ~ e uu) :~;;I 0.5 (300 qaCOB Ha60p8 CT8THCTHKH Ha 

£ly'iKe «noBepxHOCTHbIX}} MIOOHOB <p830TpOHa MIl OJUIJiI). 

).:(anbHeHrnce P83BHTHC 3KcnepHMeHTa CB1I3aHO C C03.l{aHHCM MarHHTHOrO cnCK­

1poMeTpa C3HepreTHtIeCKHM p83pcrneHHeM ~ 10.4 
H BpeMeHHblM p83perneHPlCM 

0.25 HC. B03MO.iKHLIH, npoeICI TaKoro cneKTpoMerpa paccMoTpeH B pa60Te [12]. Oc· 

HOBHblMH .neTCKTHpyromHMM 3J1eMeHTaMH' 'npe,nJlaraCMOH YCTaHoBIGI .SIBJlllCTClI aK­

THBHM MHWCHL Ha OCHOBC nJlOCKOnapaJlJleJIhHblX JIaBHHHbIX .LtereKTOpOB .l{IDI perH­

C'rpauHH TOl.fKH OCTaHOBKHMJOOHa H BpeM.SInpOCKQHOHHaJI KaMepa B MarHHTHOM no­

Jle,n:JUI H3MepeHHlI KpHBH3Hbl TpeKanO'lHTpOHa. B npHHU:Hne, TaKWI 8nnapaTypa no­

3BOJlHJIa 6bl HCCJle,nOBaTh npou:ecc I-l -7 e a Ha ypOBHe Ra ~3 10-8 
• 

3KcnepHMeHT BbIUOlIHJleTCJI B paMK8X CJIe,n:YIOI..UHx nporpaMM: It;eJleBOM HayY.HO· 

TeXHHl.feCKOH nporpaMMhI POCCHH «liCCJle.nOBaHHSI Hp83pa6oTKH no UpMopHTeTHhlM 

HanpaBJICHH.SIM 'HayxH If TeXHHKH rpIDl<',llaHCKOro H83HatICHH.SI», nO.l{nporpa'MMa 

«<I>yH.l{aMeHT81IbHaJI Sl.D.epHag <PH3HKa», npoen «<1>H3HK8 pe)lKHx np0iJ;eCcoB»; IIp'o­

rpaMMbI PAH «HeiiTpHHBruI $H3HKa»; npoeKTa P<1><1>H (rpaHT 99-02~19943-a); H 

IlporpaMMhI nO,lJAep>KKM Be.nyllI.Hx HaytIHblX wxbn POCCMH (npoeKT 99-02·18540a). 

1. A.A.·AilcenhM, H.r. Ypanhu;es,)lC3T<1> 84, 1961 (1983) 

2. A.A AHCeJlhM., H.r. YpanhiJ;eB, MJO. XrronoB,5I<1>, 41, '1678 (1985). 

3. Z.G.Berezhiani and M.Yu.Khlopov, Z.Phys.C. 49, 73 (1991) 


4..M.Yu.Khlopov and A.S.Sakharov, iilProceeding of i-st International conference 


on cosmopartic/e physics "Cosmion '94" 1 Moscow, Ed. by M. Yu.Khlopov, 


M.E.Prokhorov, A.A.StarobinsA.y, J. Tran Thanh Van. (Editions Ftontieres, 1996) p. 


273. R<l>, 57(4),690(1994) 

5. K.M.BeLotsky, M.Yu.Khlopov, A.S.8akharov, A.A.8hklyaev, andA.L.Sudarikov, 

Gravitation & Cosmology. 4, Supplement, 70 (1998). 

http:Be.nyllI.Hx
http:H83HatICHH.SI


11 

6. K.Hagiwara et al. (Particle Data Group), Phys.Rev. D66 (2002). 
7. B.A. fOp.lleeB, ilpenpHHT N2 1077, J1IDl<1> (JIeHHHrpa,n, 1985). 

8. B.A. fOp.lleeB, ,[lOIcroPCKaJI .llHCCepTau.H.9, JIeHHHrna,ll (1990) 

9. B.A. fOp.lleeB, B.A. AH.llpeeB, B.r. fpe6HHHHK H .llp. llpenpHHT 2380, llHJItl> 

(faTQHH8, 2000). 

10. M.n.Ee3yrJlOB, E.T.liorAaHoB, E.B.EbICTpHUKa.9 H .llp. nT3 1,13 (2002). 

11. B.A. fOp.lleeB, B.A. AHApeeB, B.f. fpe6HHHHK H.llp. HaytlHaR ceccWl MH(JJH ­

2002. C60PHUK Hay~Hblx mpyoo6. ( M.: MH<l>H, 2002), C. 17. 

12. V.A.Andreev, D.V.Balin, V.N.Duginov et al. Preprint 2405, PNPI 

(Gatch ina, 2001). 



12 


Puc 1. YrnoBoe pacnpe.a.eneHHe n03H1'poHOB OTHOCHTeJ1bHO HanpaBneHHSI 

CllHHa MIOOHa ,nJ1H paCna,llOB fl -7 e UU Ii fl -7 e a 
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PMC. 3. DJlOK-CXeMa :~meK1poHHICH YCTaHOBKH <l>AMl1JIOH 
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PacCToHHHe MeJKAY KaMepaMH, eM 

PRC. 4. 3aBHcHMoCTb norpelUHoCTH B H3MepeHHH HanpaBneHHR n03HTpoHOB c :mep­

rHeB Em 52.8 M3B OT paCCTO.HHHH X MC)I(.D:Y flJIOCKOCT3MH perHcTpal..U1H. IUrpHxo­

BOH HHHMeD nOKa3aHa TOQHOCTb .H3MepeHMH B BaKYYMe. WTpHX-flYHK'THPHOH no­

rpemHOCTb, 06YCJIOBneHHaH MHorOKpaTHblM pacceRHHeM, CnnOllHaH 11HHB» no­

rpelIIHOCTb B peMbH.bIX ycnoBHSIX 3KcnepHMeHTa. 
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Pac. 5. Pacnpe.n.enelplSl n03IfIPOHoB no KOOPJlHHaTe YB KaMepe IlK4 J.VUI,-pex cny­

QaeB;1pH ~epbl(I~2,3 1:14) pacnOJlOXCeHbI B BaKyyMe(cnnolllBaJI JIHHIDI), BaKy:­

YM TOJII>KO BHyfpH MarmtTa(roIlKH) H KaMepLI HaXO.lVlTCJl B B03JXYxe (nymmq». 
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PMC. 6. Pe3ynbT3Thl Mo,uellHpOBaHHSI. TpaeKTOpHH n03HTpoHOB C :;meprHeH 52.8 M3B 

B YCTaHOBKe £l>AM.l1lIOH. 
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Pac. 7. 38BHCHMOCTb ~KTHBHOCTH pef'HCTpauHH n03HTpOHoB OT HX HMnyJILC08 

.nIDI rurrH 3HaQeu:aQ yCJIOB BWleTa (OO(CWlOlllHWI JIHHIUI), 2° (nyH~p). 4o
(TOtIKH). 

6o(n:rrpHX-nyaKTHJl) H8° (CWlODlHWI JIHHlIJI». 


