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YYeHblH ceKpeTapb ,ll111ccepTa41110HHoro coBeTa 

AOKTop cp1113111KO-MaTeMaTl/l'-lecKI/IX HayK IO.A.5aTycoa 

O51..UAfl XAPAKTEPI/ICTI/IKA PA5OTbl 

AKTyaJihHOCTh. I1ccJ1e)l,0BaH1Ie o6pa30BaHII.H 0'IapoBaHHbIX qacnrn, 

B a)l,p0HHbIX B3aIIMO)l,eHCTBlUIX II B 'laCTHOCTII II3J'leHIIe 9HepreTII'leCKoii 

3aBIICIIMOCTII Ce'leHII.a .HBJI.aeTc.a 0)1,HOii II3 aKTJaJJbHhIX 3a)l,a'l COBpe

MeHIIOH <pII3IIKII. O6nacTh aHeprnii ycKopIITen.a Y-70 I1<I>B8 (ITpoT

BIIHO) rrpe)l,CTaBJl.aeT oco6uii IIHTepec, IIOCKOJlbKY II03BOJI.HeT II3J'laTb 

pO)K)l,eHIIe O'lapoBaHHbIX 'laCTIIIl, B OKOJIOIIOporoBoii 06J1aCTII 9HeprIIii 

(yls = 11, 5 faB), r)l,e CJIO)KIIBIUa.ac.a 9KCIIepm,IeHTaJlbHa.a CIITyau,II.a 

rrpoTIIB0pe'IIIBa, a TeopeTII'leCKIIe ou,eHKII Ce'leHII.a HaII6onee 'IJBCTBII

TeJlbHbl K rrapaMeTpaM MO)l,eJJeii KX,II.. O)1.HIIM II3 rrepBhIX aKcnepII

MeHT0B no II3MepeHIIIO q~qenII.a po)K)l,eHII.a oqapoBaHHhIX qacTIIU. npII 

:rneprIIII rrpoTOHOB 70 raB 6bIJI 9KCIIepIIMeHT C IIOJIHbIM rrornoIII,eHil

eM rrpoTonnoro rry'IKa (beam-dump 9KcrrepIIMeHT), BhIIIOJIHeHHhiii Ha 

IICKp0B0M crreKTpOMeTpe I1T8<I> [l]. O)1.HaKo II0JIJ'leHHbie ou,eHKII ce

'leHII.a He 06J1a)l,aJ1II )l,OCTaTO'IHOii TO'l~OCTbIO. ,Il.pyroii pe3JJlbTaT 6bIJI 

rronyqen KOJ1J1a6opau,IIeii BI1C-2 [2] c IICIIOJlh3oBanneM 6e3<pHJlhMOBoro 

MarHIITHOro crreKTpOMeTpa. B HeiiTpOHHOM IlJ'IKe rrpu MeHbIIIefi 9Hep

rIIH HeiiTpOHOB ( 40-60 raB) IlOJIH0e Ce'leHIIe o6pa30BaHII1l oqapoBaHHhIX 

qacTIIIl, 3Ha'lnTeJlbHO rrpeBbIIIIaJIO KaK cyIII,eCTBJIOIII,He 9KCIIepIIMeHTaJlb

Hbie 3Ha'leHn.a, TaK II 3Ha'leHHe TeopeTH'leCKII rrpe)l,CKa3bIBaeMoe B paM

Kax rrepTyp6aTIIBHoii KX,II.. TaKoe necooTBeTCTBIIe Me)K)l,J H3Mep.aeMbI

MII BeJIII'IHHaMU ceqeHHii JKa3bIBaeT Ha Heo6xo)l,IIMOCTb )l,OIIOJIHUTeJlb

HbIX, 6onee T0'lHbIX HCCJle)l,OBaHnii pO)K)l,eHu.a O'IapoBaHHbIX 'laCTHil, B 

o6nacTII aiieprufi 6nu3KHX K rroporoBoii. 

,IJ.pyroii Ba)KHhiii Bonpoc, KOTophiii 6bIJI nccne)l,OBaH B beam-dump 

9KCIIepHMeHTe, 9TO Borrpoc O cyIII,eCTBOBaHHH cna60B3aHMO)l,eiicTBYIOIII,e

ro neiiTpaJ1bHoro nerrToHa (T.a)KeJJoro ueiiTpHHo*). EcnII T.fl)KeJlbie neii

TpIIHO 1/H (v1' 1/2, 1/3, ••• ) cyIII,eCTBJIOT, TO OHH He o6.a3aTeJlbHO )l,OJl)KHbI 

C0BIIa)l,aTb C co6CTBeHHbIMH COCT01IHII1IMH 1// (ve, Vµ, 1/-r, ••• ) raMHJlb

T0HHaHa 9J1eKTpocJ1a6oro B3aIIMO)l,eiicTBH1l. B 9TOM cnyqae B03HHKHeT 

CMeIIIUBaHHe, KOTOpoe )l,OJl)KHO rrpHBO)l,HTb K p.a)l.y Ha6J110)],aeMbIX .HBJle

HHii. B qacTHOCTII, cna6b1e pacrra)l,hI 7r H K-Me3oHoB nap.a)l.y c JrnrKn-

*3,n:ecb 11 ,n:aJiee TepMllll "HdiTpmrn" OTHOCIITC.H KaK K HdhpHHO,TaK n K aHTll

He.ll:TpllHO, KpoMe Tex cJiyTJaeB, Kor,n:a Tllll He.ll:TpllHO YKa:3aH .HBHO. 
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MIi HeiiTpllHO MoryT conpoBO)KJJ:aThC.H II T.H)KeJihIMII HeiiTp1rno, pacna,Uhl 

KOTOphIX C o6pa30BaHneM e+e- -naphl MoryT 6h!Th 3aperucTpIIpoBaHhl B 

.ueTeKTope no xapaKTepHhIM 9JieKTpO-MarHIITHhIM JIIIBH.HM. 

B OCHOBY npe,ucTaBJieHHOtt .unccepTau:uu noJIO)KeHhl pe3yJihTaThl o6-

pa60TKII ,uaHHhIX, noJiy'IeHHhIX B beam-dump 9KCnepIIMeHTe Ha Hett

TpIIHHOM .n:eTeKTope H<I>B8-OH.HH. 

Il;eJib pa60Thl. 

Ou:eHKa nomrnro Ce'IeHII.H o6pa30BaHU.H O'IapoBaHHhIX 'IaCTIIU: B 

pN-B3anMo.n:eikTBII.HX npn 911epruu npoToHOB 70 f9B. 

TioucK pacna.uoB T.H)KeJihIX HeiiTpIIHO B HeiiTpIIHHOM ,ueTeKTOpe. 

YcTaHOBJieHIIe BepXHIIX npe.ueJIOB Ha 9JieMeHThl MaTpllU:hl CMeIIIU

BaHII.H T.H)KeJihIX II JierKIIX neiiTpllHO. 

Hayquan HOBH3Ha H rrpaKTHqecKaH u,eHHOCTb. 

TioJiy'IeHa Hau6oJiee TO'IHa.H ou:eHKa noJIHoro ce'IeHII.H o6pa3oBa

HII.H O'IapoBaHHhIX 'IaCTIIU: B o6JiaCTII 9Heprutt, 6JIII3KIIX K nopory 

IIX pO)KJJ:eHII.H. H3MepeHHOe 3Ha'IeHne MO)KeT 6hITh ucnOJih30BaH

HO ,UJI.H npoBe.UeHII.H COBMeCTIIOro TeopeTU'IeCKoro aHaJill3a 9KCne

puMeHTaJihHhIX .uanHhIX npu II3y'IeHIIII 9HepreTU'IeCKOii 3aBHCII

MOCTII Ce'IeHU.H o6pa3oBaHU.H O'IapoBaHHbIX 'IaCTIIU: B pN-B3aUMO-

.ueikTBII.HX. · 

TioKa3aHo, 'ITO .uaHHhie ll3Mepenutt noTOKOB paBHOBeCHbIX µ+ npo

TIIBope'IaT ou:enKaM noJIHoro II .uucpcpepenu:nanhnoro ce'Ienutt po

)KJJ:eHII.H D- u .D0-Me3oHoB, noJiy'IeHHhIM Ha ycTaHoBKe BHC-

2 [2]. TaKIIM o6pa3oM, yTBep)K.uenue 06.aHOMaJihHo 6oJihIIIOM ce

'IeHnn o6pa30BaHII.H O'IapoBaHHbIX 'IaCTIIII-B N N-CTOJIKHOBeHII~X 

B OKOJionoporoBott o6JiaCTII 9Heprntt He no,UTBep.UIIJIOCh. 

TioJiy'IeHbl orpaHU'IeHU.H Ha 9JieMeHTbl MaTplIU:bl CMeIIIIIBaHH.H 

IU1Hl 2 
.UJI.H MaJihIX 3Ha'IeHIIii Macchi T.H)KeJioro ueiiTp1rno. 

Pa3pa6oTaH nporpaMMHhiii MO.UYJih, no3BOJI.HIOIII.ntt onpe,ueJI.HTh 

3ap11.u MIOOHa II BOCCTaHaBJIIIBaTb ero IIMIIYJibC. Mo,uyJih BHe-
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.upeH KaK B nporpaMMHhiii KOMnJieKc npe.UHa3Ha'IeHHhitt .UJI.H off

line aHaJill3a ,uaHHhIX, TaK II B nporpaMMY on-line o6pa6oTKII IIH

cpopMau:uu. 

Arrpo6au,HH pa6oTbl H rry6JIHKau,HH. B .uuccepTau:uu onucanhI 

pe3yJihTaThl HCCJie.UoBanutt, BhIIIOJIHeHHhlX B Jla6opaTopuu 11.uepHhlX 

npo6JieM OH.HM c 1989 no 1997 rr; Pa6oThI, Borne.urnue B .uuccepTa

u:mo, .UOKJia,UhIBaJIUCh Ha Hay'IHhIX ceMUHapax JI.HTI, Ha pa60'IIIX COBe

III.aHII.HX no HeiiTpIIHHOMY .n:eTeKTopy H<I>B8-OH.HH n ony6JIHKOBaHhI: 

B )KypHanax "51,uepHa.H <l>H3IIKa", "Physics Letters", B npenpIIHTax OH

.HM u H<I>B8, B MaTepuanax pa6o'Iux coBeIII.aHutt "HeiiTpIIHHhiii .ueTeK

TOp H<I>B8-OH.HH". 

OcHOBHhie pe3yJihTaThI, Borne,urnue B .uuccepTau:mo, ony6JIIIKOBaHhl 

B n.HTII pa6oTaX. 

CTpyKTypa H o6'beM ;::i;nccepTaIJ,HH. ,II,uccepTau:1111 COCTOIIT 113 

BBe,ueHII.H, rnecTu rJiaB II 3aKJIIO'IeHU.H. 

CO.UE.P>KAHl/1E PA60Tbl 

Bo BBep;eHHH IIOKa3aHa Ba)KHOCTh II aKTYaJihHOCTh pa60ThI, ccpop

MYJIIIpoBaHbl u:eJIII pa6oThI, onucaHa CTPYKTypa .uuccepTau:nn II .uaHo 

KpaTKOe co,uep)KaHIIe OTJJ:eJibHhIX rJiaB. 

B rrepnoii rJiaBe ,uaeTC.H KpaTKUtt ofoop COBpeMeHHOii 9KcnepIIMeH

TaJibHOii II TeopeTII'IeCKOii CIITyau:uu B II3y'IeHIIII o6pa30BaHU.H O'Iapo

BaHHbIX 'IaCTlIU: B a,upoHHhIX B3aIIMo.uettCTBlI.HX. 

Ha'IIIHaeTC.H rJiaBa C paCCMOTpeHII.H OCHOBHhIX 9KCnepnMeHTaJihHbIX 

MeTO,UIIK, IICnOJih3yeMbIX npu II3y'IeHIIlI a,upoHHoro pO)KJJ:eHII.H O'Iapo

BaHHbIX 'IaCTIIU:. 3.uech OIIllCbIBaIOTC.H npIIHU:IInhI II IIJJ:elI Jie)Kamue B 

OCHOBe b~am-dump 9KcnepIIMeHTOB, 9KCnepIIMeHTOB IIO noIICKY IIIIKOB 

B cneKTpe IIHBapuaHTHblX Mace II TaK Ha3hIBaeMhIX 9KCIIepIIMeHTOB BTO

poro noKOJieHII.H, OTJIII'IIITeJibHOtt 'IepTott KOTOpbIX .HBJI.HeTC.H CO'IeTaHIIe 

TpeKO'IYBCTBIITeJibHOtt MIIIIIeHU (BepIIIIIHHoro ,UeTeKTOpa) co cneKTpO

MeTpoM BTOpII'IHbIX 'IaCTIIU:. B n.HTII Ta6JIIIU:aX npe.n:cTaBJieHbl 9KCnepII

MeHTaJibHbie pe3yJihTaTbl no II3MepeHIIIO po)KJJ:eHII.H O'IapoBaHHhlX 'Ia

CTIIU: B a,upoHHhIX B3aIIMOJJ:eiicTBII.HX. 
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Bo BTopoM pa.3)].ene nepBott rnaBbI o6cy)K)].aeTCJI npnMeHem1e rrep

Typ6aTHBHoti KX,II, Teopnn K orrncaHnIO rrpou.ecca o6pa3oBamrn c
KBapKa. CoBpeMeHHoe cocTOJIHne Teop1rn II03BOJIJieT npoBO)].HTh,. TaKne 

pac'IeTbI c TO'IHOCTbIO AO BToporo rropRAKa TeopnII B03Mylll,em1tt KX,II, 

( C TO'IHOCTbIO AO 'IJieHOB HMeIOill,IIX a~ rropR)].OK MaJIOCTII' r)].e <xs -

6erylll,aJI KOHCTaHTa CIIJibHOro B3aHMOAeticTBllJI). TaKne pac'IeTbl AaIOT 

Ka'IeCTBeHHoe cornacI1e B orrncamrn rroBeAeHirn rronHoro ce'IeHnJI o6pa-

3oBaHIIJI O'IapoBaHHbIX 'IaCTHII, OT 3Heprnn, ''ITO HeCOMHeHHO JIBJIJieTCJI 

CHJibHblM apryMeHTOM B IIOJib3Y Bcett Teopnn B u.enoM. TeM He MeHee, 

B TeopeTH'IeCKHX rrpe)].CKa3aHHJIX HMeeTCJI II,eJiblti pR)]. Heorrpe)].eJieHHO

CTett, II IIpH cpaBHeHHH pac'IeTOB C 3KCrrepnMeHTaJibHblMII AaHHbIMH 

ueo6xo)].HMO IIpHHHMaTb BO BHIIMaHHe He TOJibKO 3KCI1epHMeHTaJibHYIO 

onrn6Ky, HO H HeO)].II03Ha'IHOCTb TeopeTH'IeCKHX rrpeACKa3aHntt. 

B011pocaM HHTep11peTaII,IIII 3KCI1epnMeHTaJibHbIX AaHHbIX B BIIAe 

YA06HOM )].JIJI cpaBHeHHJI C pe3yJibTaTaMH TeopeTH'IeCKHX pac'IeTOB rro

CBJIIll,eH rrocneAHIIfi pa3AeJI rrepBoti rnaBbI. 3)].eCb B Bn)].e Ta6nnu. 11pn

BOAJITCJI OII,eHKH BeJIH'IHHbl a cc ITO AaHHbIM pa3Hb!X 3KCI1epnMeHTOB. 

KpaTKO OIIHCb!BaIOTCJI rrapaMeTpH3aII,HH AH<pq>epeHII,HaJibHbIX Ce'IeHHH, 

HCIIOJib3YeMbIX 3KCIIepHMeHTaTopaMH, H HX cornacne C TeopeTH'IeCKHMH 

pac'IeTa1rn. Oco6oe BHHMaHHe y)].eJIJieTCJI BOrrpocy 3aBHCHMOCTll Ce'Ie

HHJI OT aTOMHOro Beca MH11Iem1. 2ho oco6eHHO Ba)KHO rrpn cpaBHeHHll 

pe3yJibTaTOB 3KCIIepnMeHTOB C pa3Hb!MII MHIIIeHJIMHj AaHIIbie fIOCJieAH~X 

3KCrrepHMeHTOB CBH)].eTeJibCTBYIOT O JIIIHei1noi1 3aBHCHMOCTII ce'IeHIIJI OT 

aTOMHOro Beca MHIIIeHII. 

Bo BTopoii rJiaBe onncana 11ocTaHOBKa beam-dump 3KcrrepnMeH

Ta, BbIIIOJIHeHHoro na nei1TpIIHHOM KaHane ycKopnTeJIJI , Y-70 B IT po

TBHHo. CxeMa 3KCilepnMeHTa IIOKa3aHa na pnc. 1. I1y'I.,OK rrpoTOHOB 

C 3Heprnefi 70 r3B TpaHCIIOpTIIpOBaJICJI CIICTeiwfi MarHIITOOIITH'IeCKIIX 

' 3JieMeHTOB II q>oKycnpoBaJICJI Ha MIIIIIeHb-IIOrJIOTIITeJib, paCIIOJIO)KeH-

HYIO uerrocpeACTBeHHO nepeA CTaJibHbIM MIOOHHbIM q>HJibTpOM. B 3KCIIe

pII11eHTe llCIIOJib30BaJIHCb )].Be CTaJibllbie MHIIIeirn, KOHCTPYKTHBHO BbI

IIOJIHeHHbie TaK, 'ITO HX IIJIOTHOCTll OTJill'IaJIHCb B )].Ba pa3a (PI = PFe 
n Pl/2 = p Fe/2). B XOAe 3KCIIepIIMeHTa Ha MllllieIIb C IIJIOTHOCTbIO Pl 

6bIJIO c6poIIIeHO 1, 11 1018 , a na MHIIIeHb C IIJIOTHOCTbIO P1/2 - o, 6 1018 

IIpOTOHOB. Cpa3y 3a MHIIIeHbIO naXO)].llJICJI CTaJibHOfi MIOOHHbifi q>HJibTp 
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Pnc. 1: CxeMa 3KcnepnMeHTa c rroJIHbIM rrornolll,enneM npoToHHoro rry'I

Ka. 

TOJIIll,llHOH 54 M, cJiy)Kalll,nti AJIJI 3aW.HTbl HefiTpllHHOro AeTeKTOpa OT 

MIOOHOB, ,l1.pyrnx 3apJI)KeHHbIX 'IaCTllII, II HefiTpOHHoro cpoHa. 

HefiTpnHHbifi AeTeKTop (H,II,) coTpy)].HII'IecTBa J1<1>B9-0J1.HJ1 (cM. 

pnc. 2) pacnonarancJI Ha paCCTOJ!Hllll 3 M 3a MIOOHHblM q>llJibTpOM. 

OcnoBHbIMH coCTaBHbIMll 'IaCTJIMn H,II, JIBJIJIIOTCJI MnIIIeHHaJI KaJ1opnMe

Tpn'IecKaJI 'IaCTb n MIOOHHblfi crreKTpoMeTp. 'fAI111IeHHaJI 'IaCTb AeTeK

Topa COCTOHT ll3 36 MOAynefi, Ka)KAbifi ll3 KOTOpbIX nMeeT cJieAYIOill.YIO 

CTPYKTypy: 

paMHblfi 3JieKTpOMarHnT, JIBJIJIIOill,lltiCJI uecylll,efi KOHCTpyKu.nefi 

Ka)KAOro MOAYJIJI II cJiy)Kalll,Hfi )].JIJI ll3MepeHHJI llMIIYJibCa MIOO

HOB, rrpoXOAJIIll,llX 'Iepe3 HaMarHn'IeHHOe )KeJie30 paM; 

IIJIOCKOCTb )Kll)].KOCII,llHTllJIJIJIII,llOHHblX C'IeT'IllKOB AJIJI KanopnMe

Tpll'IeCKllX ll3Mepennfi; 

X- n Y- rrnocKOCTH ApeficpoBbIX KaMep, ncrroJib3yeMbie )].JIJI pern

cTpau.nn TpeKOB 3apJI)KeHHbIX qacTnII.; 
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HEHTPl1HHblH AETEKTOP 
APEA'1M.>IIWE U.NBPW 
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MHWBHl,-(MOPHMIITP __j ... ----

Pttc. 2: O6ll.l,Hif BH.ll. ycTaH0BKH "HelhpHHHbitt ,ILeTeKTop". 

aJIIOMHHHeBa.H IIJiaCTHHa, HaXO)J,.Hll.l,a.HC.H BHYTPH OKHa paMHoro 

3JieKTpOMarttHTa )J,Jl.H yBeJIH'IeHH.H MaCCbl MHIUeHHott qacTH. KoH

CTPYKTHBHO npe)J.yCMOTpeHa B03MO)KHOCTb H3BJ1e'Iemrn HJIH 3aMe

Hbl 3TUX IIJiaCTHH. B HaCTO.Hll.l,eM 3KCIIepnMeHTe 6b!J1H HCII0J1b30-

BaHbl aJIIOMHHHeBbie IIJiaCTHHbl TOJlll.l,HHOtt 5 CM. 

0mm MO)J,JJ1b, c yqeTOM aJIIOMHHUeBbIX IIJlaCTHH, CTeHOK C'IeT'IHKOB tt 

KaMep CO)J.ep)KHT B IianpaBJieHHH IIJ'IKa 6,0 CM aJIIOMUHH.H (16,2 r/cM2 ) 

H 20,0 CM )KH)J,Koro CUHHTHJIJI.HTOpa (16,0 r/cM2), 'ITO COCTaBJI.HeT 1,04 

pa)J.UaUHOHHOii )J,JllIHbl lI 0,35 .H)J.epHoif )J,JllIHbl IIOrJioll.l,eHH.H. ITpOT.H

)KeHHOCTb MlllIIeHH-KaJIOpHMeTpa COCTaBJI.HeT ~ 27, 5 M, a IIOJIHa.H Macca 

MHllleirn r)J,e perncTpHpJIOTC.H HeifTpHHHbie B3aUMO)J.eifcTBU.H ~ 100 T. 
OKone•rna.H 'IaCTb H,IL - MIOOHHbitt CIIeKTpoMeTp, npe)J.Ha3HatJeH

llblll ,/J,JIR U3MepeHH.H UMIIJJibCOB lI 3HaKOB MIOOHOB, Bb!XO)J,.Hll.l,HX H3 MH

lllennoii 'IaCTH. MIOOHHbitt CIIeKTpoMeTp COCTOHT U3 13 3JieKTpoMar

HHTHLIX TOpOH)J,OB Ka)K)J,blii )J.HaMeTpOM 4 M H TOJlll.l,HHOtt 22 CM. B npo

Me)KyTKax Me)K.lJ.Y TopoH)J.aMH ycTaHOBJieHo 8 X- n 10 Y- IIJIOCKOCTett 

.ll.pettcpoBb!X KaMep. IToJIHa.H )J,JIHHa MIOOHHoro cneKTpOMeTpa 7,3 M, H3 

HUX 286 CM - HaMarHH'IeHnoe )KeJie30. 

6 

B TpeTeii rJiaBe orrncaHa rrporpaMMa BOCCTaHOBJieHH.H HMITJJibCa 

MIOOHa, KOTopa.H HCIIOJib30BaJiaCb rrpH aHaJIH3e 3KCI1epHMeHTaJibHblX 

)J,aHHbIX. IT pHBe)J,eH aJiropHTM pa6oTbl rrporpaMMbl n oco6eHHOCTH ero 

rrporpaMMHott peaJIU3aIJ,HH. 

TotJHOCTb BOCCTaHOBJieHH.H lfMITYJibCa MIOOHa ou,eHHBaJIOCb OTHOlI!e

HHeM 8P = (P - l\w)/F'Mc, r)J,e PMc - 11cxo)J,HL1tt {cMo)J.eJIHposaH

Hbitt), a P - BOCCTaHOBJieHHbitt lfMITYJibC MIOOHa. Ha pHC. 3a. rrpHBe)J,e-

110 pacrrpe)J.eJieHHe 8P, ITOJIJ'IeHHOe rrpH o6pa60TKe CMO)J,eJillpoBaHHbIX 

co6bITHif. 9cp<peKTlfBHOCTb orrpe)J.eJieHH.H 3HaKa 3ap.H)J.a MIOOHa orrpe

)J,eJI.HJIOCb oTHolI!eHHeM € = N±/NE, r)J,e N± - KOJilftJecTBO MIOOHOB c 

HerrpaBHJlbHO BOCCTaHOBJieHHbIM 3HaKOM, a NE - IlOJIHOe 'IHCJIO MIOO

HOB C BOCCTaHOBJieHHblM lfMITYJibCOM. 311a1IeHHe € MO)KHO yMeHblIIHTb 

BBe)J,eHHeM o6pe3aHHR no ·.ll.JllfHe rrpo6era MIOoHa B 11aMartt111IeHHOM )Ke

Jie3e )J,eTeKTopa LF~t. 3aBHClfMOCTh BeJilf'IUHhI € OT LF~t ITOKa3aHa Ha 

pttc. 3b. BeJilf'IHHa 6ttHa Ha p11c. 3b BL16paHa 11 cM, 'ITO 11eM11oro 6oJib

lI!e TOJill.l,lfHhl )KeJie3HOtt paMbl B MarHHTHOtt o60JIO'IKe )J,eTeKTopa., If co

OTBeTCTByeT IlOJIOBlfHe TOJIIIJ,lfHbl TopoiI,z:i:a B MIOOHHOM crreKTpoMeTpe. 
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Pttc. 3: a) <I>nT OTHOClfTeJibHOtt Olllll6Kn BOCCTaHOBJieHlf.H UMITJJibCa MIO

Otta liP = (P - PMc)/ PMc pacrrpe)J.eJieHlfeM raycca. b) 3asnc11MoCTL 

3<p<peKTIIBHOCTlf orrpe)J.eJieHU.H 3ap.H)J.a MIOOHa € OT )J,Jllfllbl rrpo6era MIO

ona B HaMarHn'IeHHOM 2KeJie3e - LF~t. 
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B qeTBepToii rJiaBe orrucatta rrpoue.uypa o6pa6oTKn 3KcrrepnMeH

TaJihHhIX ,uaHHbIX II MeTO,UbI BbI,UeJieHU.lI cnrHaJia OT rrp.lIMbIX HeiiTpIIHO. 

,Il,JI.ll BbI,UeJiemrn cnrHaJia OT IIp.lIMbIX HeiiTpIIHO 6bIJIH IICIIOJib30Ba

Hbl H3Mepemrn IIOTOKOB paBHOBeCHbIX µ+ II µ- -MIOOHOB. PaBHOBec

HbIMH Ha3bIBaIOTC.lI MIOOHbI, pO)K,UeHHbie BO B3aJIMO,UeiiCTBH.lIX HeiiTpH

HO B CTaJibHOM MIOOHHOM q>IIJibTpe, ycTaHOBJieHHOM rrepe.u ,ueTeKTOpOM. 

KpnTepIIII ,UJI.ll OT6opa co6bITIIii c TaKIIMH MIOOHaMU CJie,uyIOIIJ.Ue: 

HaJIIP-rne MIOOHa ( T.e. 'IaCTHUbI, rrpOXO)],.lIIIJ.eii ne MeHee 2,5 .lI,Uep

HbIX ,UJIIIII), BXO)],.HIIJ.ero B ,ueTeKTOp -.:iepe3 ero rrepe,UHIIii TOpeu, 

orpairn'IeHHhiii OKHOM 3 X 3 M 2; 

)],JIHHa TpeKa MIOOHa B HaMarHH'IeHHOM )KeJie3e 6oJiee 25 CM, rrpII 

3TOM orrrn6Ka B BOCCTaHOBJieHIIII 3HaKa 3ap.H,ua MIOOJia Menee 1 %; 

IIMIIYJibC MIOoHa P1-1 > 3 f3B/c. 

l.JucJIO 3aperncTpIIpoBaHJiblX B ,ueTeKTope paBHOBeCHbIX µ+ II µ-, y.uo

BJieTBOp.lIIOIIJ.HX 3TIIM KpIITepH.lIM, rrpIIBe)],eHo B Ta6JI. 1, a IIX HMIIYJibC

Hbie pacrrpe,ueJieHII.lI ,UJI.ll IIJIOTHOCTII MJIIlleHn Pl IIOKa3aHbl Ha puc. 4. 
OuenKa 'IHCJia B3aJIMO,UeiiCTBHii rrp.lIMbIX HeiiTpIIHO rrpoBO)],JIJiaCb .UBY

M.lI pa3JIII'IHbIMH MeTO,UaMIL 

1. MeTOJJ: 3KCTpaIIOJIHI.I;HH K 6ecKOHelfHOH IIJIOTHOCTH MHIIIelIJI. 

,Il,aHHblii MeTO)], BbI,UeJieHII.lI curnaJia OT IIpRMbIX HefiTpIIHO OCHOBaH 

Ha TOM' 'ITO C yBeJin'IeHUeM IIJIOTHOCTII MIIIlleHII p HeiiTplIHHblii IIOTOK 

Ta6JIIIUa 1: GKCIIepIIMeJITaJibHble ,uaHHbie O paBHOBeCHbIX MIOOHaX II 

)],Be He3aBIICIIMbie oueuKII ,UJI.ll MIOOHOB OT rrpJ!MbIX neiiTplIHO. 

8KcnepuMeHT MIOOHbl OT IIp.lIMbIX Vµ H iiµ 

Pl I Pl/2 
QKCTpaIIOJI.lII.]JI.ll I 8b1qn:Tanue cpotta. 

Kp== ToJibKO .D:JIJI P1 

I p.o.t. J_ 1, 11 . 1018 I o, 6. 101~ 1018 1018 

µ - 1631 ± 40 1748 ±42 -47 ± 105 ± 61 72 ± 36 ± 140 

µ+ 308 ± 18 314 ± 18 19 ± 45 ± 11 28 ± 16 ± 25 
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PIIc. 4: l1MrryJihCHhie pacrrpe,ueJiemrn µ- II µ+ .UJI.ll MHIIIeHH c IIJIOTHO-

CTbIO Pl (A) B cpaBHeHilll C MO,UeJiupoBaHHeM ( rncTorpaMMa). 

OT pacna,uoB 7r II K-Me30HOB na.uaeT KaK 1/ p, B TO BpeM.lI KaK TIOTOK 

HeiiTpIIHO OT pacna,uoB o-.:iapoBaHHbIX -.:iaCTHU OCTaeTC.lI TIOCTO.lIHHbIM. 

l1cKOMbiii CIIrHaJI MO)KHO HaiiTH JIHHeiiHoii 3KCTpanoJI.lIUIIeii K 6ecKOHe'I

HOii TIJIOTHOCTII MIIIIIeHII. EcJIII N1 II N1;2 - KOJIII'IeCTBO HeiiTpHHHbIX 

B3aIIMO,UeiicTBIIii, HOpMupoBaHHOe Ha 0)1,JIHaKOBhiii IIOTOK npoTOHOB ,UJI.lI 

IIJIOTHOCTeii Pl II Pl/2 COOTBeTCTBeHHO, TO KOJIII'IeCTBO B3allMO,UeiicTBIIii 

C y-.:iaCTIIeM rrp.lIMbIX HeiiTpllHO orrpe,ueJI.HeTC.lI q>opMyJioii: 

No= 2N1 - N1;2 - fl(N1;2 - Ni), 

r.ue fl - q>aKTOp, Y'IIITbIBaIOIIJ.Illi uenoJIHOe pa3BllTHe a.upoHHOro Kac

Ka,Ua B MHilleHH C IIJIOTHOCTbIO Pl/2· BeJIIl'IIIHa fl 6bIJia orrpe,ueJieHHa Ha 

ocHoBe Mo,uem1poaaHII.lI c noMoIIJ.bIO nporpaMMhI GEANT II .UJI.ll 3Hep

rnii HeiiTpHHO 5 f3B < E 11 < 20 f3B cocTaBHJia fl= 0, 05 ± 0, 02. 
PacC'IIITaHHOe YKa3aHHblM crroco6oM 'IllCJIO MIOOHOB OT B3aHMO,Ueli

CTBIIii np.lIMbIX HeiiTpllHO, HOpMnpoBaHHOe Ha 1018 
rrpoTOHOB, npnBe-
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. 

.ueHo B Ta6mrn.e 1. CncTeMaTll'IeCKIIe ourn6Kn, YKa3aHHbJe B Ta6Jrn-

11,e, Y'-IHTbIBalOT ITorpellIHOCTb B H3MepeHHH llHTeHCHBHOCTH ITpOTOHHoro 

ITY'-!Ka ( 1 % ) , HeoITpe,UeJieHHOCTb B OTHOCHTeJibHOii ITJIOTHOCTH irnllieHeii 

(ollIH6Ky Be) n OllJU6Ky B BOCCTaHOBJieHUU 3ap11.ua MIOOHa (1%). 

2. MeTo,JJ. BbI'llfTaHlfJI <poHa. 

B OTJIH'-llJe OT ITpe,UbI.Uymero, 3TOT MeTO.U Tpe6yeT 3HaHHR ITOTOKOB 

q>OHOBblX Vµ H Vµ, o6pa3y!Oll{HXCR B pacITa,UaX 7r II K -Me30HOB. Y:n

CJIO B3aHMO,UeiicTBHii OT ITp.HMbIX HeiiTpHHO ITOJiy'-laeTCR Bbl'-IHTaHIIeM 

'-IHCJia CMO,ll.eJIIIpoBaHHbIX B3aHMO,ll.eiicTBHii q>OHOBb!X HeiiTpl!HO H3 3KC

ITepnMeHTaJibHO Ha6JIIO,UaeMoro noJIHoro '-IHCJia co6bITHii. 

CITeKTpb! q>OHOBbIX ITOTOKOB Vµ Bbl'-IHCJIRJIHCb .llBYMR CITOCo6aMH: 

ITO 3KCITepnMeHTaJibHO H3MepeHHblM BbIXO,ll.aM 7r+ H K+ -Me30HOB 

Ha .H,!I.epHbIX MHllJeH.HX ITpH 3Heprnn ITpOTOHOB 67 f3B [3] C ITOCJie

.uy10meii KoppeKu.neii, y'-IHTbIBa10meii H3MepeHH.H pacnpe.n.eJieirnii 

MIOOHHbIX ITOTOKOB B pa3pe3aX CTaJibHOro ITOrJIOTHTeJI.H [4]; 

C ITOMOll{blO ITporpaMMbI GEANT. n pH MO,ll.eJIHpOBaHHH Y'-IHTbIBa

JIOCb He TOJibKO pO)K,lleHHe Me30HOB OT ITepBoro B3aHMO,UeiiCTBH.H 

B MHllJeHH, HO H OT ITOCJie.uy10mnx KacKa,ll.OB. 

Comrn.ueHHe pe3yJibTaToB pac'-leTOB c TO'-IHOCTbIO 5% cJiy)KHT xopornHM 

ITOKa3aTeJieM Ha,ll.e)KHOCTH ITOJiy'-leHHbIX cneKTpOB q>OHOBblX HeiiTpl!HO. 

CpaBHeHne CMO.lleJinpoBaHHbIX HMnyJibCHbIX pacITpe.n.eJieHHii paBHO

BeCHblX µ+ II µ- C 3KCnepnMeHTaJibHO noJiy'-leHHbIMH CITeKTpaMH MIO

OHOB .UJI.H MUllieHH c nJIOTHOCTblO Pl noKa3aHo Ha pnc .• 4. B Ta6JI. 1 
ITpHBe,ll.eHbl '-IHCJia B3aHMO,ll.eiicTBHii np.HMbIX HeiiTpHHO, pacc'-IHTaHHble 

MeTO,ll.OM Bbl'-IUTal!lrn. HcnOJib30BaJIHCb ,ll.aHHbJe JIUllib ,ll.JIR PI, r.n.e ~eT 

HeOIT pe.ueJieHHOCTU, CBR3aHHOii C y'-leTOM yTe'-IKH KacKa,ll.OB II Bbl'-IHC.n:e

HHeM 3q>q>eKTHBHOii nJIOTHOCTH MUllieHH. CHcTeMaTH'-leCKa.H OllJH6Ka 

.n.annoro MeTo.n.a, o6ycJIOBJieHHaR ITorpellIHOCT.HMH B onpe.n.eJieHHH neii

TPHHHLIX CITeKTpoB H B onncaHHH B3aHMO,ll.eiicTBH.H HeiiTpHHO C Beme

CTBOM, COCTaBIIJia 10%. 

B IUITOII rJiaBe OITHCaHbI pe3yJibTaTbl aHaJIH3a no ou.eHKe ITOJIHO

ro Ce'-!eHHR o6pa3oBaHHR O'-lapoBaHHblX '-laCTHU. na OCHOBe H3Mepemwro 
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cnrnana OT ITp.HMblX HeiiTpHHO. TaKoii aHaJIH3 onnpaeTC.H Ha .n.eTaJib

noe MO,ll.eJiupoBaHUe CITeKTpOB ITp.HMbIX HeiiTplIHO OT noJiyJienTOHHblX 

pacna.uoB D-Me3oHOB u AcrnITepoHoB. I1cITOJib3yeMbie npu 3TOM npe.n.

IlOJIO)KeHirn O .n.n¢¢epeHIJ,UaJibllbIX Ce'-!eHII.HX pO)K,ll.eHU.H 3TIIX '-laCTHU, II 

06 l!X ITapU.IIaJibHOM Bb!XO,ll.e B 3Ha'-IIITeJibHOii Mepe BJIIIRIOT Ha TO'-IHOCTb 

n o6ocHoBaHHOCTb noJiy'-laeMbIX pe3yJibTaTOB. 

B .n.anHoii pa6oTe 6bIJia l!CITOJib30BaHa ITapaMeTpH3aU,HR .llllq><pepeH

U.HaJibHOro ce'-leHHR pO)K,ll.eHI!.H O'-lapoBaHHbIX '-laCTHU., TeopeTU'-leCKH 06-

0CHOBanHa.H A.K.J1nxo.n.e.n.oM II C.P.CJia6ocmu1,K1IM: 

d3<7 
dx+dx_dp1_ ~ [(l - x+)(l - x_)r. e-2,sp1.. (1) 

3.n.ecb X± = (E* ± Po)lvs; E* - 3Heprn.H O'-lapoBaHHOii '-laCTIIU,bI, a Po 
- ee ITpo.n.oJibHbiii II p1_ - nonepe'-IHbiii HMnyJibC B C~M. 

TaKoii BH.ll napaMeTpII3aU,IIII Han6oJiee '-laCTO ucnOJib3yeTC.H npII OT

HOCHTeJibHO HII3KUX 3HeprII.HX. XopOllIIIM o6ocnoBaHUeM TaKoro Bb160-

pa MO)KeT CJIY)KIITb cpaBHeHIIe 3Toii napaMeTpII3aU,IIH C pe3yJibTaTaMII 

pac'-!eToB ITO KX,l], Teo pun (CM. pIIc. 5). HaIIJIY'-lllIIIM o6pa3oM KX,l], 

pac'-!eTbl onIICbIBalOTC.H ITapaMeTpU3aU,IIeii ( 1) npII 3Ha'-leHIIII ITapaMeTpa 

n = 4, 5 (llITpIIx-nyHKTIIp). MeHhlliee 3Ha'-leHne napaMeTpa n = 3, 5 
( nyHKTIIpHa.H KpnBaR), ucITOJih3yeMoe B napaMeTpII3au,nH J1IIxo.n.e.n.a

CJia6ocITnIJ,Koro ,!I.JIR D- II .D0-Me30HOB, MO)KeT 6bITh ofrhRCHeHO 3<p

cpeKTaMn a.n.poHn3au,un. 

noJiyJI~ITTOHHhie pacna,ll.hl O'-lapoBaHHhIX '-laCTIIIJ, c o6pa3oBanIIeM Vµ 

Mo.n.emrpoBaJIIICh c noMOll{hIO nporpaMMhI JETSET 7.2, y'-IIIThIBa10meii 

MO,ll.hl pacna.n.a Ha 3, 4 II 5 '-laCTIIU,. PacC'-IIITaHHoe O)KII,ll.aeMoe '-IIICJIO µ
OT B3aUMO,ll.eiicTBUii ITpRMhIX HeiiTpmIO, HOpMIIpOBaHHOe Ha 1018 c6po

llJeHHb!X Ha MIIllJeHh npOTOHOB COCTaBIIJIO 15, 6, a '-IIICJIO µ+ OT B3aII

MO,ll.eiiCTBIIii np.HMbIX aHTIIHeiiTpIIHO COCTaBIIJIO 11, 7. ConocTaBJieHIIe 

3TIIX '-ll!CeJI C .n.aHHbIMII, npIIBe,ll.eHHhIMII B Ta6JI. 1, no3BOJI.HeT BhI'-III

CJIIITh BeJIII'-IIIHY ce'-leHIIR o6pa30BaHIIR O'-lapoBaHHhIX '-laCTIIIJ,. noJiy

'-!eHHhle MeTo.n.aMII BbI'-IIITaHIIR II 3KCTpanoJIRIJ,IUI BeJIII'-IIIHhI corJiacy

lOTC.H Me)K,ll.y co6oii. Ycpe,LJ,HeHHa.H BeJIII'-IIIHa nOJIHoro ce'-leHII.H paBHa 

<7cc(pN) = 1, 6 ± 1, 6 MK6n/nyKJIOH. 

Pe3yJihTaTbl 3KCnepIIMeHTa no noucKy np.HMhIX 3JieKTpOHHhIX neii-
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PIIc. 5: ,II,mpcpepeHIIIIaJibHoe ce'IeHIIe po)K)].eHII.lI c-KBapKa. CnJioIII

Ha.H KpIIBa.H (rncTorpaMMa) - KX,II, pac'IeTbI. IlyHKTIIp - napaMe

TpII3aIIII.lI JlIIXO)].e,L1.a-CJia6ocnIIIIKOro )].JI.ll D- Me30HOB c napaMeTpoM 

n = 3, 5. illTpIIx-nyHKTIIp - n = 4, 5. To'Ie'IHa.lI KpIIBa.lI - pe-

3YJibTaT, noJiy'IeHHbiii BHC-2 )].JI.ll D- Me30HOB. Bee pacnpe)].eJieHII.lI . 
HOpMIIpOBaHbI Ha e)].IIHII'IHYIO nJIOIIIa)].b. 

TpIIHO B HeiiTpIIHHOM )].eTeKTope 11<I>B9-O11.H11 6bIJIII ony6JIIIKOBaHbI 

paHee [5]. IlpII BbI)].eJieHIIII np.lIMbIX Ve TaK)Ke IICnOJib30BaJIIICb )].Ba He-

3aBIICIIMbIX MeTO)].a - 9KCTpanoJI.HriIIII II BbI'IIITamrn. Il~JIHOe ce'IeHIIe 

o6pa30BaHII.lI O'IapoBaHHbIX 'IaCTIIII COCTaBIIJIO: <J'ec:(pN) = -0, 50± 1, 67 

MK6H/HYKJIOH (MeTO)]. BbI'IIITaHII.lI) II <J'ec:(pN) = 4, 8±3, 8 MK6H/HYKJI,OH 

(MeTo)]. 9KCTpanoJI.lIIIIIII). CorJiacIIe pe3yJibTaToB II3MepeH~ii noJIHoro 

Ce'IeHII.lI o6pa30BaHII.lI o'IapoBaHHbIX 'IaCTIIII, noJiy'IeHHbIX He3aBIICII

MbIMII MeTo)].aMII Ha OCHOBaHIIII CIIrHaJia OT pa3JIII'IHbIX TIInOB np.lIMbIX 

HeiiTpIIHO n03BOJI.HeT IICnOJib30BaTb ycpe)].HeHHOe 3Ha'IeHIIe: aec(pN) = 
0, 9 ± 1, 1 MK6H/HYKJIOH. 

Ha pIIC. 6 co6paHbI 9KCnepIIMeHTaJibHbie )].aHHbJe no nOJIHbIM Ce'IeHII-
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PIIc. 6: IloJIHoe ce'Iemrn o6pa3oBaHII.lI o'IapoBaHHbIX 'IaCTIIII B pN II 

nN-B3aIIMO)].eiicTBII.lIX. 9KcnepIIMeHTaJibHbie )].aHHbJe )].JI.H npIInoporo

BOH o6JiacTII 3Heprnii: II - IICKpoBoii cneKTpol\teTp l1T9<I> [1]; JI -

BM.C-2 [2]; • - nacTO.HIIIa.H pa6oTa; 1 II 2 - BepxnIIe rpaHIIIIbI ce'Ie

HII.H (90% CL) noJiy'IeHHble B pa6oTaX [6] 11 [7] cooTBeTCTBeHHO. ,Il,pyrue 

3KcncpuMeHTaJibHbie ,ll.aHHbie (cM. (8, 9]): A - NA32; ◊ - NA25; 6 -
E769; E9 -.E630; T - NA16; * - NA27; D - E653; o - E743; EE -
ISR; x - pe3yJibTaTbI beam-dump 3KcnepIIMeHTOB B CERN II FNAL. 

HenpepbIBHbie KpIIBbie - TeopeTII'IeCKIIe pac'IeTbI no KX,II,: cnJiourna.H 

JIIIHII.H - me = 1, 5 f3B; nynKTIIp - me = 1, 2 f3B; TO'Ie'IHa.H -

me= 1, 8 f3B. 

.HM o6pa3oBaHl:l.lI 0'IapoBaHHb!X 'IaCTIIII B pN II nN -B3allMO)].eiicTBH.HX. 

3)].ecb )Ke noKa3aHbI pe3YJibTaTbI KX,II, pac'IeToB, Bb!IlOJIHeHHbIX c To'I

HOCTbJO )].O a;, npn 3Ha'IeHII.HX MaCCbl 0'IapoBalIHOro KBapKa. fflc = 
1, 2; 1, 5; II 1, 8 f3B. Bll)].HO, 'ITO noJiy'IeHHa.H HaMH o:u;eHKa B :u;eJIOM co-
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PHc. 7: O:11rn,uaeMblii CITeKTP paBHOBeCHbIX µ+ OT ITp.HMblX aHT.lfHeii

Tp.lIHO, BbI'fHCJieHHbiii ITO ,uaHHbIM BHC-2 (rncTorpaMMa), B cpaaHeH.lfll 

co CITeKTpOM µ+ OT ITp.HMb!X aHTHHeiiTpllHO, IToJiy'feHHbIM 113 aHaJitt3a 

3KCITepnMeHTaJibHblX ,uaHHblX B HaCTO.Hlll,eii pa6oTe ( 0). To'fKll .. -

3KCITepnMeHTaJibHblii CITeKTP acex paBHOBeCHbIX µ+. Bee CITeKTpbl Hop

MHpoaaHbl Ha 1018 c6porneHHbIX Ha MHIIIeHb ITpOTOHOB. 

rJiacyeTC.H C pe3yJibTaTaMH .upyrnx 3KCrrepuMeHTOB II He ITpOTIIBOpe'IIIT 

ITpe,ucKa3aHII.HM KX,II,. O,uHaKo, ace 3TH pe3yJibTaTbI He y,uaeTCR corJia

coBaTb c ,uaHHbIMII BHC-2 [2), KoTopbie ITpeBbIIIIaJOT Harnu ,uaHHbie u 

Jie)KaT HaMHOro BbJIIIe TeopeTII'feCKIIX ITpe,UCKa3aHIIii. 

,Il,JIR 6oJiee ,ueTaJibHoro cpaBHeHIIR c pe3YJibTaTaMII BHC-2 6bIJIO 

ITpOBe,UeHO MO,UeJIIIpOBaHIIe ITpoll,eCCa po2K,UeHII.H n- II f>0
-Me30HOB B 

ycJIOBII.HX Harnero 3KCITepuMeHTa, HO C ITapaMeTpaMn, OITIICb!Ba!Olll,IIMII 

npoll,eCC o6pa30BaHII.H O'IapoBaHHbIX 'faCTIIll,, ITpIIBe,UeHHb!Mll B pa6o

TaX [2]- TaK, HaITpIIMep, ,uucpcpepeHll,IIaJibHOe ce'feHIIe d<T / dx F, 113-

Mepeirnoe Ha CITeKTpOMeTpe BHC-2 ,UJI.H n- -Me30HOB, ITOKa3aHO Ha 
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puc_ 5 TO'fKaMU. 3aMeTIIM, 'ITO 3TO pacITpe,UeJieHne ITJIOXO corJiacyeTC.H 

c pac'feTaMu ITO KX,II,- B pa6oTax [2] ITpuae,ueHbI ce'fenn11 TOJibKo ,UJI.H 

o6JiaCTII X F > 0, 5, IT03TOMY B narnnx pac'feTaX ITpe,UITOJiaraJIOCb, 'ITO 

B o6JiacTU <Tcc(xp < 0, 5) = 0. OTO rpy6oe ITpe,uIToJ102Kenne 3aae,u0Mo 

.uaeT HII)KHIOIO rpaHHll,Y ITOJIHoro ce'feHII.H II, COOTBeTCTBeHHo, ITpIIBO,UIIT 

K 3ann2KeHnoii oll,enKe Bblxo,ua paBnoaecHbIX MJOOHOB OT ITp.HMbIX an

TnneiiTpnHo_ B pe3yJibTaTe Mo,ueJiupoaanu11 6bIJI IToJiy'fen 02Kn,uaeMbIH 

CITeKTp Bb!XO,U.Hlll,IIX H3 3alll,HTbl µ+ ( CM. puc. 7)' IICTO'IHHKOM KOTOpb!X 

Mb! ,UOJI)KHbl 6b!JIH 6bi C'fHTaTb ITp.HMble aHTIIHeiiTpnno. OTO, ITpe.u

CKa3aHHoe na ocHoaanun ,uaHHbIX BHC-2, pacITpe,ueJienue cylll,eCTBeHHO 

ITpeBbIIIIaeT ITOJiy'feHHble HaMn Oll,eHKH 'fHCJia MIOOHOB OT ITpRMb!X aH

TimeiiTpHHO H ITpaKTH'feCKH COOTBeTCTByeT ITOJIHOMY ITOTOKY 3KCITepn

MeHTaJibHO 3aperncTpIIpoBaHHbIX µ+. 

B mecToii rnaBe ITpoao,unTC.H aHaJIIl3 .uanHbIX beam-dump 3KCITe

pnMeHTa C ll,eJlblO ITOHCKa pacITa.UOB T.H)KeJloro HeiiTplIHO ITO KaHaJIY 

VH ➔ e+e-ve. Ta.Kue pacITa,Ubl ,UOJI)KH~I BbirJI.H.UeTb B neiiTpIIHHOM .ue

TeKTope KaK II30JIIIpoaaHHble 3JieKTpoMarHHTHbJe JlIIBHH 6e3 a.upoHHoro 

COITpOBO)K)l;eHH.H H MIOOHHoro TpeKa. IlocJie BbI,UeJieHU.H co6bITHii C II30-

JIUpoBaHHblMH 3JieKTpOMarHIITHblMH JIIIBH.HMH H IICITOJlb30BaHIIR KpHTe

pIIeB OT6opa OCTaJIOCb 1 co6bITIIe, KOTopoe MO)KHO C'fHTa.Tb Ka.H.UII.Ua.TOM 

na. pa.cITa.,U T.H2KeJioro HeiiTpIIHO ITO H3y'fa.eMOMy Ka.HaJiy. CMo,n;eJinpo

Ba.HHblii MeTo,n;oM MonTe-Ka.pJio cpon c y'feTOM KpnTepneB oT6opa. co-

6h1Tnii COCTa.BIIJI 1,5 co6bITH.H B HOpMHpOBKe Ha. ITOJIHYIO CT3.THCTHKY, 

Ta.KUM o6pa.3oM, ITpeBbIIIIeHH.H cnrHa.Jia. na..u <pOHOM B 3KCITepnMeHTe ne 

06na.py2Keno_ l1cxo,u11 II3 aToro MbI Mo2KeM ycTa.H0BIITb aepxHne ITpe.ue

JibI Ha. 3JieMeHTbl Ma.TpIIll,bl CMeIIIIIBa.HH.H Ha. 90%-HOM ypoane .U0CTOBep

HOCTII, HCIT0Jib3Y.H MeTO.U, OITIICa.HHblii B pa.6oTe (10]: 

(IUIHl2 
• IU11Hl 2

) upper limit = 3, l / Nvw 

3.uecb u - YHIITa.pna.11 Ma.Tpnll,a. CMeIIIHBa.HH.H B JleITT0HH0M CeKTOpe, 

a.HaJiorn'fna.11 Ma.TpIIll,e Ka.6n660-Ko6a.11rnn-Ma.cKa.Ba. .UJIR KBa.pKoB, a. 

NvH - 'IIICJIO B03MO)KHblX pacITa.,n;oB TR)KeJibIX neiiTpHHO B .ueTeKTope, 

BbI'fIIcJieHHoe B ITpe,n;IToJ102KeHnn, 'ITO IUIHI = IU1 1HI = l. 
Ha. pnc. 8 ITpe,ucTa.BJieHbl pe3yJlbT3.Tbl a.HaJIU3a. ,UJI.H 3JieMeHT0B Ma.

TpHll,bl CMeIIIHB3.HII.H IUeHl2 
H IUeHI · IUµHI C00TBeTCTBeHHO. ,Il,JI.H cpa.B-
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Pn:c. 8: BepxHn:e ITpe,n:eJibI Ha Koacpqmu:n:eHT MaTpHIIbI cMeITrnBaHH.H 

a) JUeHl 2 , b) JUeHI · IUµHI Ha 90%-HoM ypoBHe ,n:ocT0BepHocTn:: 

1 - HacTO . .HIIIa.H pa6oTa; 2 - pe3yJibTaTbI KOJIJia6opa11n:n: CHARM [11]; 
3 - pe3yJibTaTbI aKcITepn:MeHTa PS191 [12]. 

HeHH.lI ITpn:ae,n:eHbI pe3yJibTaTbI KOJIJia6opa11n:n: CHARM B ITY'IKe nrnpo

Koro cITeKTpa [11] n: aKcnep11MeHTa PS191 [12]. BoJiee )KeCTKHe orpaHn:

'IeHH.lI, II0JIY'IeHHble B HallleM 3KCITepn:MeHTe ITO cpaBHeHHIO C pe3yJib~a

TaMH ycTaH0BKH CHARM, ofrh.lICH.lIIOTC.lI MeHbllIHM paccT0.lIHHeM OT MH

rneHn ,n:o HeiiTpHHHoro ,n:eTeKT0pa, 0TH0CHTeJibH0 HeBbICOKOii _ 3Heprn:eii 

ITp0T0HHoro ITY'IKa, 6oJibllleii ITp0T11)KeHH0CTbIO acpcpeKTHBHOro o6'beMa 

,n:eTeKTopa Il JIY'IlllllMH <pOHOBbIMH ycJI0BH.lIMH. K ITpen:MyIIIeCTBaM 3KC

ITepn:MeHTa CJie,n:yeT 0THeCTII TaK)Ke u era 'IYBCTBHTeJibH0CTb K 6oJiblllllM 

JUZHl 2 (> 0, 1) BO aceii n:ccJie,n:yeMoii o6Jiacrn.Macc HeiiTpHHO. B oTJin:

'IHe OT 3KCITepn:MeHT0B CHARM n: PS191, H3-3a cpaBHHTeJibH0 He6oJib

rnoro paCCT0.lIHH11 OT ,n:eTeKT0pa ,n:o MHllleHH He ITp0HCX0,D:HT 3aMeTHoro 

OCJia6JieHH.lI II0T0Ka T.lI)KeJibIX HeiiTpHHO, Bbl3BaHH0ro HX pacna,n:aMH ,n:o 

,n:eTeKTopa. HH)KH1111 rpaHHIJa n:ccJie,n:yeMoii o6JiaCTH Mace T.lI)KeJioro 

HeiiTpn:Ho oITpe,n:eJI.HeTc.lI ycJioan:eM IUZHI ~ 1 n: cocTaBJI.HeT ~ 5 MaB 

,D:JI.lI JUeHl 2 
Il ~ 3 MaB ,D:JI.lI JUeHI · IUµHI• 
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B 3aKJUoqeHHH ccpopMyJin:poBaHbl OCHOBHbJe pe3yJibTaTbl ,n:n:ccep

Ta111rn: 

1. Pa3pa6oTaH MeTo,n: oITpe,n:eJieHH.lI ce-qemrn o6pa3oBaHH.lI o-qapoaaH

HbIX 'laCTHII ITO Il3MepeHHIO IT0T0Ka "paBHOBeCHbIX" MIO0H0B OT 

B3aHMo,n:eiiCTBH.lI MIO0HHbIX HeiiTpHHO B CTaJibHOii 3aJIIHTe, paCITO

JIO)KeHHOii Henocpe,n:cTBeHHO nepe,n: ,n:eTeKTOp0M. 

Co3,D:aHbl ITporpaMMbl pac'leToB CITeKTp0B HeiiTpHHO, o6pa3yIO

IIIHXC.lI B IToJiyJieITT0HHbIX pacITa,n:ax O'IapoBaHHbIX 'laCTHII II OT 

pacITa,n:a 7r II K-Me30HOB. TTpoae,n:eHo Mo,n:emi:poaaHHe ITpo11ecca 

B3aHMo,n:eikTBH.lI HeiiTpllHO B CTaJibHOii 3aJIIHTe ITO KaHaJiy 3ap.H

)KeHHoro TOKa. 

2. Pa3pa6oTaHa ITporpa11Ma DMUON, II03B0JI.lIIOJIIa.H onpe,n:eJI.HTb 

3ap.H,n: MIO0Ha II B0CCTaHaBJIIIBaTb era IIMITYJibC ITO KpIIBH3He Tpe

Ka B MarHIITax ueiiTpIIHHoro ,n:eTeKTopa. TTporpaMMa BKJIIO'leHa 

KaK B ITporpaMMHhiii K0MITJieKc GRAND, ITpe,n:Ha3Ha'leHHbiii ,D:JI.lI 

off-line aHaJIIl3a ,n:aHHbIX, TaK II B ITporpaMMy on-line o6pa6oTKII 

IIH<pOpMaIJIIII. 

3. YIICJia MIOOIIOB OT B3aIIMo,n:eiiCTBIIii ITp.lIMbIX MIO0HHbIX HeiiTpIIHO, 

o6pa3oBaHHhIX OT pacITa,n:a O'IapoBaHHbIX 'laCTIIII, 6bJJIII OITpe,n:eJie

Hhl .ll:BYM.lI He3aBIICIIMbIMH MeTO,D:aMII: MeTO,D:OM 3KCTpaITOJI.lIIJIIII K 

MIIllleHII c 6ecKoHe'IHOii ITJIOTH0CTb_IO II MeT0,D:OM Bbl'IHTamrn <pOHa 

MIO0H0B, Bh13BaHHblX B3a11Mo,n:eiicTBHeM HeiiTpIIHO OT pacna,n:oB 7r 

11 K-Me30HOB. Pe3yJibTaTbI 06011x MeTo,n:oB corJiacyIOTC.lI Me)K,n:y 

co6oii. 

4. TToJinoe ce'leHn:e po)K,n:eHII.lI o'IapoBaHHbIX 'laCTIIII B pN-a3auMo

,n:eiicTBll.lIX npn: 3HeprIIII np0TOHOB 70 faB, onpe,n:eJieIIH0e TOJibKO 

no paBHOBeCHbIM MIOOHaM, C0CTaBJI.HeT: 

acc(pN) = 1, 6 ± 1, 6 MK6H/HYKJIOH. 

5. BeJIII'IIIHa Ce'leHII.lI o6pa3oBaHH.lI O'lapoBaHHhIX 'laCTIIII B pN-B3a

HMO,D:eiicTBII.lIX ITpn 3Heprn11 ITP0T0H0B 70 faB ( y's = 11, 5 faB), 
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ycpe.n.HeHHaJI IIO pe3yJibTaTaM lf3MepeHIIfi C rrpRMh!Mlf MIOOHHb!Mlf 

II rrpRMb!Mlf 9JieKTpOHHb!Mlf HefiTpHHO [5], paBHa: 

acc(pN) = 0, 9 ± 1, 1 MK6H/HYKJIOH, 

'-ITO COOTBeTCTByeT BepxHefi rpaHlfU.e ce'-IeHlfR acc(pN) < 2, 3 

MK6H/HYKJIOH C 90% ypoBHeM ,UOCTOBepHOCTll. TToJiy'-IeHHOe 3Ha

'-IeHne RBJIReTCR Han6oJiee TO'-IHOfi oueHKOfi ce'-IeHlfR po)K,UeHHR 

O'-IapoBaHHblX '-IaCTHU .UJIR 9Heprnfi 6Jilf3KllX K nopory HX o6pa30-

BaHlfR If npoTHBOpe'-IllT yTBep)K,UeHHRM 06 aH0MaJibH0 6oJibIIIOM 

(40 -50 MK6H/HYKJIOH) Ce'-IeHllll pO)K,UeHlfR oqapoBaHHbIX qacTlfU 

B pN-CTOJIKHOBeHlfRX B OKOJionoporoBOfi o6JiaCTlf 9Heprllfi. 

6. TToKa3aHo, '-ITO BeJIH'-IlfHa noJIH0fO ce'-IeHHR If ncnoJib30BaHHaR 

HaMlf napaMeTpll3aUHR ,UllcpcpepeHII.llaJihHOfO ce'-IeHlfR p0)K,UeHlfR 

oqapoBaHHb!X '-IaCTHU Ka'-IeCTBeHHO corJiacyIOTCR C TeopeTlf'-IeCKlf

Mlf KX,IJ, pac'-IeTaMn, Bh!IlOJIHeHHhIMlf c TO'-IH0CThIO .n.o a; no KOH

cTaHTe CllJibHOfO B3alfMO,UefiCTBlfR. 

7. ,Il,aHHhie, noJiy'-IeHHbJe B beam-dump 9KcnepllMeHTe, 6hIJIH npo

aHaJIII3llpoBaHhI C ueJih!O nolfCKa pacna.n,oB TR)KeJioro HefiTpllHO 

(HefiTpaJihHOfO JienToHa) B lfHTepBaJie Mace (3-493) M9B no Ka

HaJIY VH -+ e+ + e- + Ve- B Ka'-IeCTBe lfCT0'-IHlfKOB TR)KeJibIX 

HefiTpllHO 6hIJilf paccMOTpeHbl pacna,Ubl 7r If K-Me30HOB .n.o lfX no

fJIOIII.eHlfR B Bern,eCTBe MlfIIIeHlf: 

1r+-+ µ+vH, 1r+-+ e+vH If K+-+ µ+vH, K+-+ e+vH. 

YcTaHOBJieHbl BepXHlfe npe.n,eJihl Ha 9JieMeHTbl MaTpHII.bl CMeIIrnBa

HlfR TR)KeJioro HefiTpllHO c JiefKlfMlf HefiTpHHO Ve ll Vµ (pnc. 8). 
TToJiy'rnHHble orpaHlf'-IeHlfR RBJIRIOTCR 6oJiee )KeCTKHMll no cpaB

neHlf!O c pe3yJihTaTaMH KOJIJia6opaunlf CHARM. 
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