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npH eOBpeMeHHOM eoeTOHHHH HalllHX 3H8HHft 9Ta yaKaH Ha nepBb!H B3f'JIHD: TeMa OXBaTbr 

BaeT nO'lTH Bee OeHOBHble Bonpoebl <1:JH3HKH 
0 

71 -Me30HOB. K HaeToHmeMy MoMeHTy o5pa-

0 
Ha5mon:anoeb 30BaHHe 71 -Me3oHa B peaKUHHX 

IT+ + d ... p + p + 0 
71 

k + p ... Ao + 71 0 

p + p ... p + p + 710 

+ + 
710 IT + p ... IT + p + 

IT + p ... IT + p + 1'/ 0 

e noenen:yiOIUHM paenan:oM 

0 + 0 
1'/ ... IT + 7T + 7T 

Han:e)f{HO yeTaHosneHo TBK*e oTeyTeTBHe aapH)f{eHHbiX aHanoroB 
0 

71 , T.e. 

Ill 

121 

131 

141 

!51 

161 

71 
+ 

H 

71 
± ± + 

, paenan:aiOIUHXeH no exeMe ~ 71 ... " + " + " • 0TeiOn;a enen;yeT, 'ITO H30TOnH-

qeeKHlt enHH • Maeea 71 !.1
71 

= 548:!: 1 Mas, 

nOJIYlllHpHHa eoOTBeTeTByiOil{ef'O 'pe30H8Hea"' He npeBOeXOD:HT 10 Mas H MO)f{eT 5biTb UenHKOM 

oTHeeeHa a a e'leT O!llH5oK H3MepeHHlt. B peaKUHHX I 11-15 I Ha6niOn:anHeb TaK*e HeATpanbHble 

exeMbi paenan:a 71° - MeaoHa: 

- HeftTp81IbHble 'laeTHUbl J 
171 

KOTOpbre oeyme.eTBJIHIOTeH B HeeKOJibKO paa q;ame, qeM paenan: no exeMe 161. B o5aopHoM n:oK-

111 
nan:e eoo6maeTeH, HanpHMep, 'ITO OTHOllleHHe 

n°-+ HeATpaJibHble 'laeTHUbi 

71o ... IT++" +TTo 
3 + 1. 181 

noeKOJibKY -Me30Hbl p0)KLJ:8IOTeH B eHJibHb!X B38HMOD:elteTBHHX, eeTeCTBeHHO eHa-

'lana npen:noJIO)KHTb, 'ITO paenan: 161 TBK)f{e npoHeXOD:HT 38 e'leT eHJibHb!X B38HMOn;efteTBHlt. 

Torn: a G -qeTHOeTb 71 -MeaoHa OTpHuaTeJibHa lpaenan: Ha TPH IT -Me30Ha J 

1 ) , H paenan;bl Ha 'leTHOe 'lHeJIO 7T Me30HOB aanpemeHbi. Paenan: Ha nHTb 

" -MeaoHOB HeB03MO)f{eH aHepreTH'leeKH 15 M 
17 

> M 
71 

I , H en:HHeTBeHHo soaMomHbiM 

oeTaeTeH paenan: • noenen;HHft BbiBOD: OTHOeHTeH H K HeltTpaJibHbiM paenan;aM, 

H 9TO ry5HT BeiO exeMy, noeKOJibKY eHJibHbllt paenan: 

191 

HD:YIUHft e eoxpaHeHHeM H30TOnH'leeKOf'O enHHa, HeB03MO)f{eH, eeJIH LleAeTBHTenb-

HO, Bbi5epeM H3 Tpex " o -MeaoHOB KBKHe- To n:sa. 3To - TO*D:eeTBeHHble Boae-qaeTHUbl, 

H KOOpD:HHaTHaH qaeTb HX BOJIHOBOlt <1:JyHKUHH D:0JI)KH8 5blTb 'leTHOlt. Cnen;OBaTeJibHO, H- H30-

TOnH'leeKaH qaeTb BOJIHOBOA <1:JYHKUHH qeTHaH, T.e. H30TOnH'leeKHlt, enHH 11717 = 0,2. TaK KaK 

H30TOnH'leeKHA enHH OeTaB!lleroeH ITO -Me30Ha f
17 

= 1 , TO BeH eHeTeMa B neJIOM He Mo-

)f{eT HMeTb H30TOnH'leeKHlt enHH, paBHb!A HYJIIO. 

V!TaK, eLlHHeTBeHHO B03MO)f{Hbllt HeftTpaJibHbiH paenan: 191 aanpemea; 9KenepHMeHT Bee 

)f{e nOK83biBaeT, 'ITO paenan;bl IT -Me30Ha Ha HeftTpaJibHbie qaeTHUbl npoHeXOD:HT 'lame, 

• 
3 



< •. 

. _,M aa aapH;KeKKbJe /eM. /8/ I. Heo6xoanMo, cneJJ.osaTenbHO, aaKnJO'IHTb, 'ITO aa pacnaJJ.bl 

Tuna /7 I oTseTcTseKHbJ ae CHllbKbJe saauMoJJ.elicTBHH, a aneKTpoMarHHTH&Ie. B &THX ycnosaHx 

HanpaWHB89TCH MbJCJlb, 'ITO HCXOJJ.Hbdl: paCII8 . .:l /8/ TOme 3ll9KTpOM8T'HHTH&Ift, H G
11 

Taxoe npeJJ.nonoJKeHHe ecTecTseHHbiM o6paaoM o61>HCHHeT 6on&woe speMH )KH3HH 11 ° 
Me30Ka, a OTCyTCTBHe p8Cfi8JJ.8 

+ 1 • 

110 + ... rr + 1T /10/ 

MO)KKO ChinO 6bl 061>9CHHTb, KSUpHMep, T9M, 'ITO npOCTp8HCTBeHH89 'leTHOCTb 11 -MeaoHa 

OTpHUST 9Jlb1f8. 

K C0li<SJ19HHIO , H HS &TOM nyTH B03HHKaJOT H9KOTOpb19 COMHeKH51. JJJ.eCb MO>KHO paccyA<-

JJ.aTb TaK >Ke, KSK &TO CJJ.enanH VI .K). Kooaapes H n.B. 0KyHb npH 8HSJJH3e CBO!\CTB w 0 -

121 
M930H8 • 0KH flOK8381JH, 'ITO 601JbWOe Bp9MH tKH3HK W O -M930Ha MO)KHO 001>HCHHTb, 

OCTSB851Cb B paMKSX CH1JbHblX B38HMO!l9ACTBHI\, ecnH C'IKTSTb CfiHH s"' ~ 1, H30TOUH'Iec-

KHA COHH I = 0 H npOCTpSHCTBeHHyiO 'leTHOCTb p 1 G '19THOCTb C'IHTSeT-

"' 
CH, KOH e'IHO, OTpHUST9JJbHOii, flOCK01lbKY HMeeT M9CTO CHJlbH&IA pacnan 

wo + - 0 
1T +TT +17 

Ill/ 

Vf30TOOH'IeCKHli CflHH 1
1717 

CHCT9M bl KSKHx-nH60 JJ.BYX 1T -Me30HOB /panpHMep, 17+ H 17-/ 

JJ.OJJii<eH Ob!Tb paBeH eJJ.HHHUe, TSK KSK B npOTHBHOM cnyqae HeB03MO)KH0 oop830B8Tb COCTOH-

HHe Tpex 1T -MeaoHos, HMeJOwee I = 0 Paa TSK, op6HT8JlbHbJA MOM9HT L 1T1T JJ.on-

meH Ob!Tb He'IE!!TKbiM, KSK MHHHMYM 1 L 1717 = 1 nocK01lbKy OOJlHbiA MOMeKT s = 1 
w 

, op-

6nTaJlbHbi£1 MOM9KT TpeTbero 1T -Me30H8 00 OTHOWeKHIO K CHCTeMe nepB&IX JJ.ByX MO>KeT 

Ob!Tb paBeK KyniO, eJJ.HHHU9 HJlH JJ.ByM; H3 yKS38HHbiX Tpex B03MO)KHOCTeA TOJlbKO BTOpSH 

y .aosneTI:fopseT TaK 11< e nocneJJ.KeMy ycnoBHio 10 
J ~.;.., -1 HanH'IHe nsyx opi5HTanbK&IX Mo-

MeKTOB npHBOJJ.HT K B03HHKKOBeKHIO "ueHTpo6e>KHbiX fiOTeKUHSJlbHbiX 15apbepos", KOTOpbie pE!!3KO 

yMeHbWSIOT sepOHTHOCTb pacnaJJ.a, ecnH JJ.1JHHbl BOlJH ol5paay10WHXC9 'ISCTHU BeJJHKH no cpas-

HeHHIO c paaMepaMH o6nacTH saaHMOJJ.eAcTBHH, OueKKH noKaa&IBSIOT, 'ITO s cny'lae w 0 -Me-

30H8 CHllbHblft pacnan MO)KeT ObiTb nOJJ.SB1J9H KSCTOJlbKO, 'ITO ero sepO~TKOCTb CTSHOBHTCH 

COIIOCTSBHMOfl C sepOHTKOCTbiO enez:TpOMST'HHTHOT'O pacnaJJ.S, TeM 6onee 9TO OTHOCKTCfl K 

11 ° -Meaoay, &HeprHR pacna.aa KOTOporo cywecTseaao MeKbll!e aaepruu pacnana w 0 

Me30Ha, He HCKJliO'IeHO nO&TOMy, 'ITO npouecc /6/ CBH38H C CK1JbHbiMP. B3aHMO.aeitcTBHHMH 

IH, COOTBeTCTB9HKO, G "' - 1 
7] 

I, s TO speMR KSK aeATpanbKbiii: pacnaJJ. 17 I npoucxo.auT 

aa c'leT aneKTpoMarKKTKbix saaHMo.aell:cTBHIL UnR peweaug aToro sonpoca aymHbi HOBbre aKc

nepuMeHTanbHbie ¢iaKTbi. 

HeKOTOpbre yKS38HHfl MO>KHO H3BJ19'1b H3 OTCyTCTBHfl pacna.aa 

p+ .. 7Jo+17+ 112/ 

-3 
KOTOpb!l\ 1 ecnH H npOHCxO.aHT 1 TO C BepORTHOCTbiO M9Kbwell:, '19M 6 , 10 OT BepOHTHOCTH 

/9/ 
OCHOBHOT'O pacna.aa p -Me30Ha /eM. /, nocKOJlbKY Gp .. + 1 H G17 - -1 I Ma-

ny10 sepoHTHOCTb pacna.aa 112/ MO>KHO 6bmo Obi c'IHTaTb cne.acTsueM aanpeTa no G -'leT-

HOCTH, OTKY JJ.S Bb!T9KS110 Obl 1 'ITO G = + 1 , K CO>KSJ19HHIO, cP830Bblft o51>eM, COOTB9TCTBYI0-
11 

WHII: paC!ISJJ.y /12/, .aosonbHO Man, a HM910WH9Cfl T90p9TH'I9CKH9 OII9HKH B9lJK'IHH&I MaTpH'I

HOT'O &119M9HT8 He I!BJlfiiOTCI! JJ.OCTSTO'IHO onpeneneHHbiMH, B HTOre, H9lJ!:t351 ewe yTsepm.aaTb, 

'ITO ua yKaaaHHoi% sepxHeA rpaHKUbi sepoRTHOCTH pacnana /12/ .aell:cTBHTen&HO cne.ayeT ero 

aanpeT B paMKSX CHnbHblX B38HMOJJ.eACTBHA. 
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Cy mecTBeHHbiA mar CBSI3aH e aHamtsoM llHarpaMMbi llanHTIJa. EenH e'IHTaTb, 'ITo pae-

nall 161 Bhi3BaH eH11bHhiMH B3aHMO.lle.i!:eTSHSIMH, TO G -qeTHOCTb T/ -MesoHa, G 
11 

= -1. 

OrpaHH'IHSase& enHHaMH s < 2 , M hi ll011)!{ Hhi paeeMaTpHSaTb eneLtyiOlUHe S0311i!OlKHhie 

+ - + - + -
Ha6opb1 KSaHTOSbiX 'IHeen T/ Me30Ha: 0 , 0 , i , 1 , 2 H 2 lqHeno OTseqaeT enHHy, 

+ 
HHlleKe - 'leTHOeTHI. Ha6op 0 3anpemeH KaK eH11bHhiMH, TaK H aneKTpOMai"HHTHbiMH B3aHMo-

.lleieTBHBMH. llelieTSHTenbHO, SSe.lleM, KaK aTO ylK:e .llenanoeb Shillle, op6HTa11bHbli MOMeHT 

K8KHx-nH60 .llSYX 

30Ha. noeK011bKY 

1T -Me30HOS R OTHOeRTenbHhili op6RTan&HbiH MOMeHT TpeT&ero 1T -Me-

S T/ := Q , o6a yKa3aHHbiX op6RTa11bHhiX MOMeHTa .OOlJ)!{Hhl 6h!Tb paSHhl .apyr 

.apyry, a TOI".Qa BHyTpeHHSISI qeTHOeTb paeeMaTpRsaeMoi eReTeMhl TpeX 

3h!BaeTeSI OTpRIJaTe11bHOft. 

1T -Me30HOB OKa-

Llnst Ka)K.QOI"O R3 OeTan&HbiX Ha6opos KBaHTOBh!X 'IReen eymeeTsyiOT TaKHe o6naeTR .aRa

rpaMMhl LlanRTIJa, B KOTOpb!X nnOTHOeTb cpa30Bb1X TO'IeK o6pamaeTeSl S Hyn&. 3.aeeb Sa)KHO 

141 
o6paTRTb SHRMaHH€ Ha pa6oTy r.Vf. KonhinOBa H B.Vf. OrHeSeiJKOI"O • KOTOpble .OOKaaanH, 

'ITO aTOT peayn&TaT, nonyqeHHhlft nepSOHa'la11bHO T011bKO .011Sl T.H. •npOeTeJiwHX• MaTpH'IHhiX 

aneMeHTOS, enpase.anRs R s eaMoM o6weM enyqae. Ha pRe. 1 noKa3aHo aKenepRMeHTan&Hoe 

151 
paenpe.aeneHRe cpaaoShiX TO'IeK, S3HToe R3 • BR.aHo, 'ITO OHR paenpe.aeneHbi snonHe pasHo-

MepHO 1 T .e. npe.anOlJO)K eHRe 0 TOM, 'ITO G -= - 1 He eornaeyeTeH e onbiTOM, R ero ene.lly-
T/ 

eT aaMeHRTb Ha G -= + 1 • 3To oaHaqaeT, 'ITO see paena.abi 
T/ 

0 
T/ - Me30HOB SlS11SliOTeSl 

aneKTpOMai"HRTHbiMR, KpOMe, 6b1Tb MO)KeT, paena.aa 

4 1T 1131 

KOTOpbiA RMeeT, nO-SR.QHMOMy, HR'ITO)KHYIO sepoHTHOeTb R3-3a O'leHb ManoA senH'IHHh! cpaao

BOI"O 06'b9M8. 

B 'laeTHOeTR 
1
paena.a 161 esHaaH e aneKTpoMarHHTHbiM npoueeeoM BToporo nopH.aKa, s 

KOTOpOM HMeeT MeeTO BHpTy811bHOe HenyeKaHHe H n0!'110llieHHe y -KBaHT8. npH aTOM G -

'<!eTHOeTb M9HSleT 3HaK, a H30TOnHqeeKHH enHH, KaK 6y.aeT noKa3aHO HH)Ke, H3MeHSleTeSl Ha 

e.aHHHIIY. noaTOMY H30TOnH'IeeKHli enHH eHeTeM hi Tpex o6pa3yiOlUHXeSl Me30H OB f TTTTTT := 1 

Tem~pb .llHarpaMMhi llanHTIJa HMeiOT y)Ke .apyroa BH.a, npH'IeM .anH Ha6opos KsaHTOShiX 'IHeen 

1+ H 1 6 " ..l- I 6 no-npe)!{HeMy HMeroTeH o naeTH e Hyneson nnoTHOeT&IO 't'aaOBbiX TO'IeK, a .anH Ha o-

pa 0 TaKRX o6naeTeft HeT
11 •41 • 8 RTOI"e, Ka)KeTeSl paayr..-:Hh!M e'IRTaTb, 'ITO KSaHTOBble 'IRena 

T/ 
-+ 

-Me3oHa eyTb 0 IBTOpOA RH.QeKe eOOTSeTCTByeT G -qeTHOeTH I. 3.aee& eme yMeeT-

Ha HeKOTOpaSl OCTOpO)KHOeTb, nOeK011bKY CTaTHCTHKa noKa 'ITO He O'leHb senRKa R S03M0)!{Ha 

Heo.aH03Ha'IHOCTb npR Sbi'IHTaHRH cpoHa. Cne.ayeT TaK)Ke no.aqepKHYTb, 'ITO B enyqae cRn&HbiX 

B3aHMO.aelieTBHi aHa11H3 He npose.aeH .Q11Sl S > 3 , a .Q11Sl aneKTpOMai"HHTHbiX - .Qa)Ke npH 

s = 2 • 

B CBOe speMH Vf .10. Ko63apes H n. B. 0KyHb no.aqepKHynH Sa)KHOeTb aHa11R3a esolieTB 

y -KsaHTOS, S03HRKaiOlUHX npR paena.ae 
0 

T/ 
' 121 

- Me30HOS , H B .aan&HeftweM TaKHM 

16,7 I 
o6pa30M 6blna nonyqeHa cymeeTSeHHaSl HHcpOpMaiJHSl. B pa60Tax rpynnbl B.S. nro6RMOSa 

Reene.aosaneH 9HepreTH'IeeKRH eneKTp - KS8HTOS, 06p830SaHHbiX B 1T p -s3aHMO.ae.i!:eTBH SIX 

npR E 
1T 

e + e - nap, 7 Bas. 3HeprRH onpe.aengnae& no MarHRTHOMy OTKnoHeHRIO ene.aos 

eoa.aasaeM bJX y - KSaHTaMR SHyTpR pa6oqero o6'beMa ny3blpbKOSOJi nponaHOBOi KaMephi. 

Peayn&TaThi noKa3aHbl Ha pRe. 2. Vf aseeTHo, 'ITo aHepreTH'IeeKR.i!: eneKTP y -KsaHTOS 

5 



<-

.U01IiK9H HM9Tb 9.UHHCTB9HHb!H MaKCHMYM IIpH Ey = M" I 2 , 9C1IH HCTO"'HHKOM y -xsaa-

TOB SIB1ISIIOTCSI 1r
0 

-Me30Hb!. Ha pHC. 2, KpOMe 9TOrO MaKCHMyMa, HMeeTCSI BTOpOft MaK-

CHMYM npH E y - 250 - 300 Mas H, B03MOIKHO, ewe O.UHH rrpa Ey - 500 - 800 Mas 

/8 g; 
/eM. TaK)Ke ' /. 

0TCIO.Ua cne.uyeT cyweCTBOBaHHe, IIOMHMO 1T O -Me30HOB, KaKHX-TO Ll01101IHHT91IbHb!X 

HCTO"'HHKOB y -KBaHTOB. B qacTHOCTH, y3KHA BTopoA MaKCHMYM IMo)KeT 6b!Tb, .ua*e He-

IIOHSITHO Y3KHA J / ecTeCTB9HHO CBSI3biBaTb C pacna.UOM H9KOTOpOH "'aCTHUbl, B C06CTB9HHOA 

CHCTeMe KOTOpOft o6pa3yiOTCSI MOHOXpOMaTH"'eCKHe y -KsaHT bl. B Ka"'ecTBe B03MO)KHbiX 

rHIIOTe3 MO)KHO yKa3aT& Ha pacna.Ubl 

., 0 ... y + y /14/ 

., 0 ... ,.o + y /15/ 

nepBbiA H3 HHX aaeT y -KBaHTbl C E y = 274 Mas, BTopoA - 259 Mas • .UocTHrHyTaH 

9KCII9pHMeHTa1I&HaSI TO"'HOCTb He II03BOnHeT pa3.UenHTb CT01Ib 6nH3KH9 3Ha"'eHHSI 9HeprHH. 

Cne.uyeT, BIIpO"'eM, HM9Tb B BH.Uy, 'ITO ll1ISI HaH6onee BepOSITHOrO Ha6opa KBl!HTOBb!X• "'HCen 

-+ 
71 ° -Me3oHa /0 I pacna.u /15/ 3arrpeweH KaK "'Hon&-Hon&-rrepexo.u"', a TaK*e coxpaHe.'-

HHeM 3apSillOBOft "19THOCTH C 

.(C 71 o=+1 c 0 = + 1 1 c = _, 1 ) • 
1T y 

/10/ 
B pa6oTe M eHKY"'HHH H ap. c IIOMOIU&IO anez:TpOHHKH H3y"'anac& peaKUHH 

y + p ... .,o + p 
/16/ 

IIpH"19M sepXHliSI rpaHHUa aHeprHH TOpM03Hb!X y -xsaHTOB Ton&Ko aeMHoro npeBblwana 

aenH"'HHY sHepreTH"'ecz:oro nopora. YcTaHOBKa perHCTpHposana BTOpH"'Hble npOTOHbl, o6naaan

wae onpeaeneHHWM 3HaqeHHeM HMnyn&ca H BbineTaiOwHe rroa onpe.ueneHHbiM yrnoM. B aTHX 

YC1IOBHSIX 3aKOHW COXpaHeHHSI 9HeprHH H HMIIY1IbCa OllH03Ha"'HO OIIpeaenHIOT HanpaBneHHe H 

HMIIY1IbC 71 O - "'aCTHUbl. nosToMy, eCnH B .Ua1I&HeftweM IIpOHCXO.UHT pacna.u /}4/ H1IH /15/, 

TO 9HeprHH y -KBaHTa CHOBa OllH03Ha"'HO CBSI3aHa C yr1IOM ero Bb!1I9Ta. 0CHOBHOH "'aCT&IO 

ycTaHOBKH 6bi1I C"'9T"'HK 1101IHOrO IIOr1IOW9HHSI ICBHHUOBoe CTeKno/, C IIOMOWb!O KOTOporo MO)K-

HO 6bi1IO H3Mep51Tb sHeprHIO BTOpH"'Hb!X y -xsaHTOB c TO"'HOCTbiO :!:15%. OrrbiT noKa3an, 'ITO 

SHepreTH"19CKHH cneKTp y -KBaHTOB IIOC119 Bbi"'HTaHHSI .UOB01I&HO 601IbWOrO cpOHa 
1
.ueftcT-

BHT91IbH0
1 

HM99T 0)KHllaeM blft MaKCHMyM, eC1IH sepXHSISI rpaHHUa TOpM03HOrO CIIeKTpa npe.Boc

XOllHT IIOpOr peaKUHH /}6/ H He HMeeT HHKaKoro MaKCHMyMa B IIpOTHBHOM cnyqae. K CO)Ka

neHHIO, H B STOM OllbiTe He Yll8110Cb IIOKa 'ITO BbiSICHHTb, KaKOft H3 pacna.uos
1
/14/ H1IH /}5/

1 
HMeeT MEIC.., 

TO, IIOCK01I&Ky o6a OHH npHBOLlSIT K O"'eHb 61IH3KHM KHHeMaTH"'9CKHM COOTHOW9HHSIM. 

/11/ 
KpeTHeH H ap. pa6oTana c rry3b!p&KoBoA KaMepoA, 3anonHeHHoil: cMeC&IO nponaHa, 

STaHa H M9TH1I-HOllH.Ua, HMeiOweft pa.UHaUHOHHYIO Ll1IHHY 8,2 CM. BepOSITHOCT.b KOHBepCHH 

y -KBaHTOB BHyTpH KaMepbi COCTaB11511Ia 60%, H STO .UaBa1IO B03MO)KHOCTb perHCT-

+ y - KBaHTaMH, o6pa30BaHHbiMH B O.UHOM H paUHH H9CK01IbKHX - nap, Bbi3BaHHbiX e e 

TOM :>Ke saaaMo.ueAcTBHH. KaMepa o5nyqanac& rr -Me3oHaMH npa pc = 1140 Maa, a 

B91IHCb IIOHCKH peaKUHH 
" + p ... .,o + n 

/17/ 

.. 
6 

c 
+ e 

z:oA 
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uHeA 

nony 
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r -xaaa-

I Max

Msa 

n&HbiX 

HHOli 

HbiX 

14/ 

5/ 

/16/ 

ana 

6na.llaro-

9THX 

He H 

HlDI /15/, 

llaCThiO 

ro Mo:>K-

an, !ITO 

elicT-

CO:lKa-

HOM H 

H 

17/ 

r 
I 

I 
i 

-

f 
I 
I 
I 

C IIOCne.llyiOIUHM paCII8.llOM /14/ • .lJ.nH 9TOi!: uenH OT6HpanHCb CHHMKH, eO.llep)!{8IUHe .llBe 

Me)!{.lly eoOTBeTeTBY!Ollll11MH y -KB8HT8MH 

B e.U.H. noexonbKY B 9TOi!: CHCTeMe Bee 
0 

TJ -qaeTHUbl HM eiOT OLJ:HH8KOBY!O 9HeprH 10, 

KpHB8H paerrpe.llelleHHH 0 yy nerxo MO* eT 6biTb Bbi!IHent;!Ha TeopeTH'IeCKH, eenH rrpen:rrono-

:lKHTb, !ITO pacrran: /14/ npOHCXOLJ:HT H30TponHO. B qaeTHOeTH, HMeeTeH HeKOTOpoe MHHHMan&-
mfn 0 

(Orr .. 110 ) COOTBeTCTBYJOIUee Clly'laiO, KOr.lla y KB8HT bl Bbi-

0 
neTa!OT nepneHLJ:HKyiiHpHO HanpaaneHiiJIO LJ:BH)!{eHHH TJ -'laCTHUbi. 

3KcnepHMeHT81IbHble peayn&TSTbl LJ:SHbl H8 pHC. 3. Jlea'&Ift MaKeHMYM eBH38H C nepeaapHn:-

KOft 

11 + P -> 11 o + n ( 11o -> y + y ), /18/ 

npaBbli!: - c HeKOMOi!: peaKuHei!: /17 I. noene Bbi'IHTaHHH cpoHa, coan:aaaeMoro a oeHOBHOM peax

UHei!: 

/19/ 

liOIIY'189TCSI 1t8pT111H81 H306pa)!{9HH8SI HS pHe. 4, I'.lle nOKa3aHa o6naCTb BTOpOrO MalteHMyMa. 

CornacHe e KpH·BOi!:, paeC'IHTaHHOi TeopeTH'IeCKH, rroaaonHeT aaTopaM aaKIIIO'IHTb, liTo npo

uecc /14/ ,n:eftcTBHTen&H0 1 HMeeT MeCTO. 

1121 
K TaKOMy *e Bb!BO.lly npHXO.llHT Bep H n:p. , Hccnen:oaaawHe peaKUHIO /17/ c 

IIOMOlllbiO uya&Ip&Koaoi!: KaMepbi, HarronHeHHoi!: CMeC&IO C 3 H 1 H CF 3 Br /pa.llHaUHOHHaH 

n:nHHa 22 cMI. KaMepa Haxon:Hnac& a eHn&HOM MarHHTHOM none H = 17500 rc, rroaaong-

IOIUeM H3MepHTb aHeprHIO e + e _,-nap IIO MarHHTHOMy OTKIIOHeHHIO, HeCMOTpH aa· 6on&wyJO 

pon& MHOroKpaTHoro KynoaoBCKoro pacceHHHSI. To'IHOCT& H3MepeHHi!: sHeprHH 6blna, npaan:a, 

HeBeiiHKa II COeTaBIISIJia 30%. 

AaTOpbl OT6HpanH CHHMKH C LJ:BYMSI. 
+ e e -napaMH H, npen:nonaraH, 'ITO o6a y -xaaH-

Ta o6paaoaanHc& npH pacna.lle HeKOTOpoi!: 'laCTHUbi, Bbi'IHCnSinH ee Macey. Ha pH e. 5 nocTpoe

HO pacnpe.llelleHHe nony'leHHb!X TaKHM o6pa30M 3HaqeHHi!: MaCChi. nepBbii!: IIHK eoOTBeTeTayeT 

11° -Meaoay /cpen:aee aaa'leHHe Macchi 138,5!_3,7 Mas/, aTopoi!:- 71° Meaoay /cpe.llaee 

3HS'IeHHe MaeCbl 573!26 Mas/. nocne Bb!'IHTaHHSI cpoaa, eBH3aHHOI'O C peaKUHei!: /19/, B o6-

naCTH BTOpOrO MaKeHMyMa OCTaeTCH 21 :!:,6 cnyqaeB (cpoH eoCTaBIISieT ,oJ 7 Clly'laea). 

CoBOKYIIHOCTb OIIHeaHHb!X OllbiTOB yKa3 biBaeT 1 IIO-BHLJ:HMOMy, Ha eyweeTBOBaHHe paciia.lla 

/14/. OTeJO.lla npe*n:e acero enen:yeT, 'ITO CIIHH TJ O -Me30Ha He MO:lKeT 6biTb paBHbiM 

en:HHHUe /acnoMHHM aHaiiOI'H'IHY!O CHTyaUH!O e paciia.llOM 11° -> 2y I. 06 bl'IHO e'lHTa!OT' 'ITO 

5 = 0 , XOTSI, KaK y:>Ke OTMe'laiiOCb Bb!IUe, LJ:IISI TSKOI'O Bbi60pa ceA'lae HeT ewe LJ:OeTa-
TJ x/ 

TO'IHO y6en:HTe11&HbiX OCHOBaHHA • B 8TOA eBH3H HY)!{HO HMeTb B BHLJ:Y HHTepeeHyJO pa6oTy 

/14/ 
MHHaMH 1 KOTOpb!A npen:JIO)!{HII HCCnen:oBaT& peaKUH!O /1/ B61IH3H ee sHepreTH'IeeKOI'O no-

pore. JlerKo noKaaaTh, 'ITO B aTOM cnyqae oHa aanpeweHa n:nSI neean:ocxanHpHoro TJ 0 
-Me

aoHa 111 pa3pew eHa npH JII060M 3H&'IeHHH eiiHHS 1 OTIIH'IHOM OT HYIIH. 3KenepHMeHT81IbHO 9TOT 

aonpoc ewe He Hecnen:osaH. 

/13/ 
xl B pa6oTe IIOKa3aHo, 'ITO yrnoaoe pacnpe.lleneHHe rr o -MeaoHoB B cHeTeMe 11 °-

MeaoHa H30Tponao; sTo cornacyeTeSI e npen:rrono:lKeHHeM S = 0 
TJ 
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(,. 

Upyry10 B03MO)!{HOCTb Mbl rrpoHnn!OcTpHpyeM Ha rrpHMepe peaKuHH /17 I._ By LieM oT6H-

paTh Te B38HMO.UeitCTBHll, B KOTOpb!X ~ 0 
-MeaoH BblneTaeT B HarrpaaneHHH rrepauqHoro 

1T -Me30Ha. TorLia rrpoeKUHH Bcex op6HTanbHbiX MOMeHTOB Ha STO HarrpaBneHHe paBHbl Hy-

n!O, a npoeKUHH CIIHHOB rrpOTOHa H HeitTpOHa MOryT 6biTb paBHbl :!: 1/2. EcnH rrpe,nnonO)!{HTb, 

qTO s = 2 
~ 

, TO H3 coxpaHeHHll yrnoaoro MOMeHTa cneLiyeT, qTo rrpoeKUHll CITHHa 11 ° -
Me30Ha He MO)!{eT ObiTb paBHa :!:2; HHbiMH cnoBaMH, T8KOit 

0 
11 -Meaou OKaaanc ll 6bi Bbl-

cTpOeHHbiM H, cneLioBaTeni:.HO, yrnoaoe pacnpeLieneHHe qacTHII, o6paay10mHxcll rrpH ero pac

rrane, LIOn)!{HO obiTb aHH30TporrHbiM. Cxo.nHall CHTyaiiHll HMeeT MecTo rrpH n1060M HarrpaaneHHH 

BblneTa ~ 0 -MeaoHa, ecnH aHeprHll rrepaHqHbiX 1T -Me3oHoB 6nuaKa K rroporoaolt H ~0 -· 

Me30Hbl Oopa3yiOTCll B S - COCTOSI:HHH. 

CymecTBOBaHHe pacnana /14/ noKa3biBaeT, qTo aapll.UOBaR qeTHOCTh 7J 0 -MeaoHa 

' c 0 = + 1 
7J 

• l13BeCTHO, qTo LIJill HeitTpanbHbiX CHCTeM cnpaBeLinHBO COOTHOllleHHe 

G (-1) I C /20/ 

OTKy.na cne.nyeT G = + 1 
7J 

, flOCKOnbKY I = 0 
7J 

• noaTOMy pacrraLI /2/ He MO)KeT 

npO.HCXO.UHTb 38 cqeT CHnbHbiX B38HMOLieitCTBHit H S!:BnlleTCSI sneKTpOMarHHTHbiM nponecCOM 

BTOporo rropHLixa. PacnaLI 71° -MeaoHa no cxeMe /10/ paapeweH no crrHHy, G -qeTHoc-

TH H 38pll.UOBOit qeTHOCTH, B STHX ycnOBHllX ero OTCYTCTBHe MO)!{eT 03Haq1iTb TOnbKO TO, 

qTO npOCTpaHCTBeHH8SI qeTHqCTb P 
11 

= - 1 • TaxHM o6paaoM, HaHoonee aepoHTHblit Ha5op 

-+ x/ 
xaaHTOBbiX queen 

0 
7J 

3apS!:LlOB8ll qeTHOCTb 

. .. 
aanpemeHbi npH n106oM n 

-MeaoHa HMeeT BHLI 0 npH I = 0 

G
71

o + 1 noaToMy pacna,Ubl 

~o->nrrO+y /21/ 

pacnaLI bl' THna 

~o .. n,o+y +y /22/ 

pa3peweHbi, HO MO)!{HO ,nyMaTb, qTO OHH MeHee BepOHTHbl, qeM pacnaLI /14/, H3-38 MeHI:.weit 

aenHqHHbi ¢aaoaoro o6'beMa. CneLiyeT noaToMy O)!{HLiaTI:., qTo ueltTpani:.Hble pacna.nbl 
0 11 -Me-

30HOB llpOHCXOLISIT B OCHOBHOM ITO CXeMaM /9/ H /14/ • 0 fiOCneLIHeit Mbl y)!{e rOBOpHnH. !.{TO 

KacaeTCll CXeMbl /9/, TO COOTBeTCTBYIOI.I.{He SXCU9pHMeHTaJibHbi9 Ll8HHbi9 H900blqaftHO CKYLIHbi. 

no CyTH Liena
1
.H3BeCTHO TOnbKO, qTo cymeCTByeT KaKOit-TO THfl pacnaLia ~O -Me30Ha, co-

/16/ 
npOBO)!{LI&IOI.I.{HitCSI o5pa30BaHH9M 5onee qeM LIBYX y -KBaHTOB H qTO OTHOlll9HHe ae-

-pOSITHOCTeit 
TJo ... 3rro 

< 1,1 + 0' 3 /cM/11/ I. TJO -> 1T+1T- 770 

QqeHI:. HHTepecHo 5blno Obi nonyqHTh 5onee rronHyiO HH¢opMaiiHIO, nocxon~:>xy a OTHOllleHHH 

pacna,na /9/ cymeCTByiOT onpeLieneHHble TeopeTHqeCKHe npeLICK838HHll. lleftCTBHTenbHO, Bblllle 

y)!{e OTMeqanoch, qTo o5paayiOmaHCll nocne pacnaLIOB /6/ H /9/ cHcTeMa Tpex 77 -Me30HOB 

uMeeT H30TOflHq~CKHit CflHH I 
1T7T1T 

I • Mo)!{HO noKa3&Th, qTo a aTOM cnyqae non)!{HO obiTh 

x/ o 
l1 HTepeCHO OTMeTHTb, qTO 38LIOnro LIO OTKpbiTHSI 7J -Me30Ha CBOitCTBa qacTHilbl C 

TaKHM ·Ha5opoM KBaHTOBbiX qHcen 5bmH paccMoTpeHbi H.B. 3eJibLIOBHqeM/l5/. OH )!{e npeLino

)!{Hn H HCrrOnb30BaHHbiil: BfiOCneLICTBHH MeTOLl ee OOHapy)!{eHHSI, OCHOBaHHblit Ha onpeLieneHHH 

aenHqH Hbl T .H. HeLIOCTaiOmeft M8CC bl. 

.. 

8 

BbiDOnH 

lloKa)K 

nH6o 

TOMY B 

H nor 

TOMY 

/eM. 

rrpou 

/eM. 

I 
7T1T 

qeM 

KH 

ero 

.up. 



OT6H-

oro 

BHhl Hy-

o pac-

&BneHHH 

H .,o __ 

a a 

aa6op 

a, co-

e Be-

WeHHH 

B&Iwe 

e30HOB 

hiT I:. 

&I c 
ano
HHH 

I 
I 

Bblnonaeao cneny10mee cooTHomeaae MeJKny aepOHTHOCTSIMH pacnanoa: 

0 ., 
0 + 

'f/-+11 +11 

< 3/2 /23/ 

noKa>KeM Tenepb yTBep)t{neaae I""" = 1 . npa aanyqeHHH y -KB8HT8 H30TOUH'IeCKHA CllHH 

1IH60 He H3MeHSieTeSI, 1IH60 H3MeHSieTCSI Ha el]HHHily, TO JKe OTHOeHTeSI H K llOI'1IOll{eHHIO. nos-

TOMy B peaynbTaTe SneKTpOMBI'HHTHOI'O nponecea BTOpOI'O UOpSillK8, eBSI38HHOI'O C nanyqeaHeM 

H llOI'1IOWeHHeM BHpTy81IbHOI'O y -KBaHTa, B03MO*HO H3Meaeaae aaoTonaqeeKoro erraaa aa 

0,1 H1IH 2. C llPYI'OH eTOpOHhl, eOOTHOlUeHHe /20/, cnpaBell1IHBOe l]1ISI HeiiTp81IbHhiX eHCTeM, 

CBSI3biB8eT Me*llY co6oi H3MeHeHHSI G -qeTHOeTH H H30TonaqecKoro enaaa, noeK01IhKy aapSI-

aoaa!l qeTHOeTb B TaKHX sneKTpoMarHHTHhiX B3aHMoneicTBHSIX coxpaHHeTeSI. Tenepb Y*e SICHO, 

'ITO noeK01IbKY nocne pacnanos 161 H /9/ G - 'leTHOeTb H3MeHSieTeSI, H30TOrr-eliBH T8KIKe 

aon)KeH R3MeHHTbeSI, npa'leM T01IhKO Ha enaaRny. Ha'lanbHhli aaOTon-enHH I 11 = 0 , rros-

TOMy KOHe'IHbiH I 1T1T1T = 1 

• /17 I 
Eonee nonp.o6Ho STOT Bonpoe paceMoTpeu B HHTepecaoA pa6oTe <l>aAH6epra H naaea 

/eM. T8K)Ke/1S//. 

CxOllHble C006pa)t{eHHSI OTHOCSITCSI C O'leBHllHhiMH H3MeHeHHSIMH H K S1IeKTpOM8I'HHTHbiM 

npoueccaM nepsoro nopRnKa, B 'lacTaocTR K pacnanaM 

/24/ 

., 0 -+ 11 + + 11 + y 
/25/ 

B nepBOM R3 aax G - 'leTHOCTb H3MeHSieTCSI 1 cnellOBaTe1IbHO, H30TOll-CllHH He MO>KeT H3Me-

HHThCSI, T.e. [
11

1T1T = 0 • 0THOlUeHHe BepOSITHOCTH STOI'O pacnan.a K BepOSITHOCTH pacnana /6/ 

Tpyaao oueHHTb TeopeTH'IeCKH. KaK sneKTpoMarHHTHhiA pacnan nepsoro nopSinxa oa Mor 6hl 

llpOHCXOllHTb 3H8'1HTenbHO 6biCTpeA, qeM paCU8ll /6/, HO, C npyroi CTOpOHhl, eMy COOTBeTeT

ByeT MeHblll all: ¢aaOBhll!: o6'beM. 3necb Tpe6yeTcSI sKcnepaMeaTanbaoe accnenosaaae sonpoea 

/eM. HI!)Ke/. 

B pacnane /25 I G -qeTHOCTb ue H3MeageTCSI. 3To oaaaqaeT, 'ITO OH paapelUeH, ecna 

f = 1 • no TeopeTH'IeCKHM OU9HK8M OH l]01I)t{9H 6b1Tb BO MHOI'O pa3 6onee BepOSITHbiM, 
mr 

qeM pacnan /6/, 'ITO peaKO ue cornacyeTc Sl c sKcnepaMeHTanbHhiMH naHHbiMH. 3necb Mbi cTan

x/ 
KHB89MCSI C 601IblUOA H ll0K8 'ITO He pelUeHHOi TpyLlHOCTblO 

B nepBhiX sKcrrepaMeaTax pacnan /25/ soo6we ue 6hln o6uapy*eu, H cTano SICHO, 'ITO 

ero sepoSITHOCTb ae MO)t{eT 6biTb 6onbwol!:. B aenasuo noRBHBweicB pa6oTe <l>aynepa H 

/19/ 
Llp. , BbiU01IH9HHOi C rrOMOWbiO BOllOpOllHOH rryabipbKOBOA KaMepbi, O'leHb rronpo6ao Hecne-

ll0B81I8Ch peaXUHSI 

/26/ 

x/ AuanorR'IHaR Tpyn~ocTb B03HHKaeT rrpH eonocTaBneHHH sepoRTHOcTei pacnanos /6/ 11 

/}4/: OrrbiT rrOK83bJBaeT, 'ITO OHH BU011He COllOCT8BHM hi; llO TeopeTH'IeeKHM OUeHK8M paenan 

/14/ HM99T BO MHOJ"O paa 60n&WyiO BepOSITHOCTb. 
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l. 

r"e eHMSOriOM xo 0603Ha'leHbl JII06bJe HeifTpaJibHbJe 'laeTHUbl IO.UHH HJIH HeeKOJibKO fT O-

Me30HOS, y -xsaHTbl, RX KOM6RHaURHI. npH pc = 1170 Mas 6biJIO oTo6paHo 76 TaKHX 

enyqaes, rrpH'IeM rrpaKTH'IeeKH see OHR OK838JIHeb esH3aHHbiMH e reHepauHeA 11° -Me30Ha. 

Llanee Ob!Jl IIOeTpOeH rpa<lJHK, IIO Ka3aHHb!H Ha pRe, 6. no OeH a6euHee OTJIO)K eHa semPIHHa 

Ksa.upaTa HMrryn&ea qaeTHUbi X 
0 

, no oen op.uHHaT - Ksa.upaT ee aHeprHH. BH.uHo, 'ITO see 

TO'IKH XOpOlllO rpyrrrrHpyiOTeH B6JIH3H .USYX rrpHMbiX, O.UHa H3 KOTOpbiX eOOTBeTeTByeT eJiy"'a!O 

XOE 71 o .upyraH - x 0 = y • HRKaKHX .upyrHX THIIOB paena.ua He· HaA.ueHO, S TOM 

"'HeJie H paerra.ua 124/. 0THOllleHHe sepOSITHOeTei!. paerra.UOB 125/ H /6/ 

0 
11 

+ 
.... fT + fT 

0 + 
11 -+rr +rr 

+ y 

0 + fT 

0,26 ± 0,08. 
/27/ 

Kax Y*e yKa3biBanoe&, TaKoA pesyrr&TaT Ka*eTeH rrpoTHsope"'aiUHM eymeeTsyJOLUHM TeopeTH-

"'eeKHM OUeHKaM, 

M hi eTaJIKHBaeMeH s.uee& e xaKHMH-TO , noxa HerroHSITHbiMH, o6cToHTen&c.TBaMH, KOTopbie 

pe3KO IIOSblllla!OT sepOSITHOeTb 9JieKTpOMaf'HHTHbiX nepeXO.UOS STOpOT'O IIOpR.UKa, JIH6o, "'TO Ka

)KeTCSI 6onee npas.uonO.UOOHbiM, no.uaBJISIIOT paena.u rrepBOT'O IIOpH.UKa. ilJIH npOSieHeHHSI eHTya-

UHH ObiJIO Obi O"'eHb Ba)KHO H3MepHTb HJIB XOTSI 6bi OUeHHTb BpeMSI )KH3HH 11 -MeaoHa. B 

IIpHHUHfie 9TO MO)KHO e.uenaTb, Hecne.UyH <lJOTOreHepaUHIO 11 -MeaoHOB Ha xynoHosexoM none 

T g)f{eJIOT'O SI.Upa, T .e, HenOJibaySI rrpoueec, o6paTHbiH paena.uy /14/. npH 9TOM BeJIH"'HHa a¢¢eJt-

THSHOT'O ee"'eHHSI nponopuHoHaJI&Ha rnHpHHe 11° -peaoHaHca H npH Z - 100 H E - 4 Bas 
-28 2 /20/ 

.UOCTHraeT - 3.10 CM /eTepa.u, eeJIH e"'HTaTb r - 150 as /eM., HanpRMep I . .LlnSI yy 
OT.UeneHHSI yKa3aHHOT'O rrpoueeca OT SI.UepHOi! reHepaUHH 11° -Me30HOS MO)KHO OIIHpaT&eSI Ha 

~ 0 
O"'eHb y'3Koe yrnosoe pacnpe.ueneHHe I HaH6onee sepoSITHbiA yron - 0,5 I H Ha obiCTpbiA 

poeT eeqeHHSI e Z I a - Z 
2 

) • 

B 38KJIIO"'eHHe XO"'eTCSI o6paTHTb BHHMaHHe Ha O.UHO B03MO)KHOe o6me<lJH3H"'eCKOe "rrpH-

JIO)KeHHe" peayn&TaTOB, II01Iy"'eHHbiX 1IpH HeCJie.UOBaHHH 71 ° -Me3oHa. Mbl BH.uenH, "'TO pae-

na.u 11 O -Me30Ha Ha TpH 17 -Me30Ha sanpemeH eoxpaHeHHeM H30TOnH"'eeKOT'O CIIHHa H 

OcymeCTSJISieTCSI rroepe.UeTSOM 31IeKTpOMaf'HHTHb!X B3aHMO.Ueil:CTBHA STOpOT'O nopSI.UKa. noMHMO 

BCero IIpO"'ero, 3TO 03Ha"'aeT, "'TO S CHJibHbiX B3aHMO.UeAeTBHSIX H30TOnH"'eeKHH enHH eoxpaHSI-
2 -4 

eTcSI, no xpaAHeA Mepe, e TO'IHOeT&JO .uo '11IeHOB nopH.UKa a - 10 • CaMo co6o10 paayMeeT-

cH, "'TO pe'lb a.ueeb H.UeT He CTOJ1bKO 06 OKOH"'aTeJ1bHOM yTB.ep)K.I:J.eHHH, eKOJibKO 0 HanpaBne
/21/ 
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PyxorrHCb nocTynuna B H3.LJ.aTe nbCKHii OT .n.en 
14 M8H 1963 I". 

0.1 
(a) 

ETA DALITZ PLOT 

9ERKEL£Y P.R.L.§ 114 23 
U.C.R.L. 10219 17 
U.C.R.L. 10237 46 

B.N.L. P.R.L. II 329 42 
COLUMBIA- RUTGERS 90 
JOHN HOPKINS 2 !I' 
YALE ~ 
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.[lH8I"p8MM8 .[lanHTU8 .LJ.nH 1/0 -Me30H8, IIOCTpOeHHaH ITO CyMM8pHblM .lJ.8HHbiM, 

B3SITblM H3 pa3nH'IHb!X pa6oT. 
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