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· .· : B pe3ym,Tate aH&nH3a ABYX 3KCnep11MeHWB no pacnll,llaM Ki,•Me30HOB II nRTII 3Kcnep11• 
. MeHtoe · no npRMOMY po)l(JJ.emuo e+ e- 11 µ+" -. nap ( t+ i- · n11p&1) nony11etto yK113att11e Ha 
cyiuectBOB&Jllle aHOManl,HblX f +f- nap, He OTHOCRIUIIXCR K 11:JBeCTllblM IICTOIIIIIIKaM ,D.Hn80•: · 
TOHO~. MaCCbl aHOMam,HblX nap orpaHlllleHLI eenll'IIIHOA M(U) .S 0,38 - 0,42 r3B/c , Tipe.ll· c 
nollCeHa MO,llen& 06pa30B&HWI TllKHX nap 11epe3 npoMe>KyTO'lttylO ueA-rpani.uy10 ll&CTHLIY I(~ C. 
MICCOA nopR,llKa 0,4 r3B/c e II paC0&,llOM .· /( 0 

.. ri-n °' . rAe n °- nerKBII HeA-rpani.nan H8pe
r11ctp11pyeMB11 IUICTHU&, Pacn&,ll KL•Me30HOB C o6pa30B&HlleM aHOM&nbHLIX nap MO>KeT 6bl~b 
3anHc&H K&K K L .. 1< 0 n °,. ero otttoc11reni.uB11 eepontttocn, B3RTBII KaK cpeAttee MR ,lleyx . 
3Kcnep11Me11roe, paettlietcn .. (3,8 :t: 1,1),, 10 -~ O6p11:ioua1111e aHOMan&i11,1x t+i- nap e &Jl; 

pOIIHblX B3allMOA8itCTBHRX B03MOlKHO 11epe3 _ IIHKn10311BHbllt npouecc . h + h ... /( 0 + ... Cc11e-
. n11e 3Toro npouecca coctaennet = JO M1<6. OtHo'wettue· 3T0A ·een111111H&I K ce11enunM 111-1Kn10• 
3HBHoro "po)l(JJ.eHHR 6n11>KaAw11x no Macce M830HOB ·K;-'11, p,c.J COCTaBnReT B cpe,llHeM (4,1 ± .. . -a . . . 
± 1,4) , \O_"• . 

Pa6ota BLmonnena B na6opatop1111 BblC0KHX 3Heprffi\ mum. _.• 

_Coo6iueirne 061'8.llHHeHHoro IIHCTIITyta· R,llep.:iblx 11ccne,llOB&H11A. ,Uy6na 1989 

Sil've1trov L.V., T11khtamy1huv 0,0, Pl-119-452 
What Expurlment■ Say about PoBBlblllty oftheNew Parliclll Existance. 
with Masi Leas than the Kaan Maas · · · · · 

Analysis of data obtained In tw~ KL-decays experiments and five _e+ .,- and µ t ,r ( f +p
palra) prompt production experirrienta ·indicates an anomalous. t+ e-·palrs production which · 

. could not be ex plained by the known dilepton ·sources; 'The anomalous pairs masses are limite<l . 
by the·value :M(ff) .S 0.38 - 0.42 GeV/c. The model of these pairs formation la proposed 
over the Intermediate neutral particle " 0 with the mass about 0.4 GeV/c8_and the "o., ,+p-n °_ 
decay where: n° la the lliht unreiiatered. neutral particle. The Ki_;meaon decay a with the forina- . 
tion of the anomalous pairs can be written do_wn as Ki,~ 1< 0 n ° • The fraction of the decay 
mode aa the averaie for two experiments la equal to (3.8 ± 1.1), 10-.a. The anomalous t+e-. 
palra formation In hadronlc colllalona Is poaaible overthe Inclusive h + h ., " 0 + ... process. 
The.crci11 section of this process la equal to = 10. µ~ The ratio of this value to the averaie 

.lnclualve production cro11 section of the nearest mass mesons K, 11, p, c.J la equal to (4.1 ± 
• :t: 1.4) , 10-a. · . · · · · 

~ -·· 
. The lnveatliatlori baa been performed at the Laborato~y of H111h ,Eneriles, JINR. 
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KaK 6hmo noKa3aHO paHee/1-4/ npu peaHanirne HHq>OpMa1um, 3anH• 

CaHHOH Ha ycTaHOBKe Bl1C B 3KCnepHMeHTax no u3yqeHHI0 nonynenTOHHbIX 

pacmmoa KL•Me3oHoa I5I , JIOJIY:qeHo yKa3aHHe Ha aHOMaJILHOe 06pa3oaaHue 
BHe MHilleHH e+e- H µ+µ- ~ap (f+f- napLI), He 06'bHCHHIOI..UeeCH H3BeCT· 

HblMH q>OHOBhlMH npoueccaMH. HH)Ke KpaTKO H3JiararoTCH OCHOBHbie 3Tanbl 

3TOro aHaJIH3a H npHBO,D;HTCH ,a;aHHbie ,a;pyrux 3KCnepHMeHTOB, nO,D;TBep)K,D;a· 

IOI..UHe q>aKT aHOMaJibHOrO o6pa30BaHHH e+e- nap. 

1. AHAJil13 OBPA3OBAHl1H e+c OAP 

HA YCT AHOBKE Bl1C 

YCTaHOBKa, BKJIJOqaromaH MarHHTHblH cneicrpoMeTp H ,neTeKTOpbl 

3JieKTP0HOB H MIOOHOB, noMemanach Ha nyqKe HeH_TpaJibHbIX qacTHU c~pny• 

XOBCK0ro ycKopHTeJIH. TTepBOHaqaJibHOH ueJiblO 3KcnepHMeHTa HBJIHJIOCb 

u3yqeHHe pereHepauuu KL - K8-Me3oHoa Ha ,a;eHTepuu. PerHcTpupoaanucL 

napbl 3apH)KeHHbIX qacrnu C aepllIHHOH B pacna,a;H0M o6'beMe. OimcaHHe 

ycTaH0BKH u npoue,a;ypbl H,D;eHTHq>HKaQHH nenT0H0B co,a;ep)KHTCH e pa6o

Tax16·91 . AHaJIH3 o6pa30BaHHH e+e- nap BKJIJOqaJI CJie,a;yromue 3TanhI. 

+ - + -1.1. CpaBHHBaJIHCb pacnpe,a;eJieHHH HHBap~aHTHbIX Mace e e H µ µ nap, 

H,D;eHTHq>HUHpOBaHHbIX ycTaHOBKOH, C aHanoruquhJMH pacnpe,a;eJieHHHMH ne 
+ - + -

u "ll nap OT pacna,a;oa K 03 ➔ "- e+ v 0 u Kµ_a ➔ "-µ + 11µ (Kea pacna,a;h1) 

B npe,a;noJIO)KeHHH, ~o nHOHbl HMeIOT Macey nOKOH C0OTBeTCTBYIOI..Uero 

JienTOHa. 3TH pacna,a;hl HBJIHIOTCH 0CHOBHblM HCT0quHKOM q>ona, Kor,a;a 

f+f- napbl HMHTHpyIOTCH 3a cqeT HenpaBHJibHOH H,D;eHTHq>HKaUHH nHOH0B 

KaK nenT0H0B. 

ECJIH ~ce H,D;eHTHq>HUHpOBaHHhie ycTaHOBKOH e+e- napbl OTHOCHTCH K 

qioHy OT 77£ nap, pacnpe,a;eneHHH M (f O H M ( "f) ,a;oJI)KffbI coana,a;aTL npu 

O,D;HHaKOBOH H0pMHpOBKe ( 0 npoaepKe 3TOro YTBep)K,D;eHHH CM, n.1.3) • 

3TH pacnpe,a;eneHHH npuae,a;eHhI Ha puc. la,a. Bu,a;no, qTo a ,D;aHH0M 3Kcne• 

pHMeHTe OHH He COBna,D;aIOT: Ha6JIIO,D;aeTCH H36bITOK e+e- nap (rHCTOrpaM· 

Mbl) OTHOCHTeJibHO q>OHa (TOqKH) B JieBOH qacTH pacnpe,a;eneHHH H He,D;o· 

CTaT0K e npaaou. Hau6onee ecTeCTBeHH0 TaKyIO KapTHHY MO)KHO o6'bHC· 

HHTb TeM, ~0 HMeeTCH HCTOquHK f+f- nap, He OTHOCHLUHHCH K YKa3aH· 

HOMY q>OHY H C03,IJ;aIOLUHH H36bITOK nap B neaou qaCTH Maccoeoro cneicrpa. 
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Puc. 1. a - pacnpeiJe.neHue uHeapuaHTHblX .Mace e + e- nap, uiJeH

rn¢u14upoeaHHblX e 3KcnepW>leHrax EHC ( zucrozp<l.M.Ma). To11-

KU - pacnpeiJe.neHue fPOHOBblX co6blTUU, HOp.MupoeaHHOe Ha 
nonHoe 11ucno e + e- nap. KpueaJI - TO J/Ce npu HOp.MupoeKe Ha 

npaey,o 11acTb zucrozp<l.M.Mbl. 6 - pacnpeiJe.neHue· pa3HOCTU .MeJIC· 

iJy 2UCT02pa.M.MOU U KpUBOU, 8,2 - TO J/Ce 0/lJI µ+µ.- nap. 

.[{JIH Toro, tfI'06bI Bbl,IJ;eJIUTb TaKUe napbl, npuMeIDIJiaCb o6menpUHHTaH B 
TaKnx cnyqaHX npoueAypa: <ponoeoe pacnpeAenenue coeMemanocb c 3Kcne
puMeHTaJibHbIM B TeX 6unax, rAe ne na6JIIOAaeTCH U36bITKa £+£- nap ( KpU· 
Bbie na puc. la,e) , a 3aTeM cTpoUJIOCb pacnpeAenenue pa3nocrn Me)K,l];y 
rucTorpaMMOH u Kpneoii (puc. 16,r). IlpaKTnqecKn 3Ta npoueAypa cooraeT
crayeT nopMnpoeKe <pona no npaeoii qacTn 3KcnepuMeHTaJibHOH rucTo
rpaMMbI. Maccoeble cneKTpbl U36bIT0qffblX nap, KaK CJieAyeT U3 pucynKa, 
orpanuqenb1 eenuqunoii M(~ee) 5 0,34 r3Bf.c 2 u M(~µ.µ) :S 0,38 r3B/c 2

• 

Ta6nu14a 1 

N(K
113

) N(eo) N(6 ee) N(Kl"J) N(ff) N'6f'f') 
N~ee) ~ -3 --10- •10 
N(K

8
'3) N(Ki'l1 ) 

BiC 276II 451 56±14 78000 1362 109±28 2,D.t0,5 1,4±0,3 

6EPKJil1 16730 75 36±,8 12846 697 4D,t40 2,2.:t.0,5 S,I.:1;.+S,l 
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JieeaH r,Pannua npueeAeHHbIX . cneKTpoe onpeAeJIHeTcH aKcenTancoM ycm
HOBKU. qUCJIO U36bITOqffblX: nap N (~ £ £) " Apyrue AaHHbie, OTHOCHlUUeCH 
K 3KcnepnMeHTY, npUBeAeHbl B nepeoii CTpOKe TaQJI. 1. 

' ' ' + -
1.2; 11cnoJib30_Banac_b UH<pOpMaQUH O e- µ.+ napax, HAeHTU<pUUUpoean-

HblX ycTaHOBKOH;·::hu napbl B03HUKaIOT B pe3yJibTaTe <pOHOBbIX npoueccoe, 
KOrAa B Kea pacnaAax nuon _nenpaBUJibHO HAeHTU<puuupyeTCH KaK. MIOOH, 
a B Kµ.a pacnaAax nuon nenpaBUJibHO nAeHTn<pu~pyeTcH KaK 3JieKtpon. 
Ecnu npeAnOJIO)KIITb, tfl'O Bee UAeHTU<pU~pOBaHHbie YCTaHOBKOH e+e - ' 
µ + µ - " e ±µ + napbl o6ycJIOBJieHbl nenpaBUJibHOH UA0HTU<pHKa~eii TIUOHOB + - . . 
U3 77£ nap, TOrAa qlfCJIO 0 -µ+ nap MO)KHO paccquTaTb U3 COOTHOllleHUH: 

N(ee) N(µ.µ) 
N(eµ.) 1 = N( 77µ ) -- + N(77e) -- • 

N(77e) N(77µ.) 
(1) 

3AeCb N 0603naqaeT qucno co6b1Tnii:. 
Ecnu :>Ke qacTb e+e- nap N(~ee) H N(~µ.µ.) ne OTHOCUTCH K yKa3aHHO· 

MY <pony, TOrAa COOTHOlllenue (1) 3anuI1IeTCH B BUAe: 

N(eµ) = N ( 77µ.) N(ee) - N(~ee) + N ( 77 e) N(µµ) -N(~µµ.) 
2 N(77e) N (77µ.) 

(2) 

,[{JIH npoeepKH 3THX COOTHOllleHHH OT6upanucb co6bITUH, B KOTOpbIX 
Ka)K,l];aH qacTnua napbl nonaAana B anepTypy U AeTeKTOpa 3JieKTpOHOB U AeTeK
Topa MIOOHOB, npu 3TOM UMnyJibCbl qaCTUU orpanuqueanucb eenuqunoii: 
9-16 r3B/c, rAe UAeHTU<pUKaQUH 3JieKTpOHOB npOU3BOAUTCH nau6onee 
yeepenno • .[{JIH 3TUX co6bITUH onpeAeJIHJIOCb qHCJIO U36bJT0qffblX nap N(~ee) 
" N(~µµ) MeTOAOM, U3JIO:>KeHHblM B n.1.1. 3aTeM paccqUTbIBaJIUCb 3naqe1;1uH 
N(eµ) 1 u N(eµ.) 2 u cpaenueanncb c 3KcnepnMeHTaJibHbIM qucnoM N(eµ.) = 

· aKcn 
700 • .[{JIH COOTHOllleHUH (1) pa3HOCTb Me)K,l];y pacqeTHbIM" 3KcnepuMeH-

+ -
TaJibHbIM qlfCJIOM e-µ + nap COCTaBUJia 177 ± 41, AJIH COOTHOllleHUH (2) -
34 ± 41. BUAHO, q-ro AJIH cnyqaH nyneeoii runoTe3bl ( OTCyTCTBUe U36bIToq
HbIX £+£ - nap) 3Ta pa3HOCTb BbIXOAUT 3a qeTbipexKpaTnyIO OIIIU6Ky, tfl'O 
COOTBeTCTByeT ypOBHIO AOCTOBepHOCTU nopHAKa 10-4, 

TaKUM o6pa30M, AaHHblH MeTOA AaeT He3aBUCUMYIO npoeepKy cy
mecTBOBaHUH U36bITOqffblX f£- nap B AOnOJIHenue K ME!TOAY, OCHOBaHHO-
MY Ha aHaJIU3e MaCCOBblX cneKTpOB 77£ U ff nap. + _ 

Ha puc. 2a npueeAeno pacnpeAenenue uneapnanTHbIX Mace e - µ+nap, 
UAeHTU<puuupoBaHHbIX YCTaHOBKOH (rucTorpaMMa). ToqKaMU o6o3naqeno 
pacnpeAenenue M( e µ) , paccqn:Tannoe ucxoAH u3 cooTHOI1IeHnH ( 1) u Macco-
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Puc. 2. a - pacnpeoeneHue UH~ 
+ -

eapuaH71lblX MQCC e - /l + nap, 
uoeHTUgiuqupoeaHHblX e 3Kcne
pw.teHTe EHC, u pac11embze pac

npeoeneHwi 3TUX eenu11uH. llo-
11cHeHwi · oaHbl e reKcTe. 6 -

pa3HOCTb Me:JKoy 2UCT02paMMOU 

U KPU60U. 

BhlX cneKTpOB 770 H TT/l nap. 
KpHBaH nonyqeHa H3 COOT
HOllleHHH (2). BHAHO, qTo 
Me>K,ny rHCTOrpaMMOH H 
KpHBOH He HMeeTCH 3Haqff
MOro pa3nHqffH. B KaqecTee 
Hnmocrpauim Ha pHc. 26 
noKa3aHO pacnpeneneHHe 
pa3HOCTH Me>K,ny HHMH. 

3JO _CBHneTenhCTByeT O TOM, qTo B naHHOM 3KcnepHMeHTe He Ha6monaeTCH 
e- /.L + nap, npeBhilllaIOI.UHX ypoeeHh <poHa. , 

1.3. TTpoeonHnOCb MonenHpOBaHHe £+£- nap C uenblO npoeepKH Toro, 
He o6ycnoeneHhI nH Ha6nronaeMhie e 3KcnepHMeHTe H36hJTOqffhie naphI 
nH6o MeTOnHqecKHMH 3<p<peKTaMH, nH6o npyrHMH H3BeCTHhlMH <pOHOBhlMH 
npoueccaMH, KpoMe Kea pacnanoe. MonenHpOBaHHe e+e- nap, cnenaHHOe B 
npennono:>KeHHH, ~o ece OHH HBnHIOTCH proynbTaTOM HenpaBHnbHOH ttneH
TH<pHKauHH IlHOHOB B Kea pacnanax, He nOKa3MO KaKoro-Jm6o H36bITKa 
nHnemoHHhlX nap no OTHOllleHHIO K <po Hy. Ha 3TOM 3Tane Hcnonh30BMHCb 
MarHHTHble neHThl C 3anHCblO MonenHpOBaHHhlX Kes pacnanoe nna pa6oT 151• 

MonenHpOBMHCb TaK)Ke npyrHe H3BecTHhie HCTOqffHKH <pOHa: pacnanhl KL
Me30HOB, KpOMe paCCMOTpeHHhlX Bhlllle, Ks -Me30HOB, B03HHKaIOIUHX · 
npH pereHepauHH KL -K8 , a TaK)Ke e+e- naph1, 06pa3yroI.UHeca npH B3aHMo- · 
neiiCTBHH HeHTpOHOB nyqKa c anpaMH renHH a pacnaAJ{OM o6'beMe. BbmO . 
HattneHo, ~O BKnan 3THX HCTOqffHKOB B qffcnO H36blTOqffblX e+e- nap He 
npeab1rnaeT 15% nna e+e-nap H 8% nna /.L+/l-nap. 

CpaaHeHHe pacnpeneneHHH z -KOOPnHHaT aeprnHH e+e- nap ( Z-Koop
nHHaTa COOTBeTCTByeT npononbHOH OCH YCTaHOBKH) nna 3KcnepHMeHTMb-. 
HhIX H MonenHpOBaHHhlX co6bITHH n03BOnHE!'I' 3aKJIIOqffTh, ~o HaH6onee ee
· POHTHhIM. HCTOqffHKOM H36bITOqffbIX nap HBnHIOTCH pacnanhI KL•Me30HOB 
(nH6o pacnanhl npyroii nonro)KHBymeii HeiiTpanbHoii qacrHUbI c 6nH3KOH 
Maccoii). 
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2. 113Y1IEHl1E e+e- nAP B 3KCTTEPl1MEHTAX 
, C HEiITPAJihHblMl1 KAOHAMl1 rPYTTTTbl BEPKJil1 

. 
Ha 63BaTpOHe (Bep1qm) C noMOIUblO MarHHTHOro cneKTpOMeTpa pe-

rHCTpHpOBMHCb pacml~hl KL •Me30HOB C HMnynbcaMH 0,8-3,2 r3B/c 1101 • 

TTapbI e+e- H3yqanHCb C UenblO nOHCKa npennonaraeMoro B MonenH Ill/ Xo -
Me30Ha. 3neKTpOHhl HneHTH(pHUHPOBMHCb no qepeHKOBCKOMY H3nyqeHHIO 
a ra30BhIX cqeTqffKax, MIOOHhI - no nnHHe npo6era a KanopHMeTpe, conep
)KameM TOpM03HOH 6noK H3 yrnepona H pacnono)KeHIIbie 3a HHM cnoH )Ke
ne3a H CUHHTHnnHTOpa. B pa6oTe naHhI rpa<pHKH pacnpeneneHHH HHBapHaHT
HhlX Mace e+e- nap, HneHTH(pHUHpOBaHHhIX ycTaHOBKOH, a TaK)Ke aHanOrHq
Hhie rpa<pttKH nna ne H TT/l nap OT K 03 H K µa pacnanoa a npennono)KeHHH, 
~o ace nH0Hhl B 3THX pacnanax HenpaBHnbHO HneHTH(pHUHPYIOTCH KaK 
COOTBE!'I'CTBYIOIUHe nenTOHhI. • 

TaK )Ke, KaK B 3KCnepHMeHTax B:HC, 6onblllaH qacTb e+e- nap o6'bHC
HHE!'I'CH HenpaaHnbHOH HneHTH<pHKauHeii nHoHoe a 1rC napax. Ha pHc. 3a 
npHaeneHhI pacnpeneneHHH M(ee) (rHcTorpaMMa) H M(TT e) (ToqKH), nepe
CqffTaHHbie c rpa<pHKOB, npHaeneHHhlX a UHTHpyeMOH CTaTbe. HaMH 6bmH 
yKpynHeHbl 6HHhl, H qffCno 178 nap HOpMHpOBaHO Ha nonHoe qHcno e +e-nap. 
BHnHo, ~o KapTHHa noeTopae-r Ty, qTo npHaeneHa Ha pHc. la: Ha6nronaeT
ca HenocTaToK e+ e - nap OTHOCHTenbHO <poHoaoro pacnpeneneHHH e ero 
npaaoii qacTH H H36bITOK B neeoii . .Una BhineneHHH H36bITOqffblX e + e - nap 
npHMeHanacb npo-
uenypa, onHCaHHaa a 
n.1.1: <pOHOBOe pac
npeneneHHe HOpMH· 
poeanocb no npaaoii 
qacTH rHCTOrpaMMbl 

(Ha pHCYHKe noKa-

3aHO KpHaoii), a 3a- N · 

Puc. 3. Pacnpeoe11eHue 
UH6apuaHTHblX Mace e + e" 

U µ + µ - ~p, UOeHTU· 

giuqupoeaHHblX 6 3KC· 
nepw.teHre EepK11u. 

0601Ha'leHwi re xe, 11ro 
Ha puc. 1. Kpue(l.R Ha 

puc. 3e no11y11eHa HaMU 
MeroooM Mooe11upoea

HWl K µS pacnaooe e 
3TOM 3KCnepw.teHTe. 
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TeM CTp0llJI0Cb pacnpe,neneHHe pa3H0CTll Me)K.IJ;y HllMll (pllC. 36) • KaK Bll,n
H0 ll3 pllCYHKa, MaCCOBbIH cneKTp ll36blTOllHbIX e + e - nap orpaHlllJeH aeJill
llllHOH M(b.ee) s 0,36 r3B/c 2• 

Ko3cpqmutteHT HenpaBllJibHOH ll.IJ;eHTll<pllKal\lm MIO0H0B B 3KcnepttMeH
Tax BepKJill 6bIJI 3HallllTeJibH0 6onbwe, lleM B 3KcnepHMeHTax Bl1C, l!T0 CBH-
3aH0 C 6onee Hll3KOH 3HeprtteH nyl!Ka KL-Me30HOB Ha foaaTpOHe. ,[\Jrn pac
l!eTa 3Toro K03<p<pllQlleHTa HaMll 6bIJIO npoae,neH0 M0.IJ;eJillp0BaHlle Kµ3 pac
na,noB Ha 0CH0Be Tex .IJ;aHHblX 06 YCTaI-I0BKe l{ nyl!Ke KcMe30HOB, KOT0pbie 
co,nep:>KaTCH a cTaTbe. B Kal!eCTBe penepHoro 6bmo npttHHT0 pacnpe,nene
Hlle llHBapllaHTHbIX Mace rrµ nap, npHBe,neHH0e aBTopaMll. IlapaMeTpbl 
MO,IJ;eJIHpyromeii nporpaMMbl K0ppeKrup0BaJillCb TaK, l!T06bI pacnpe,nene
Hlle M(rrµ) .IJ;JIH M0,neJillp0BaHHblX, l{ 3KCnepHMeHTaJibHblX co6hITllH corna

C0BblBaJI0Cb. 3aTeM 6bIJill nonyl!eHhl llMnyJibCHbie pacnpe,neneHHH nll0H0B tt 

MIO0H0B, tt Ha HX 0CH0Be paCCllllTaHhl .IJ;JillHhl npo6eroa a KaJI0pllMeTpe tt 

.nonH pacna,noa rr ➔ µv B npe,nenax ycraH0BKll. Pacnpe,neneHtte HHBapttaHT
HhIX Mace µ + µ - nap OT HenpaBllJibHOH ll,IJ;eHTll<pllKaQHll rrµ nap, nonyl!eHHoe 

npll Mo,nenttp0BaHllll, o603HalleHO KpllBOH Ha pllC. 3a. rttcTorpaMMa Ha 
+ -3T0M pllCYHKe ,naeT MaCCOBblH cneKTp µ µ nap, H,neHTll<plll~llpOBaHHbIX 

YCTaHOBKOH. 

Ha pllC. 3r .IJ;aH0 pacnpe,neJieHlle pa3H0CTll Me:>K,ny rllCTOrpaMMOH l{ 

KpllBOH, K0Topoe C00TBeTCTByeT MaCC0B0MY cneKTPY ll36hITOllHbIX µ + µ -
nap. 3TOT cneKTp orpaHHl!eH BeJillllllHOH M(b.µµ) 5 0,40 r3B/c 2. 

OnllCaHHaH npoue.nypa M0,neJillp0BaHllH HBJIHeTCH nepBbIM nptt6Jill:>Ke
HlleM, K T0MY :>Ke no,npo6HOCTll H,neHru<pllKaQllll MIO0H0B a CTaTbe He npll
B0.IJ;HTCH, n03T0MY npll onpe,neneHllll K0Jllll!eCTBa ll36bITOllHbIX µ + µ - nap 

CllCTeMaTlll!eCKaH owtt6Ka llMeeT TOT :>Ke nopH.IJ;0K, l!T0 l{ CaM 3cp<peKT. 
qttcno tt36bITOl!Hhix· nap N(b.£f) B 3KcnepttMeinax Bl1C ll BepKJIH, a TaK:>Ke 

llllCJI0 BCeX llAeHTll<pllQllpOBaHHbIX e+ f - nap, K fa pacna,noB ll 0TH0WeHHe 

N(b.ef) 
R = --- npHBe,o;eHbl BO BTOpOH CTp0Ke Ta6n. 1. 

N(Kea) 

OTHOWeHHe R cornacyeTCH _,nJIH o6ottx 3KCnepttMeHT0B. BMeCTe C 
TeM <paKTOM, l!T0 rpaHllQbl MaCC0BhIX cneKTp0B ll36bITOllHblX f+f- nap B 

060HX CJiyl!aHX C0Bna,naIOT B npe,nenax 20 M3B/c 2, 3T0 CBH,neTeJibCTByeT 0 
HecnyllattHOM xapaKTepe Ha6nro,o;aeMoro 3cp<peKTa. 

3. OBCY)K,!I;EH11E BO3MO)KHbIX MO,!I;ERE:0: 
OBPA3OBAHl1.H AHOMAnhHbIX e+e-nAP 

3.1. Mo,neJIHpOBaHlle B03M0:>KHbIX llCT0llHllK0B e+e- nap B 3KCnepll
MeHTax Bl1C no,o;po6Ho onttcaHo B 12,31 . IlocKOJibKy pacna,o;HhIH o6'beM 
3anoJIHHJICH reJIHeM, 6bIJIH paCCM0TpeHbl ace npou;ecCbl B03HHKH0BeHHH 
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L '- nap npll HeynpyrHx B3allM0,o;eHCTBllHX HeHTp0H0B nyl!Ka C H,npaMH re-. 

JlllH, H HaH,IJ;eHo, l!T0 HX BKJia,n; He npeBbIWaeT 5% OT Ha6nro,naeMoro llllCJia 
H36bITOllHblX (aHOMaJibHhIX) f+f- nap. B 3KCnepHMeHTax BepKJIH 87% CTa

THCTHKH Ha6HpaJIOCb T0r,na, K0r,na a pacna.n;H0M o6'beMe 6bIJI BaKyyM. 
OTcro,na cne,nyeT, ·l!To Hatt6onee Bep0HTHbIM llCT0llHllK0M aH0MaJibHbIX .IJ;ll
nemoHHblX nap_B· o6ollX 3KCnepHMeHTax HBJIHIOTCH p3:cna,nhI KL-Me30HOB. 

,!J;JIH M0,IJ;eJillp0BaHHH B03M0:>KHhlX llCT0llHHK0B f-t-f- nap B .3KCnepll

MeHTe BepKJIH HaMH npHMeHHJiaCb nporpaMMa, onllCaHHaH B npe,nhIAYI.UeM 
pa3,nene. 

BH,n MaCC0BhIX cneKTp0B aH0MaJibHhIX C" f- nap - nptt6Jill3llTeJibHO 
"KOJIOKOJIOo6pa3HaH" cpopMa C BepxHeH rpaHHQeH Mace OK0JI0 0,38-

0,40 r3B/c
2 

- yKa3bIBaeT Ha TO, l!T0 B pacna.ne .IJ;0JI:>KHbl npllCYTCTB0BaTb 
0.IJ;Ha l{Jll{ HeCK0JlbK0 HeHTpaJibHbIX llaCTllU, YH0CHI.UllX He,nocTruomyro 3Hep
rllIO =0,10-0,12 r3B/c 2. IlpocrniiwaH cxeMa TaKoro pacna,na: 

+ -
KL ➔ e e x 0

, (3) 

r.ne X
0 

o603HallaeT HeHTpaJibHYIO HeperllCTpttpyeMyro l!aCTllUY C Maccoii 
nopH,nKa He,nocTaromeii 3Heprtttt. 

Bonee CJI0:>KHbie cxeMbl BKJIIOllalOT npoMe:>KyT0llHbie 3apH:>KeHHbie llJIH 
HeHTpaJibHbie l!aCTHUbl x+, X -, X 0 : 

+ 
KL ➔ X + X 

Le+n° L.. rn° (4) 

KL ➔ Xo +no 
Lte-n° 

(5) 

O603Hal!eHHe n ° 0TH0CllTCH K HeHTpaJibHOH 6e3MaCCOBOH (llJil{ n0l!Tll 6e3-
MaCCOBOH) llaCTllu;e. 

Ilptt Mo,nenttp0BaHHll pacna,noa (3)-(5) a 3KcnepHMeHTax Bl1C H 
BepKJIH Tpe6oBaJIOCb, llT06hI pacnpe,o;eneHHH HHBapHaHTHbIX Mace e+e.- nap 
cornac0BhlBaJillCb C aHaJI0rlll!HbIM pacnpe,neneHHeM AJIH aH0MaJibHbIX nap. 
Ilo.nroHOllHhIM napaMeTpoM HBJIHJiacb Macca X-llaCTllU M(X) . OHa npttae
,neHa a Ta6n. 2 BMeCTe c 0TH0CHTeJibHOH aep0HTH0CTblO pacna,noa no Ka
HaJiaM C o6pa30BaHHeM e + e- . H µ +µ - nap H l{X cyMMe, K0T0pbie paCCllllTbI
BaJIHCb H3 C00TH0WeHHH: 
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' ,, 
II 
·', 

Bee 
N(i.\ff) 71(Kes) 

NCKes) dH) 

3.necb N - llHCilO co6hITHH, 77(Ke3) - OTHOCHTenhHruI eepO.RTHOCTh Kes tt 
KµS pacmi,noB, f (ee) - 3cpcpeKTHBHOCTh perHCTpaQHH e+c nap, nonyqeH
HruI npH Mo.nenttpOBaHHH. 3HaqeHH.fl Bf£ He npOTHBOpeqaT HMeromeuc.a He
onpe.neneHHOCTH B H3MepeHHH naputtanhHhIX umpHH H3BeCTHhlX MO.rt pacna

.na K L~Me30HOB / 121 . 

30 

20 

10 

N 
15 

10 

5 

8 

60 

0,2 0,3 0,4 0,3 0,4 

& 120 

60 

0,3 0,35 0,35 0,4 

M(ee). r3B/c2 

Puc. 4. Pacnpeoene1me u11eapua11THblX Mace aHOMa/lbHblX (u3• 

6bZTO'IHb1x) nap B 3KcnepUMeHTe EHC (au 6) u B 3KcnepUMeH

Te EepKIIU (8 u z). KpUBble 1,2,3 OTHOCJITCJI K MOOe.llJIM pacna

oa, o603Ha'leHHblM 8 TeKCTe KaK (3), (4) u (5). 

0,5 

3 

r 
! 

.. 

) 

.. 

, Ta611ulja 2 

B l1 C 
. 

B E P K JI l1 

MO- M(X) Bee BMM B~~ M(X) Bea ~ Bet 
,I(FJII:, raB/02 xio-3 xro-3 xro-3 raB/c2 xro-3 xro-3 xro-3 

(3) 0,13 2,6±0,6 0,90±0,24 3,4J:.0,6 O,II I,6;1;0,3 I ,3J;.l,3 2,9±1,3 

(4) 0,20 2,2±0,6 0,75±0,20 2,9-.t0,6 0,20 3,0j;0,6 l,5±1,6 4,6±1 ,6 

(6) 0,40 4,4±,I;O 0,87;1;0,23 6,3;1;1,0 0,42 l,2,t0,26 l,2±1,2 2,4±,I ,2 

Ha pttc. 4 npttee.neHbl pacnpe.neneHHH HHBapllaHTHblX Mace aHOMailbHblX 
e+e- nap B 3KcnepHMeHTax BHC H EepKnH (rHCTOrpaMMbI). KpHBhie 1,2,3 

+enoKa3hrnaroT auanornqHhie pacnpe.neneHHH Mo,o;ennpoeauHhIX e . nap e 

pacna.nax (3)-(5) npn 3Hatiemrnx Mace M(X), yKa3aHHhIX B rn6n. 2. Pe3ynh
TaThI MO,o;enHpOBaHHH npaKTH'leCKH He MeHHIOTCH, ecnH n° npHnHCaTh Mac
ey OT HynH .no HeCKOilhKHX M3B/c 2. Pa3yMHO C'IHTaTh, 'ITO 3Ta Macca ,!J;Oil)K
Ha 6bITb MeHhWe .neyx 3IleKTpOHHblX. KaK BH,ll;HO H3 pncyHKa, pacnpe,o;ene

mrn M(fe) .z:tnR ecex Tpex Mo,o;eneu cornacyroTcH B npe,o;enax owtt6oK. 
1fro6bI BbI6paTh O,D;HY H3 HHX, HyiKHO npHBne'lb ,o;aHHbie .npynrx 3KcnepH
MeHTOB. 

3.2. B cxeMe (3) Hatt6onee npocToii 6hma 6b1 HHTepnpeTauH.a X° KaK 

rr0 -Me30Ha. O.nnaKO np.RMbie H3MepeHHR TaKHX pacna.noe ,ll;aIOT HX OTHOCH
TenhHYIO ~oHTHOCTh B(KL ➔ e+e-11°) < 2,3 •10-6 H B(KL➔._µ+µ-11°) 
< 1,2 · 10 112,: 3rn UHq>pbl npOTHBopetiaT senH'lirHe Be,e .nn.a cxeMbl (3). 

TTottcK npoHHKaIOII.(HX qacTHU c HeHyneeoii Maccoii THna X 0 e cxerv1e 
(3) npOBO,D;HnC.fl B pacna,o;ax 3apHiKeHHblX KaOHOB. B pa6oTe / 131 H3yqanHCb 
pacna,D;hl K + ➔ 11+ X0 

• KaOHbl OCTaHaBilHBanHCh B TOHKHX CilOHX CUHHTttnn.a-
+ TOpa, HCKanHCb ,ll;HCKpeTHhle IlHHHH B 3HepreTH'leCKHX cneKTpax 1T Me3o-

HOB. TaKHX co6bITHU He 6bmO o6HapyiKeHo, e 'laCTHOCTH, e o6nacrn Mace 
M(X 

0
) :: 100 -150 M3B/c .no ypoeH.a OTHOCHTenhHOH eepo.amocTH 10-5• 

K 3TOMY iKe THny 3KCnepHMeHTOB OTHOC.flTCH IlOHCKH T.fliKenoro Hem-
. + + K+ + /14/ v pHHO IIH B pacna.nax K ➔ e II H H ➔ µ II H • ,lln.a OTHOCHTenbHOH ee-

pOHTHOCTH pacna.na B o6nacTH Mace M(11H) = 100 -150 M3B/c 2 nonyqeH 
npe.nen 1,4 · 10-7. 

TaKHM o6pa30M, HMeIOII.(H0C.fl 3KCnepHMeHTanhHhie ,ll;aHHbie He no.n
TBep~aroT cymecTBOBaHHR MO,ll;bl pacna.na (3) Ha ypOBHe OTHOCHTenbHOU 
eepo.RTHOCTH, yKa3aHHOU B Ta6n. 2. 
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PaccMoTpHM pacna,n; ( 4). lfa Toro cpaicra, tITo B 3KcnepnMeHTax Bl1C 
+ -He Ha6mo,nanocL e-/l+ nap, KpoMe cpoHOBbIX OT Kea pacna,n;oB, cne,nyeT, tITO 

npoMe)KYTOqHbJe x+x - qaCTHnbl B AaHHOM pacna,n;e ,t(OJI)KHbl HMeTb O,nHHaKO
BOe nenTOHHOe qHCJIO li po)K,t(aTbCll napaMH. :3To HCKJiloqaeT HX po)K):(eHHe B 

+ + + -
pacna,n;ax 3apll)KeHHbIX KaOHOB K- ➔ 77-x X , TaK KaK cyMMapHall Macca 
M(X+) + M(XJ = 0,4 r3B/c 2 npeBLilllaeT pa3HOCTb Mace M(K ) - M(") . 

,lJ;eHCTBHTeJibHO, He 6bIJIO o6Hapy)KeHO pacna,n;OB 3apll)KeHHbIX KaOHOB, co
,nep)Kamux B KOHeqffOM COCTOllHHH nnoH, ,nliJienTOHHyIO napy H OAHY liJIH 
6oJibllle HeHTpaJibHhix qacTHU (3,necb li ,nanee Mbl ~e 6y,neM paccMaTpHBaTb 
CJiyqau;: KOr,na f+f- naphl pO)K):(aIOTCll 3a cqeT BHyTpeHHeH KOHBepCHH q>O

TOHOB). 
+ 

IloHCKH KOpOTKO)KHBYI.UHX 3aJ)ll)KeHHhIX qacTHU THna x-, pacna,n;aro-
1.UHXCll Ha 3apll)KeHHhIH nenTOH H o,nHy HJIH ):(Be HeHTpanbHhJe qacTHUbI, npo
BO,t(HJIHCb B HeCKOJibKHX 3KCnepnMeHTax Ha YCKOpHTeJillX C BCTpeqHbIMH 
e+ e - nyqKaMn. B Han6onee npocTOM cnyqae, Kor,na napa 3apJI)KeHHhIX qa
CTHU po)K,t(aeTCll qepe3 aHHHrliJillUliIO BHPTYaJlhHOro q>OTOHa, ceqeHne HX 
po)K):(eHHll CBll3aHO c ceqeHneM po,IQJ.eHHll /l + /l - nap a (/l /l): 

+- +- 3'/ a(e e ➔ (y) ➔ X X ) = a(µ/l) fJ 4 ):(Jill CKaJIH.pOB 

a(e+ e- ➔ (y) ➔ X +x ") = a(/l/l ){3(3- 132);2 ):(Jill cpepMHOHOB 

' 

(6) 

(7) 

3,necb fJ OTHOCHTCll K X-qacTHUaM. 
+ 

Ilpu Macce M(X-) = 0,2 r3B/c2 u 3Hepruu BcTpeqffhIX nyqKoB nopll,n-

Ka 30 r3_B, ,t(OCTHrHyTOH Ha COBpeMeHHhlX ycKOpHTeJillX, BeJIHqHHa /3 npaK
TuqecKH paBHa e,n11Hune, u po)K):(eHne x+x- nap Mor no 6b1 6hITb o6Hapy)KeHo 
no yBeJiuqeHHIO BhIXO,na f+f- nap, COH3MepHMOMY C BeJIHqliHOH a(/lµ ), 

nu6o no H3MepeHnIO HeKoMnnaHapHOCTH TaKnx nap. 11Meromuecll 3Kcnepu
MeHTaJibHhte pe3yJILTaThl He ,naIOT ,noKa3aTeJibCTB cymecTBOBaHHll HCKO
MhIX qacTHU ,no rpaHHUhI Mace M(X±) < 20 - 25 r3B/c 2 Ha 95% y.,n.1151 , 

TO ecTb He cornacyroTCll C B03MO)KHOCTbIO cymecTBOBaHHll cxeMbl pac
na,na (4). 

Mo,nenb pacna,n;a ( 5) npe,nnonaraeT cymecTBOBaHne KopoTKO)KHBymeft 
HeHTpanbHOH qacTHUhI c MaccoH 0,40-0,42 r3B/c 2 (o6o3HaquM ee cnMBonoM 
"Kanna" KO), pacna,n;aromeHCll no cxeMe KO ➔ e+e -n O • TaK )Ke, KaK ff B 

n~e,nhIJf_YI.UeM cnyqae, 3anpemeH pacna,n; 3apll)KeHHbIX 1caoH0B no cxeMe 
K - ➔ " - K O 

, nocKOJibKY Macca K 
O npeBhilllaeT pa3HOCTb Mace M (K )- M (") . 

1fro KacaeTCll pacna.n;oB 6onee Tll)KeJiblX qacTHU, TO H3BeCTHhl 3KCnepnMeH
Thl Ha BcTpelll!hIX e+e- nyqKax no noucey e+e- nap npu pacna,n;e a,n;poHoB, 
co,nep:lKaI.UHX C-H b-KBapKH. He 6bIJIO o6Hapy)KeHO TaKHX nap, npeBbllllaIO
mux Benuq1,my pacqeTHoro cpoHa 1161 • 
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I ., 

Ha BCTpeqffbJX e+ e- nyqKax TaK)Ke npoBO,t(HJIHCb nOHCKH npllMOro 
pO)K):(eHliJI HeHTpaJibHhIX qacrnu, pacna,n;aromuxcll Ha napy 3apll)KeHHhlX Jien
TOHOB H O,nHy liJIH HeCKOJibKO HeHTpanbHhIX qacTun. Pacna,n;hl TaKoro THna 
paccMaTpHBaIOTCll, HanpnMep, B Mo.zienu HeCTaH,napTHhIX xurrCOBCKHX 6030-
HOB (unu ux cyn_epnapTHepoB xurrc11Ho), r,ne npe,nnonaraeTcll cymecTBo
BaHHe ,nByx HeHTpanbHhlX 6o30HOB - CKaIIllpa H nceB,nOCKaIIllpa hfhf, O,t(HH 
H3 KOTOpbIX MO)KeT 6bITb nerKHM H CTa6l1JlbHhIM. 0HH MoryT po)K):(aTbCll 
qepe3 BHPTYaJibHhIH Z0 -6o30H: 

e+ e- ➔ (Z 0 ) .. h1 h 2 C pacna,n;oM h O ➔ e+n-h O 2 L 1 • (8) 

CeqeHne po)K,neHHll a (h 1 h ;) 3anncLrnaeTcll no aHanoruu c Bb1pa)KeHn
eM ( 6) , r,ne BMeCTO a (/l µ ) no,nCTaBJilleTCll ceqeHne po)K):(eHHll napbl HeHTpH
HO·aHTHHeHTpHHO a(vv). Co6bITHH THna (8) He 6bIJIO HaH,neHC>, O,nHaKO TO· 
nonornll pacna,n;oB B ,naHHOM cnyqae TaKoBa, qTo MaCChI h 2 MeHLllle 
1 r3B/c

2 
He perncTpupyIOTcll cymecrnyromnMu ,neTeicropaMu npu 3Heprnllx 

BCTpeqffbIX nyqKOB = 30-40 r3B /l6/. 

TaKHM o6pa30M, li3BeCTHhie 3KCnepnMeHTaJibHhie AaHHhie He onpoBep
raroT B03M0)KHOCTH cymecTBOBaHHll K

O H cxeMbl pacna,n;a ( 5) . 

4. AHAJil13 IlP.RMoro PO)K,lJ;EHl1.R te- IlAP 
B A,lJ;POHHbIX B3A11MO,lJ;E0CTBl1.RX 

:3KcnepnMeHThl TaKoro THna H3BeCTHhl C 1970 ro,na. BbIJIO HaH,neHo, 
qTo ceqeHne po)K):(eHHll npllMhIX e+e- u µ+µ- nap npu6nn3HTeJibHO o,nnHa

KOBO H cna6o 3aBHCHT OT THna B3aHMo,neHCTBYIOI.UHX a.n;pOHOB. MaCCOBhIH 
cneKTp npllMhIX f +e- nap HMeeT BU):( cna,naromeft KpHBOH, H ):(Jill 06JiaCTH 

Mace 6oJibllle MaCCbl p' (u Me30HOB YAOBJieTBOpHTeJibHO onHChIBaeTCJI MO
,neJibIO ,lJ;pena - HHa, paccMaTpHBaromeH aHHHrHJI.fIUHIO napTOHOB H aHTHnap
TOHOB B BHpTyaJibHhie q>OTOHhl C HX nocne,nyromeft KOHBepcneH B f+f- na
pbl. 0,nHaKO ):(Jill MaJlhIX nonepeqffblX HMnyJibCOB PT < 1 r3B/c H Mace 
MeHbllle 0,6 r3B/c 2 Ha6nro,naeTCll aHOMaJibHOe po)K,t(eHne e+e- nap, 
npeBbllllaIOI.Uee BKJia,IJ; OT H3BeCTHhlX npoueccoB: MO,nenu ,lJ;pena - HHa H 
TpexqacTHqffbJX pacna,n;oB T/, <u Me30HOB. 

4.1. Hau6onee liHq>OpMaTHBHhIH 3KcnepnMeHT no u3yqeHHIO npllMOro 
po)K):(eHHll µ+ µ- nap BhIIlOJIHeH Ha nytiKe 15,5 r3B/c 17±·Me30HOB YCKOpHTe
JI.fI SLAC 

1181
. 11cnoJib30Banacb ,nByxMeTpomm cTpHMepHall KaMepa c 

)Kff,t(KOBo,nopo,nHOH MHllleHbIO B qyBCTBHTeJibHOM 061,eMe. MIOOHhI H,nCHTH
cpuuupoBanHCb C noMOI.UbIO BHelllHero ,neTeKTOpa, COCTonmero H3 CJIOeB 
CBHHUa H pacnoJIO)KeHHhIX Me)K):(y HHMH CUffHTHJIJillUHOHHhlX ro,nOCKOnOB H 
npOBOJIOqffbJX KaMep. 
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Puc. 5. a - pacnpeoeneHue 

WlBapuaHmblX .Mace np11-
.MblX µ.+µ-:- nop e 3Kcnepu-

.MeHTe 1181 (ceeT/l(JJ! ZUCTO-
epa.M.Ma). ,l(pyzue noacne-
HWl daHbl 6 TeKCTe. 6 -
pacnpedenenue M(µµ) noc-

/le 6bl'IUTaHWl KpU6blX J U 
2. Kpue(JJ! 3 - pe3y11bTaT 

.ModenupoeaHWl np01-4ec-
ca (9). 

Pacnpe.n;eneHHe HH· 

aapmtHTHbIX Mace acex 

µ + µ- nap npHae.n;eHo Ha 

pHc. 5a (rHCTOrpaMMa). 

B HHTepaane Mace 0,7-
0,8 r3B/c 2 BH.n;eH lleT-

KHH nHK OT pacna.n;oa 
+ - • .lln.11 cpaa-p,w ➔ µ µ 

HeHH.R B 3KCnepHMeHTe 

H3Mep.RJIHCb TaIOKe HH

BapHaHTHbie MaCCbl "+"
nap B npe.n;noJIO)KeHHH, 

IITO nHOHbl HMelOT Macey nOKO.R MIOOHOB (KpHBa.R 1 Ha pHCYHKe). KpHBa.R 2 
+- ' +- +-

noKa3bIBaeT BKJia.n; µ µ nap OT AaJIHTu;-pacna.n;oa T/ ➔ µ µ y H w ➔ µ µ rr_0
, 

paCCIIHTaHHblH aBTOpaMH 3KCnepHMeHTa. 

CpaaHHBa.R MaCCOBbie pacnpe.n;eneHH.R MIOOHHblX H nHOHHbIX nap, 

MO)KHO BH,D;eTb, IITO pacnpe.n;eJieHHe M{µµ) B 061.UHX qepTax noBTOp.ReT pac

npe.n;eJieHHe M ( "") 3a HCKJI1011eHHeM .n;ayx o6nacTeH: o6nacrn Mace p, w It 

o6nacTH Mace ::; 0,42 r3B/c 2• 3To xopowo BHAHO Ha pHc. 56, r.n;e npHBe,D;e

Ho pacnpe.n;eneHHe M(µµ) nocne BbIIIHTaHH.R pacnpe.n;eJieHH.R M( "") H .n;anHTU

pacna.n;oa T/, w. TaKHM o6pa30M, Maccoaoe pacnpe.n;eneHHe np.RMbIX µ + µ

nap .RBJI.RCTC.R cynepn03HUHCH Tpex pacnpe.n;eJieHHH, K~oe H3 KOTOpbIX 

HMeeT CBOH MCXaHH3M o6pa30BaHH.R: 

a) µ +µ - napbl OT .n;ayx- H Tpex11acTHIIHbIX pacna.n;oa H3BeCTHbIX Me30H

HblX pe30HaHCOB; 

6) napbl Hepe30HaHCHOro npOHCXO)K.l];CHH.R (KOHTHHYYM)' noBTOp.RIO

mHe cpopMy KOHTHHyyMa "+"- nap; 

a) µ+µ- nltpbI a o6nacrn Mace 2Mµ ,::; M{µµ) ,::; 0,42 r3B/c 2, npo

HCXO)K.l];eHHe KOTOpblX He o6'b.RCH.RCTC.R ABYM.R nepBblMH MCXaHH3MaMH. 

12. 

J. 
-~ 

i) 

1 
i 

.llanee 6y.n;eM Ha3bIBaTb HX "AHoManbHbie .n;HJienTOHbl ManOH MaCCbI" 

(A.[(MM). 
B 3KcnepHMeHTe H3Mep.RJIHCb ace BTOpHIIHbie 3ap.R)KCHHblC llaCTHIJ;bI, 

conpOBO)K.l];aIOLUHe po)K.l];eHHe µ. + µ. - nap. KHHeMaTHIICCKa.R peKOHCTpyKIJ;H.R 

co6bITHH n03BOJI.ReT onpe.n;enHTb, po.D;HJIHCb JIH BO B3aHMOACHCTBHH o.n;Ha 

HJIH 60JibWe HE!HTpanbHblX qacTHIJ;. Ha pHC. 5a 3aillTpHXOBaHHa.R rHCTorpaM

Ma OTHOCHTC.R K TaKOH BbI6opKe co6bll'HH C µ + µ- napaMH, KOr.n;a BO B3aHMO

.n;eHCTBHH JIH6o He HMeeTc.R HeHTpanLHbIX 11acTHIJ;, JIH6o · ecTL o.n;Ha TaKa.R 

6 + -qacTHIJ;a. B 3TOM CJiy11ae He Ha6n10.n;aeTC.R H3 bITKa µ µ. nap B o6JiaCTH 

Mace ~ 0,42 r3B/c 2• 11:HbIMH CJIOBaMH, 3cpcpeKT A.[(MM no.RBJI.ReTC.R TOJib

KO B TOM cny11ae, Kor.n;a npH 3TOM pO)K.l];aIOTC.R no KpaHHCH Mepe .nae HCHT

panbHbie llaCTHIJ;bl. 

KaK 6bIJIO nOKa3aHO B npe.D;bIAYLUHX pa3.n;enax, no.n;o6Hbie )Ke xapaKTe

pHCTHKH HMeeT MOACJib pacna.n;a KL·MC30HOB (5): MaCCbl aHOMaJibHbIX 

ff"f- nap orpaHHIICHbl BeJIHIIHHOH :5 0,40 r3B/c , H B KOHCIIHOM COCTO.RHHH 

HMelOTC.R .nae HeHTpaJibHbie qacTHIJ;bl. )lJI.R KOHKpeTHOro conocTaaJieHH.R 

3THX 3KcnepHMCHTOB HaMH npoae.n;eHO MOACJIHpOBaHHe o6pa30BaHH.R 

A.[(MM AJI.R IJ;HTHpyeMOH pa6oTbI, Ha ocHoae cae.n;eHHH 06 ycTaHOBKe H KH

HeMaTH11ecKHX pacnpe.n;eneHH.RX µ.+ µ- nap, KOTOpbie npHBOA.RTC.R aBTopaMH. 

Ha nepBOM 3Tane pa3birpbIBanOCb HHKJII03HBHOe pO)K,D;eHHe T/ H W MC30-
+ - + - 0 

HOB c nocne.n;yroLUHM . pacna.n;oM T/ ➔ J.L µ. y H w ➔ µ µ. " , H napaMeTpbI 

MOACJIHpyromeH nporpaMMbl KOppeKTHpOBaJIHCb TaK, llT06bI cyMMapHoe 

pacnpe.n;eJieHHe M (µµ) cornacOBbIBanOCb c KpHBOH 2 ( CBCTJlbIC TOIIKH Ha 

pHc. 5a). 3aTeM B 3TOH )KC MO.D;CJIH pa3birpbIBaJIC.R HHKJll03HBHbIH npou;ecc 

rr± p ➔ Ko (0, 4) + ••• 
I_., µ+µ-no . 

B cK061<ax yKa3aHO oKpymeHHoe 3Ha11eHHe MaccbI K 0
• 

(9) 

Ilony11eHHoe a 3TOH Mo.n;ene pacnpe.n;eneHHe M(µµ) noKa3aHO Ha pHc.56 

(KpHBa.R 3). B npe.n;enax OWH60K KpHBa.R corJiacyeTC.R C MaCCOBblM pacnpe

.n;eJieHHeM AJlMM. Ce11eHHe po)K.n;eHH.R A.llMM, u (t:,,µ~1), paccllHTaHHoe no 

AaHHblM aBTOpOB, npHae.n;eHo a nepaou CTpoKe Ta6JI. 3 BMeCTe c IIHCJIOM 

A.llMM N(!:,,µµ) H OCHOBHbIMH xapaKTepHCTHKaMH 3:KcnepHMCHTa. 

IlocKOJILKY po)K.l];eHHe A.[(MM conpoao)K,D;aeTc.R o6pa30BaHHeivi no 

KpaHHeH Mepe .n;ayx HCHTpaJibHblX llaCTHU, 6bIJI CMOACJIHpoaaH npou;ecc 

HHKJII03HBHoro po)K.n;eHH.R K 
O a nape c eme o.n;HOH nerKoH HeHTpanbHOH 

11acTHIJ;eH: 

+ 
rr - p ➔ K 0 (0, 4) + 0 o + 

L.. lµ-no 

He 6blJIO 3aMe11eHo BJIH.RHH.R BTOpOH HeHTpanbHOH llaCTHIJ;bl Ha Macco

BblH cneKTP µ + /,L - nap H Ha 3!p!pCKTHHHOCTb HX perHCTpaIJ;HH ycTaHOBKOH. 
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M(J1J1), r38/c 2 

Puc. 6. PacnpeiJe.nenue unaapuaHTHblX 

Mace npllMblX µ+µ- nap 6 3KCnepUMeH

Te 119~ lIOJlCHeHWl iJaHbl 6 TeKCTe. 

Puc. 7. a ~ pacnpeiJe.nenue unaapuaHT

HblX Mace npJlMblX µ+µ-nap, ucnpaa11en

noe na aKcenranc ycranoaKu, a 3Kcne

pUMeHTe 1201 {WCTOi!pllMMa}. Kpu6aJl 

noKa3bzaaer 6K11ao or oayx- u T{Jex11a

CTUI/HblX pacnaiJoa T/, p, W Me30H06. 

6 - pacnpeiJe.nenue pa3HOCTU MeJfCOy 

i!UCTOcpllMMOU u Kpuaoii. 

t5 

10 

N 
5 

0,2 

15 

10 

5 

a 

0,4 0,6 0,8 

0 

M(J-1J'1) 138/c2 

p.w 

pN 
28 r3B 

0,28 < X < 0,42 

1,0 

PaccMoTpIIM eme ,n;Ba :nccnepIIMeurn no np.11M0My po)K,l];eumo µ + µ- nap. 

Ha yc1<opIITene SLAC nytJoK KL -MeaouoB c IIMnynLcaMII 4-20 r3B/c 

B3aJ:IMO,D;eiicTBOBaJI C Me,D;HOH MIIIlleHblO. YcTaIIOBKa co,n;ep)KaJia MarHIITHblH 

cneKTpOMeTp Ha npOBOJIOlJHbIX IICKpOBblX KaMepax II ,D;Ba norJIOTIITeJIH -

B HatJane II 1<ouue cneKTpoMeTpa 1191 . Pacnpe,n;eneHIIe M(µ µ) nocne BbitJII

TaIIIIH HenpaBIIJibHO II,D;eHTII<P~IIpOBaIIHbIX MlOOHHbIX nap npIIBe,n;euo Ha 

pIIC. 6 (rIICTOrpaMMa). 3auITpIIXOBaIIHaH o6naCTb noKa3bIBaeT paCClJIITaII

HbIH aBTopaMII MIIHIIMaJibHblH BKJia,D; µ+ µ- nap OT pacna,n;OB KaOHOB, KOH

BepcIIII cpoTOHOB B BemecTBe ,ll;O MarHIITa H OT ,ll;aJIIITU-pacna.n;oB T/ II w Me-

30HOB. KpIIBaH - peayJibTaT pactJeTa BKJia,D;a OT pacna.n;oB p, W, cp Me30HOB 

Ha ,D;Ba MlOOHa. IlyHKTIIpHaH JIIIHIIH npoBe,D;eHa HaMII II ,n;aeT npe,n;nonaraeMbIH 
+ -BKJia,n; /l /l nap Hepe30HaHCHOro npOIICXO)K}];eHIIH. 

Ha 6pyKxeiiBeHCKOM YCKOPIITeJie npOTOHbl C IIMnyJibCOM 28 r3B/c 

B3aIIMO,D;eiicTBOBaJIII C aKTIIBHOH MIIllleHblO-CUIIHTIIJIJIHTOpOM. MrooHbl 

II,D;eHTII<PIIUIIPOBaJIHCb C noMOmLIO KanopnMeTpa, co,n;ep)Kamero CJIOH )Ke-

14 

Jie3a, CUIIHTlIJIJIHTOpa II nponopUIIOHaJibHbie KaMepbl 12°1 •• Ha pIIC. 7 noKa-

3aIIO pacnpe,n;eneHIIe IIHBapmiHTHbIX Mace µ + µ- nap (rIIcTorpaMMa) , BKJia,n; 

OT pacna,n;oB II3BeCTHbIX Me30HOB (KpIIBaH) II pacnpe,n;eneHIIe pa3HO~TII 

Me)K,l];y HIIMH. 

KaK BII,ll;HO H3 3TIIX pIICYHKOB, B o60IIX 3KCnepHMeHTru{ TaK)Ke MO)KHO 

Bbl,D;eJIIITb TPH MeXaIIII3Ma o6pa30BaIIHH ,ll;IIMIOOHOB: pacna,n;bl II3BeCTHblX 

Me30HOB ( o603HatJeHbl KpIIBbIMII) ' Hepe30HaHCHbie /l + /l - napbl IIJIII KOHTII

HYYM (o6naCTb Mace 6oJibllle 0,4 r3B/c2) II aIIOMaJibHbie ,ll;IIMIOOHbl MaJIOH 

MaCCbl C M(µµ) $ 0,4 r3B/c ' lJIICJIO KOTOpbIX B ,n;Ba-TpII paaa npeBbilllaeT 

ypoBeHb KOHTIIHyyMa. 

XOTH B ,ll;aIIHOM cnyqae He npoBO,ll;IIJIOCb MO,ll;eJIIIpOBaIIIIH npouecca 

(9)' MaCCOBbie cneKTpbl AJJ:MM He npOTHBopetJaT npe,n;noJIO)KeHlIIO O TOM, 

lJTO OHII. o6H3aIIbl 3TOMY npoueccy. qIICJIO nap, npeBbllllaromee KOHTIIHYYM, 

H cetJE!HIIe IIX po)K,l];eHIIH Ha HYKJIOH npIIBe,n;eHbl B Ta6JI. 3. · . 
11MeeTCH HeCKOnbKO 3KcnepIIMeHTOB no II3ytJeHmo npHMbIX /l + µ - nap 

npII 66JiblIIIIX 3HeprHHX. BJIII)KafflIIIIH no 3HeprIIII 3KCnepIIMeHT c,n;enaH npn 

B3aJ:IMO,D;eiicTBHII 17+-Me30HOB 150 r3B/c C npOTOHaMH 1211 . C pocTOM 

3HeprIIII MeXaIIII3M ,[{pena - HHa HatJIIHaeT pa6oTaTb B o6nacrn MeHblIIIIX, 

Mace ,D;IIJienTOHOB, KpOMe Toro, CTaIIOBHTCH cymecTBeHHbIM BKJia,D; r+f- nap 

OT nonynenTOHHbIX pacna.n;oB OtJapOBaIIHbIX tJaCTIIU, no3TOMY o6naCTb 

AJJ:MM npII 3TIIX 3HeprIIHX He y,n;aeTCH Bbl,ll;eJIIITb. 

4.2. 11Hcf>OpMaUIIH O pO)K,l];eHHII npHMbIX e+e - nap 3HatJIITeJibHO 6e,D;Hee, 

tJeM O µ+ /l - napax. KpoMe HeCKOJibKIIX 3KcnepIIMeHTOB B nyablpbKOBbIX 

KaMepax C MaJibIM lJIICJIOM co6blTHH, eCTb ,D;Be pa60Tbl C ,ll;OCTaTOlJHO 60Jib

lIIOH CTaTIICTIIKOH, BbffiOJIHeHHbie Ha MarHIITHbIX cneKTpOMeTpax. 

Ha MHOrOtJaCTIIlJHOM cneKTpOMeTpe 6py1<xeiiBeHCKOH na6opaTopIIH 

perIICTPIIPOBaJIIICb e + e - napbl, po)K,l];eHHble BO B3aIIMO,D;eHCTBIIII 17--Me30HOB 

17 f'3B/c C npoTOHaMII
1221 . Ilapbl 3JieKTpOHOB II,D;eHTII<P~IIpOBaJIIICb C 

noMombro .r:(eTeKTopoB nepexo,n;Horo H3JiytJeHIIH II ,n;Byx JIIIBHeBbIX cneKT

poMeTpOB - nepe,D;Hero (A-napb1)' II 601<0Boro (B-napb1). Ha pIIc. Sa noi<a-

3aIIO pacnpe,n;eneHIIe IIHBapIIaHTHbIX Mace A-nap (rIICTOrpaMMa). TaK )Ke, 
. + -

KaK B 3KcnepIIMeHTax C npHMbIMII µ µ napaMII, B MaCCOBOM cneKTpe 

e + e '- nap Ha6nro,n;aeTCH .n;Ba "rop6a": B o6nacTII MaJibIX Mace II B o6nacTII 

0,5-0,8 r3B/c 2• 3amTpIIXOBaIIHaH o6naCTb OTHOCHTCH K pacna.n;aM p, w ➔e +e

c ytJeTOM IIX lIIIIpIIHbI, annapaTypHoro paapemeHIIH no Macce II noTepII 

3HeprHH 3JieKTpOHaMII B )Kll,ll;KOBO,D;OpO,D;HOH MIIllleHII. IlyHKTIIpHaH JIIIHIIH 

.n;aeT BKJia,D; Hepe30HaIICHbIX e+e- nap ("JIHHeHHbIH cpoH" no TepMIIHOJIOrHII 
+ - + - 0 aBTOpOB) • KpIIBaH 1 - BKJia,D; OT ,ll;aJIHTQ-pacna.n;oB T/ ➔ e e y II w ➔ e e 17 • 

Ha pnc. 86 rIICTorpaMMa noKa3bIBaeT pacnpe,n;eneHIIe pa3HOCTII M(ee) nocne 

BbllJIITaIIIIH BKJia,n;a OT ABYX- II TpextJaCTHlJHblX pacna.n;oB T/, p, w M630HOB 

II Hepe30HaIICHOrO cpoHa. 
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Puc. 8. a -'- pacnpeoenenue uneapuanrnb1x 

Mace npRMblX e+ e- nap 6 3KCnepUMell

Te l22~ 6 - pacnpeoenenue M( ee) noClle 

Bbl'lUTallWI nap OT pacnaooe U38eCTHblX 

Me3onoe u nepe3onancnow rfiona. CT[Jen-

X > 0,2 Ka nOKQ3bl6aeT zpanu-qy o6pe3allWI Mace 

0,7 0.9 

O/UI ucKlllO'lenwi pacnaooe " 0 ➔ e + e - y • 

Kpue{lJI 2 - pe3yllbTaT Mooenupoeanwi 

npo-qecca { ]0) 0/lJl OallliOW 3KCnepUMell

Ta. IIORCllellWI 8 TeKCTe. 

M (eel. f aB/c2 

HaMH npoao.n1mocL MO.JJ;em1poaa
HHe ,JJ;aHHOrO 3KCnepHMeHTa Ha oc
HOBe TeX cae.nemrn, KOTOPLie CO,JJ;ep
:>KaTCH B CTaTLe. Ha nepBOM 3Tane 
pa3LirpbIBanOCL HHKJU03HBHOe po:>K
.neHHe T/, (<) Me30HOB H 6bIJIH nony11e-
Hbl pacnpe,JJ;eJieHHH M(ee) OT HX 
.nanuTu-pacna.noa. ITapaMeTpLI Mo,ne

nupyromeii nporpaMMLI KoppeKTHpoaanucL TaK, t1To6L1 cyMMa 3THX pacnpe
.neneHHH cornaCOBbIBanacL c KpHBOH 1 (cBeTJibie Kpy:>KKH Ha puc. 8a). 
3aTeM npu 3THX napaMeTpax pa3birpbIBanCH HHKJII03HBHLIH npouecc: 

1T -p ➔ K o (Q, 4) + ••, 
L.. e+e-:-0° . 

(10) 

ITonyt1eHHLIH MaccoBLIH cneKTp M(ee) noKa3aH KpHBOH 2 Ha puc. 86. Bu.n

Ho, tJTO a npe.nenax owu6oK OH cornacyeTCH c MaCCOBblM cneKTpOM aHO
+ -ManLHblX e e nap. 

u /23 1 
BTopou 3KcnepHMeHT 6Lm BbinOJIHeH Ha ycKopHTene SLAC . 

77- -Me30Hbl C HMnyJILCOM 16 r3B/c B3aHMo,neHCTBOBanH C npOTOHaMH. 
+ -ITpHMLie e e napbl perucTpHpOBanHCL WHpoKoanepTypHbIM cneKTpOMeT-

poM LASS . 3neKTp0Hbl u,neHTmpuunpoBanHCL C noMOII.tblO .nayx ra30BblX 
qepeHKOBCKHX CtJeTtJHKOB H JIHBHeaoro .neTeKTopa. Pacnpe,JJ;eJieHHe HX HH
BapHaHTHbIX Mace noKa3atto Ha puc. 9a. Macchi MeHLwe 0,2 r3B/c 2 o6pe-
3anHcL C UeJILIO HCKJIIOtJeHHH e+ e - nap OT KOHBepCHH lpOTOHOB B MHWeHH H 
OT .nannTu-pacna.noa 77° ·Me30HOB. 3awTpHXOBaHHa.H o6nacTL OTHOCHTCH K 

+ -pacna,naM p, c:..i ➔ e e , KpHBaH .JJ;aeT BKJia,n .nanHTu-pacna.noa Tf, c:..i Me3o-
uoa. Ha puc. 96 noKa3aHa 3aJ3HCHMOCTL cetJeHHH po:>K,neHHH e+e- nap OT HX 
Macci.1 MH Tex co6bITHH, KOTOpbie OCTaJIHCb nocne BbNHTaHHH BKJia,na 
.nayx- H Tpex11acTHtJHhIX pacna.noa Tf, p,c:..i Me3ouoa. 
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Puc. 9. a - pacnpeoenenue uneapuanrnb1x 

MQCC npRMblX e+e- nap 6 3KCnepUMell

Te 123,: 6 - pacnpeoenenue du(ee)/ dM, no

ny'lennoe nocne ebZ'lUTanwi eKnaoa OT 

oeyx- u T{Jex'lacTU'lllblX pacnaooe TJ,p,c:..i 

Me301l06. 3na'lKOM H yKa3allO p03pe

menue no Macce. 

+ -TaK :>Ke, KaK B cny11ae c µ µ na-
paMH, Ha puc. 8 u 9 MO:>KHO Bbl,neJIHTL 

TpH o6nacTH C pa3JIHtJHhIMH Mexa
HH3MaMH o6pa30BaHHH e + e - nap: 

pacna,nLI H3BeCTf{hIX Me30HOB ( 3a
WTpHXOBaHHaH o6nacTL u KpHBhie), 

+ -Hepe30HaHCHhie e e napbl HJIH KOH-

THHYYM (nyuKTup Ha puc. Sau nna
To Ha puc. 96) u aHOMaJibHhie .nu-
3JieKTpOHbl C M(ee) :5 0,35 r3B/c 2, 

XoTH MH 3KCnepHMeHTa 1.231 

Mo,JJ;enupoaattue npouecca (10) He 
npoH3BO,nHJIOCL, H3 puc. 96 BH.JJ;HO, 
tJTO MaccoBhIH cneKTp A,llMM He 
npoTHBOpetIHT 3TOMY npoueccy. qHC· 

('J 

0 
--........ 
co 

30 

~ 20 
co 
0 
ci .........__ 

Z 10 

('J 

u 
--........ 
co 4 
~ .........__ 

IO 2 
~ 

l: 

a 

Tfp 
16 r3B 

0,1 < X < 0,45 

0,3 0,5 0,7 0,9 1,1 

M (e e), r3B/c2 

JIO aHOMaJibHhlX e+ e - nap N(6ee) u 

cetJeHHe HX po:>K,neHHH Ha HYKJIOH a(t'lee) ,I.l;aHbl B Ta6JI. 3 AJIH o6oux 3KC· 
nepHMeHTOB. 

4.3. ITpHBe,neHHLie a Ta6n. 3 ce11eHHH po:>K,neuuH A,llMM OTHOCHTCH K 
pa3HLIM HHTepaanaM t'lXF ,KpoMe Toro, B pa6oTe 1221 nonyt1eHo 3HatJeHHe 
a(t'lee) MH tJeTbipex HHTepBaJIOB t'lXF. 3To no3BOJIHeT cpaBHHTb 3KCnepu
MeHTanbHYIO 3aJ3HCHMOCTL da/dXF MH aHOMaJILHblX nap C ,naHHbIMH pa3JIHtJ
HbIX MO,JJ;eJieH. Ha pHc. 10a noKa3aHbl 3HatJeHHH a(t'lee) ' OTHeceHHbie K 
HHTepaany O,lXF ,nJIH 3KcnepHMeHTOB 122•231 . KpuaaH 1 ,naeT MaKCHMaJIL
HLIH BKJia,n Mo.neneii THna Mo.JJ;enu .llpena - HHa. KpHBaH 2 - pe3yJILTaT 

Mo,JJ;enupoaattHH pacnpe.neneHHH da(ee) /dXF .nnH npouecca (10) H ycno
BHH 3KCnepuMeHTa1221 , npu 3TOM 3a HCXO,I.l;HOe npHHHMaJIOCL pacnpe.ne
JieHHe da/dXF B o6naCTH -1 < X F < 1, nonytJeHHOe B 3KCnepHMeHTax no 
HHKJII03HBHOMY po:>K,neHHIO K 

8 
-Me30HOB B 77p -B3aHMO,neHCTBHHX 124,. 251. 

I-fa 3THX :>Ke 3KCnepHMeHTOB B3HTO pacnpe.neneHHe du /dP ~ = exp ( -5,60 
±0,08) P; r3B/c 2, KOTopoe xopowo cornacyeTcH c auanorHtJHLIM pacnpe
.neneHHeM, nonytJeHHblM ,IJ;JI.fl aHOMaJILHblX e+ e - nap B 1221 (nOKa3aTeJIL 
3KcnoHeHTbl npH6JIH3HTeJILHO -6,0). 
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Puc. JO. a - pacnpeoenenue 
d7/dXF 0/IJI aitOMQ/lbHblX c+e
nap (a} u QHOMQ/lbllblX µ+/l
nap (6). O603Ha'leHWI COOT· 

eeTCTBYIOT 3KCnepw.teHTaM: 
91221, + /231, $ 120,: 4118( 

311a11e11W1 KPUBblX no11c11eHbl 
e TeKCTe. 

KaK tmnHo H3 pHcyHKa, 

pacnpeneneHHe ·da / dX F 
nm1 aHOMaJibHblX e+e

nap B 3KCnepHMeHTe 1221 

He cornacyeTCH c Monenbro .[{pena - .HHa, HO xopowo cornacyeTCH c MO· 
neJiblO (10) . IlocnenHeH MonenH TaK)Ke He npOTHBOpeqHT pe3yJibTaT 3KC· 

nepHMeHTa1231 . 
Ha pHC. 106 npHaeneHbl ceqeHHH po~eHHH aHOMaJibHbIX / 11- nap, 

OTHeCeHHbie K HHTeparuiy 0,1 XF, nJIH nayx 3KCnepHMeHTOB. KpHBaH 3 -
pe3yJibTaT MonenHpoaaHHH pacnpenenemrn da{µµ)/dXF nnH npouecca (9) 
H ycnoaHii 3KcnepHMeHTa 1181 • 11cxonHoe pacnpeneneHHe d2a/dXdP¥ 6blJIO 
B3HTO TaKHM )Ke, qTO H nnH KpHBOH 2. BHnHo, qTO naHHbie o60HX 3KCnepH

MeHTOB cornacyIOTCH C MoneJiblO HHKJI103HBHOrO po)KneHHH K
0 

• 
+-

B Ta6JI. 3 B CK06Kax npHBeneHa 3cpcpeKTHBHOCTb perHCTpal.\HH e e 
nap (c) nnH KpHBblX 2 H 3 H COOTBeTCTByromHe ceqeHHH HHKJI103HBHOrO 
po)KneHHH, paCCqttTaHHbie H3 COOTHOlUeHHH a(K 

0
) = a(fif£) / C ( CTporo 

roaopH, a(K 0 ) a naHHOM cnyqae cnenyeT paccMaTpHBaTb KaK npoH3aene
HHe ceqeHHH Ha OTHOCHTeJJbHYIO aepOHTHOCTb pacnanoa K

0 no KaHaJiaM C 
te- napaMH). CyMMapHaH aeJIHqHHa ceqeHHH no KaHaJiaM pacnana c 
e+e- H jl+µ- napaMH COCTaBJIHeT a(K 0 ) = 10,0 ± 2,3 MK6. 

+-KaHaJI pacnana c o6pa30BaHHeM µ µ nap nonaaneH-no OTHomeHHIO 
K KaHruiy c o6pa3oBaHHeM e+e- nap:a(K 0 ➔ µ+µ-n°)/a(K 0 ➔ e+e-n°) 
= 0,1 ± 0,03. AHruiorHqHaH BeJIHqHHa nnH pacnanoa KL -Me30HOB B 3KCnepH
MeHTe EMC COCTaBJIHeT 0,2 ± 0,07 (Ta6JI. 2), TO eCTb o6a COOTHOlUeHHH CO· 
rnacyIOTCH a npenenax OWH6KH. 3To nonaaneHHe MO)KHO o6"bHCHHTb pa3· 
HOCTblO cpa30BbIX 061,eMQB B TaKHX KaHaJiax. MonenHpOBaHHe, npoae
neHHOe B npennoJIO)KeHHH, qTO MaTpHqffblH 3JieMeHT pacnana HBJIHeTCH 
KOHCTaHToii, naeT oTHomeHHe B(K 0 ➔ µ+µ-n°)/B(K 0 ➔ e+e-n°) ::: 0,3. 

Cornac:ue C 3KCnepHMeHTOM MO)KHO CqHTaTb ynoaJieTBOpHTeJibHbIM, YqHTbl· 
BaH, qTo HCTHHHblH BHn MaTpHqffOro 3JieMeHTa HaM H0H3BecTeH. 

IlpencrnanHeT HHTepec cpaBHHTb BeJJH1~rny a(K °} c aeJIHqffHOH ceqe-
HHH HHKJII03HBHOrO po~eHHH a(M) 6JIH)KaHWHX no Macce M030HOB 
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K, TJ, p, w • OmomeHHe 3THX BeJJHqHff npHaeneHo a Ta6n. 4. 3necb a (M) B3H· 
TO H3 H~eromHXCH naHHblX nnH TTl)·B3aHMOneiicTBHH npH 3HeprHH 16 r3B126:' 

-3 
CpenHHH BeJIHqffHa a(K 0 )/a(M) = (4,1 ± 1,4) -.10 cornacyeTcH c ae-
JIHqffHOH OTHOCHTeJJbHOH aepoHTHOCTH pacnana B(lt L ➔ K 

0 n °) = (3,8 ± 
± 1,1) • 10-3' B3HTOH KaK cpenHee nnH nayx 3KcnepHMeHTOB. 

Ta611uija 3 

CoWI- PJie.6 
! (5 (Ai€) (f;) % 

Jlen- Tun t1,~ee > Kl! 'l'OHH XF 

[~] 
G (ae') BS. 

raB/o u,m6] 

IS fq.i n.:tp 16,6 0,4<- X-' 0,9 80±23 44.;tll _ ~ (7,6) 
20 f4t PN 28,6 0,28<X'- 0,42. 7.;t4 26.;tl3 0,9SJ:0,22 

19 ~ KL-Cl, 4-20 X> 0,25 68.;t26 "'- 20 

22 88 n-p 17 0,4'-X'-0,8 46.;tl6 640±200 \ (9,2) 
23 88 n-p 16 0,1,x ... o,45 17±,6 200±70 9,1±.2,3 

Ta611uija4 

K ~ ~ w Cpe,ItHee 

G (M) ,M6 2,D;t0,5 I,5±0,3 4,8±0,4 4,D;t0,7 

(5 <i> . 
(5(M)ro-3 5,0j;I, 7 6,7±2,0 2,I±0,5 2,5±0,7 4,I±I,4 

. 4.4. PaccMOTpHM B03MO)KHOCTb npyrHX Mon pacnana K
0

• EbIJIH Mone
JIHpOBaHbl npoueccbI THna (5), (9) H (10) a npennono)KeHHH, qTo B pacna
ne npHCYTCTBYIOT nae HeiiTpaJibHbie 6e3MaCCOBbie qacTHUbI: K 

0
( 0,45) ➔ 

➔ e+e-n °n ° . 3necb, KaK H paHblUe, B CK06Kax YKa3aHa Macca, nonyqeHHaH 
KaK nonroHOqffblH napaMeTp npH cornacoaaHHH MonenHpOBaHHbIX H 3KC
nepHMeHTaJibHblX cneKTpOB M(fe) . HaiineHO, qTO cornacHe C 3KCnepHMeH
TaJibHblMH naHHblMH B 3TOM cnyqae xy)Ke, onHaKO HeJJb3H noJIHOCTblO HCK
JIIOqffTb naHHyIO Mony. 

He ::ianpemaeTCH pacnan Ko C nayMH 3apH)KeHHblMH HJIH HeiiTpaJibHbIMH 
nHoHaMH B KOHeqHOM COCTOHHHH. B 3TOH CBH3H Mbl XOTHM o6paTHTb BHHMa
HHe Ha pa6ozy / 27 / ' B KOTOpoii H3yqaJIHCb B3aHMoneiiCTBHH HeiiTpOHOB C 
HMTTyJibCOM 5,1 r3B/c B aonoponHoii ny3blpbKOBOH KaMepe. B peaKUHH 
np ➔ pp,/ 1T - 1T - 6bIJI o6Hapy)KeH pe30HaHC B CHCTeMe "-"- Me30HOB C 
Maccoii :! 0,39 r3B/c H ceqeHHeM po)KneHHH :: 13 MK6. 3THMH )Ke aBTOpaMH 
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nony•mHo YK3.3rume Ha cymecTeoeamie pe3oHaHca e "+"- cncTeMe c 6nu3-
Koii Maccoii. BecLMa :>KenaTenLHo· .nanLHeiirnee u3yqeHne nnoHHbIX pe3oHaH

coe c Maccoii oKono 0,4 r3B/c 2. 
OTHOCUTenLHO TeopeTnqecKUX npe,nCKa.3aHHH HOBbIX qacnm co cxeMOH 

pacna.na Tuna K 0 yKa:>KeM Ha y:>Ke ynoMUHaernuecH HeCTaH,naprn1,1e xnrrcoec
Kne 6o30HhI (8). TaKne :>Ke cxeMbI pacna.na MoryT nMeTL Texmmeern1,rn 11a
CTHUhI (TeXHHnHOHbl, .nnnaTOHbI) U cynepCUMMeTpU1IHbie 11acTHUbl (HeiiTpa

nHHO) . B HeKOTOpbIX Mo,nenHX ,nnH o6pa.30BaHHH Mace cpepMHOHOB " 6030-
HOB ucnonL3yeTCH HeCKOnLKO CKanHpHbIX qacTHU, B qacTHOCTH, B pa6o
Tax 12~1 npe.nnararoTCH HeiiTpanLHbIH U .nea:>K,nhl 3apH:>KeHHblH CKanHpHbie 

Me30Hbl. 
HaKoHeu, cornneMCH Ha pa6oTy 1964 ro.na 1291 u 6onee no3,nHroro 1301 , 

r.ne e1,1cKa31,rnaeTcH runoTe3a o cymecTBOBaHHH nerKoro eeKTOpHoro 6o-

30Ha, CBH3aHHOro C runep3apH,D;OBblM TOKOM (runepcpOTOH). 

3AKmoqEHl1E 

B pe3ynLTaTe aHann3a ,a;eyx 3KcnepnMeHTOB no pacna,naM KL -Me3oHoB 
nonyqeHo yKa3aHne Ha 06pa3oeaHne aHoManLHbIX .e+ e- nap, He o6'bHCHHIO

muxcH U3BeCTHbIMU q>OHOBhIMU npoueccaMU U orpaHuqeHHbIX Maccoii 

0,38-0,40 r3B/c 2. B TO :>Ke BpeMH aHanU3 nHTU 3KcnepnMeHTOB no npHMOMY 
+ -po:>K,neHHIO £ £ nap B a,a;poHHblX B3aHMO,D;eHCTBHHX npu 3HeprHHX ,D;O 

30 r3B YKa.3hIBaeT Ha cymecTBOBaHHe aHOMMhHblX e+e- nap, He OTHOCH· 

IUHXCH K U3BeCTHblM UCTO'IHHKaM ,a;unernOHOB U TaK:>Ke orpaHnqeHHbIX se
nH'IHHOH MaCChl ::: 0,4 r3B/c 2 (A}lMM). 

3TO no3BOnHeT o6'bHCHHTh o6pa30BaHUe aHOManLHblX nap B nepe
qucneHHblX 3KcnepuMeHTax qepe3 o6pa30BaHne npoMe:>KyTO'lHOH HeiiTpanL
Hoii 'laCTUUhl C MaCCOH nopH,a;Ka 0,40-0,42 r3B/c 2 U pacna,noM K O ➔ ( f-n ° , 
r.ne n° - nerKaH HeihpanLHaH qacTnua (He ncKnIO'leH TaK:>Ke pacna.n c ,a;By
MH HeiiTpanLHblMU 'laCTUUaMn). 

OTMeTUM Te o6mue xapaKTepHCTUKH, KOTOpbie cne,a;yroT 03 npnMeHe
HUH 3TOH Mo,a;enu K ,D;BYM yKa3aHHblM BbIIlle TnnaM 3KcnepnMeHTOB. 

+ -1. MacCOBhie cneKTphl f £ nap, nonyqeHHbie B MO,nenu, cornacyIOTCH 
C aHanorU'lHbIMU cneKTpaMH aHOMMLHblX nap B ,a;eyx 3KCnepnMeHTax C 
Ki::;Me3oHaMn u ,a;eyx 3KcnepnMeHTax c npHMbIM po:>K,neHneM e+e- nap u 
He npoTneopeqaT .npyrnM TpeM 3KcnepnMeHTaM 3Toro Tuna. 

2. OTHOCHTenLHaH eepOHTHOCTb pacna.na KL -Me30HOB qepe3 Ko ' KaK 
cpe,nHee .nnH JJ;Byx 3KcnepnMeHTOB, paBHHeTCH B( K ➔ K 

O n °) = ( 3 ,8 ± 
± 1,1). 10- 3

. CeqeHne HHKnl03UBHOro po:>K,neHHH K
0 B 77P ·B3aHMO,D;eHCTBH

HX COCTaBnHeT 10,0±2,3 MK6. OTHOilleHne 3TOH Benuquffbl K eennquHe ce
qeHUH HHKnl03HBHOrO po:>K,neHHH 6nu:>KaiilllUX no Macce Me30HOB K, T/,P, liJ 

paBHHeTCH e cpe,a;HeM ( 4.1 ± 1,4) · 10 - 3_ 
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3. OTHOilleHne eepoHTHOCTH pacna.noe K ➔ K 
0 n ° no KaHanaM K O ➔ 

➔ µ. + µ - n ° u K O ➔ e + e - n ° gnH 3KcnepnMeHTa BHC cocraenHeT 0,2 ± 0,07. 
0THOllleHUe 3TUX :>Ke KaHanOB pacna.na npu HHKnl03HBHOM po:>K,neHUU K

0 co

CTaBnHeT 0,1 ± 0,03. Mo.nennpOBaHHe 3Toro OTHO!lleHUH C yqeToM q>a.30Boro 
o6'beMa .naeT :: 0,3. + _ 

. + 
4. OTCYTCTBYIOT e - µ nap1,1, npeBbIIllaIOmue yp+°~eHL cpoHa, KaK B 

pacna.nax KL -Me30HOB, TaK U B npHMOM po:>K,neHUU £ f nap, 'ITO cornacy
eTCH C Mo,a;enLIO Ko. 

5. B pacna.ne KL ➔ K 0 n ° ➔ (e+r n °) n ° npucyTCTBYIOT .nee HeiiTpanL-
Hbie lJaCTHUbl B KOHeqHoM COCTOHHUU. B 3KCnepnMeHTe no npHMOMY po:>K-

+ -
.neHnro µ. µ nap B cTpuMepHoii KaMepe Ha6nro,a;aeTcH o6pa30BaHne A}lMM 
TOnLKO B TOM cnyqae, ecnu BO B3aUMO,neiiCTBUU UMeIOTCH ,D;Be unu 6onLrne 
HeiiTpanLHbie qacTUUbI. 

+ - + - . 
KpoMe Toro, pacnpe,a;eneHne da/dXF .nnH e e u µ µ nap, nony'leH-

Hoe npu MO,nennpOBaHUH l:IHKnl03HBHOro po:>K,neHUH K o, cornacyeTCH C aHa

norHlJHblM pacnpe.neneHUeM .nnH .neyx 3KCnepnMeHTOB C aHoManLHbIMU 
e+ e- napaMH H .nnH ,a;eyx 3KcnepHMeHTOB C aHOManLHblMH µ. + µ - napaMH. 

AeTop1,1 6naro,a;apHT 3a none3Hhie o6cy:>K,neHHH A.M.Ban.a;HHa " 
H.B3Ma, a TaK:>Ke KonneKTHB coTpy.a;HH'lecTea BHC 3a npe,a;ocTaeneHHe 
nepBH'lHOH HHq>OpMaUHH. 
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