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§ 1. BB e u e H n e 

B HaCTOlil!l00 Bp0MlI B OCHOBHOM 113Y'I0Hbl B03MO}l{Hbl0 6030HHbl0 peaoHaHCbl, pac-

naua10m11ec1I no c11nhHOMy aaa·11MouelicTBlllO Ha 'i1' - R I{ -M030Hbl B HHTepBane Mace OT 

2mlT AO 1-1,5 r:;lB. B peaynbTaTe 3TIIX HCCH0,l:lOBaHIIJ! 6bIHO OTKpb!TO OKOHO 15 HOBbIX KO

pOTKO}KIIBYlllllX 'IaCTllll (. w- I p- ' K*-' C -M830Hbl II ,ttp,). 0,ttHaKO BOnpoc O cymecT

BOBSHIIII HOBblX pe30HSHCOB, pacna,ttalOl!lllXClI TOHbKO no 3H0KTpOMarHIITHOMY B3allMOA0liCTBIIIO 

C y'IaCTll0M y -KBaHTOB, ~aKTll'I0CKII eme H0 11ayqanclI (pacnau TaKIIX peaoHaHCOB no 

CllnbHOMY B3allMO,ttel!CTBIIIO MO}K8T 6b!Tb aanpemeH aaKOHaMII coxpaHeHHSI) xi, 

3TO o6cTOlIT0HbCTBO Ob!HO CBlI3aHO C M0TOilll'I0CKIIMII TPYAHOCTlIMII per11cTpau1111 y

KBaHTOB, CeJ!qac C03AaHll0 OOHblllllX nyabipbKOBblX i<aMep, HanonHeHHbIX TlI}K8HblMII }KHilKOC

TSIMII, ncnonb30Bam;e IICKpOBb!X KaMep II qcpeHKOBCKIIX C'I0T'IIIKOB nonHoro nornomeHl!lI n 03-

BOnl!eT pemHTb 3TOT aonpoc, 

B CBSl311 C 3THM npeucTaBnl!eT IIHTepec paccMoTp0Tb o6naCTII Mace r11noT0Tll'I0CKHX 

M030HOB (Ha30B0M IIX L -M030HaMH), Korua HX pacnau IIO CHHbHOMY B3al!MOU0i!CTBHIO 

6bm 6bI aanpemeH 3aKoHaMI! coxpaHeHHlI CTpaHHOCTH ( s ) I H30TonnqecKoro cnnHa ( I ) I 

06bI'IHOro cn11Ha ( J ) I § -'I0THOCTH, C -'I0THOCTH nnn npocTpaHCTB0HHOl! 'I0THOCTH 

III 
( P ) • B pa6oTe 6bmo npoBe11eHo TaKoe paccM0TpeH11e um, L -MeaoHOB c I= S=· O. 

B 3TOJ! CT8Tb0 6y,ttyT paCCMOTp0Hbl L -M030Hbl C I =· 1 , S=· 0 I J ~ 1 H C 

I = ½ I J ~• 1 , 

§ 2. MeaoHbI c a 1 H $ =· 0 

+· 
Ecnn mL < mlT ' TO B 3TOM cnrrne 6bmll 6b! B03M0}1{Hbl pacna/lbl IT- -M030HOB 

no KaHanaM: 

II Bp0MlI }KH3HH 

+ 
IT-· ➔ L 

IT 

+ 
+:y 

{JL =0,1) 

IT± -M030HOB 6bmo 6b! 3Ha'IIIT0HbHO M0Hblll0 ( r ., 10- 16 

( I) 

(2) 

-20 10 ceK), 

xi 
BoaMO}KeH n TaKol! cnyqaJ!, Korua pacnaA peaoHaHca no aneKTpoMarHIITHOMY KaHa-

ny MO}K0T npoHCXOilHTb H 6ea nany'IeHHlI y -KBaHTa, Torua OH M0}1{0T ObITb 06Hapy)K0H 

npn H3Y'I0HHH CI!0KTpa 3Cj,,lleKTHBHb!X Mace paanH'IHb!X KOM611Haonl! IT_, - H K -M030HOB 

(nanpnMep, 71 .. 31T ) • 
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• 
'teM 3KC11ep11MeHTaTTbH0 113MepeHH0e ( r + " 

-8 
2,5, 10 ceK), KpoMe Toro, sxcnep11MeHTenb-

11-

Hble 11011CKII aapSl}KeHHblX qaCTllU C Maccoil M9Hhrue, "EJ:eM Macca µ -MeaoHa, nann oTpn-

uaTenbHblil pe3ynbTaT
121 

TaKHM o6pa30M, HeT 0CH0BaH11l! C'tl!TaTb, 'ITO B03M0}KH0 cymecT-

BOB8Hl:Ie L -Me30H0B C mL < m11 

2) m < m < 2m 
_JI_ _L.._______JL 

Ecn11 L -Me30Hbl 111,!e!OT Macey B IIHTepBane OT m11 

HblMII pac11anaM1I 6ynyT: 

+: +: 
L ➔ 11-, + y (J = 1)' 

L 

+: 
L_, ➔ 11:!:.;+:y+:y (JL c0,1), 

0 
L ➔ y +·y (JL=0), 

0 
( J L =• 0, 1), L ➔ y +y+:y 

Lo ➔ 110 +: y (JL=l).: 

no 2 m 11 t TO IIX 0CH0B-

(3) 

(4) 

(5) 

(6) 

(7) 

KaK Bll.tlH0 113 (3-7), L -Me30Hbl 6y.nyT pac11anaTbCSI 06S13aTenbHO C y'taCTHeM 0.ttHoro 

HnH H9CKOnbKHX y -KBaHT0B, 

PaccMOTpHM 9KCnepnMeHTanbHble naHHbie, K0T0pb!e M0rnn 6bl npoTHB0pe'tl!Tb cymecT-

BOB8HHIO L -Me30H0B B 9T0M l!HTepsane Mace. KaK 6b!IIO CKaaauo Bblllle, 11pS!MblX 011blT-

Hb!X naHHblX HeT, HMeIOTCSI T0IIbK0 HeK0T0pb1e K0CBeHHble yKa3aHIISI, Ha11pnMep, 601IbillOe spe-

-17 -18 P§ - + 
MS! }Kll3HH ( 10 - 10 cex) 'I -Me30Hff ( I = o, J = 0 ) o6'bSICHSleTCSI TeM, 

'ITO OH pac11anaeTCSI sneKTP0MarHHTH0, Eonee 6bICTpblMH M0rnn 6bl 6b!Tb CllTTbHble pac11a.nbI 

THII8 

ecnn 
P§ 

J o+ HIIH 

+· -, 
'I ➔ 11 _, +: L +: 

(8) 

nn,i BCeX .npyrnx Ha60p0B KBaHT0Bb!X 'tHCi'lll L -Me30H0B 

(11x 0CTaeTCSI 6) Rac11a.n (8) 3anpemeH 110 CIIIIbH0MY B3aHM0/1el!CTBHIO 3aK0HaMn coxpaHeHHSI 

Ill 
( CM, TaK}Ke pa6oTy ) • O.nHaKO see 3 TH yxaaaHl!SI He HMeIOT CHIIbl, ecnn B3aHMo.neilcTBHe 

L -Me30H0B C HyKnoHaMH 3Ha't11Te1IbH0 cna6ee 11-•N B3aHMo.nel!CTBIISI, 'ITO HMeeT MeCT0 

JtnH a:::ex pe30H8HCOB. 

TaxnM o6paaoM, B ST0M naTepaane Mace 

KaTb nx cnenyeT 110 pac11anaM T11na (3-7), 

3) m11 <mL<3m 71 

B 9T0M cnyqae T0IIbK0 nn,i KOM611Haun11 

no CllllbH0MY saanMo.nel!CTBIIIO: 

4 

L -Me30Hbl MoryT cymecTB0BaTb, II nc-

P!:'.) -+ 
J ~ 1 pa3pemea pacnan L -Me30H0B 

l 

+ 
L ➔ 11 

!: 
+ 11 

0 

a .nn,i Bcex 0CTaIIbHbIX aa6op0B KBaBT0BbIX 'tHcen 

(g) 

L -Me30H0B (7 KOM6HHaunil JP§ 

AIIlI J 5.. 1) pac11a.n 6y.neT ll/1Tll- no aneKTP0MarHHTH0MY KaHany. 

3ap,ilKeHHbie L -Me30Hbl 6y.nyT HMeTb 0CH0BHble paCl1aJlbl THl1a ( 3 ) ' ( 4) H 

L 
+ ±. 0 

➔ 11 + 11' + y 

Hel!TpanbHbie Me30Hbl 6y.nyT pacna.naTbClI 110 KaHanaM (5;-7) H 

0 
L 

+ 
➔ 11 +:11 + y 

0 O O 
L ➔ 11+11+y, 

Lo ➔ 110 + y + y 

lhax, n B aToM naTepaane Mace L -Me30Hbl pac11a.naIOTClI C yqaCTHeM 
P@ -+: 

( aa HCKIIIO'teHneM J =· 1 ) . 

4) m 11 < m L < 4m 11 

(IO) 

( 11) 

(12) 

( 13) 

y -KBaHT0B 

B Ta6nnuax 1 H 2 npnse.neHbl B03M0lKHbie paCl1aJlbl 

MeHbme qeM 4m
11 

• 

L -MeaoHos, ecnu nx Macca 

KaaHTOBble 
+: 

qncna L-P§ +· 
Me30H0BJ ,,..;,.o 

o++ 
o+
o-+ 

0-

- + 

i-

i++ 
i+ 

I , 

11@ 

p 

p 

paape

meH 

§ 

p 

p 

xi 3Ha'tKH 

Ta6nnua 

Pac11a.nb1 aap,ilKeHHbIX L -Meaoaos c = Ix/ 

CxeMbI p a c n a n a 

+·· 
,r-!11 0 ,rO 

+: +: -11-,rr rr 

.p 

p 

§ 

paape

meH 

§ 

paape

meH 

§ 

paape

meH __ 

+ 
.,,- y 

J 

J 

J 

J 

pa3pe

meH 

+: 0 
11-rr y 
11!:~+;,.-·y 

+· 
11~,r_o,,~ 

paapemea 

+ 
11 -yy 

paapemea 

• J p § o6o3HS'll8lOT 3llKOill..>1 coxpaaeHHSI, no KOTOpbIM 

.naHHhiil pac11an aanpemeu, 
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"' 
Ta6n11ua 2 

PacITB/lbl aeliTpanhHblX L -M83OHOB C 

KaaHT~;-,:1~ · ·---
qJ,ICJla CxeMbI p a c n a ll a 

L -Me30HOB: ----------+: -, 
P!:1 + - 110 110 

+: _, 0 
110110110 

1T 1T y rf' ,,oy ,,oy J ' C 1T 1T 1T 1T 1T f1+:1T-:1Toa, yy 

o++<-> C C p p pa3pe- pa3pe- J pa3pemea 

mea llleH 

o+ -(+) § § p p , C J - -
0- +(-) p p § C pa3pemea pa3pe- J 

mea 
0--(+) p p pa3pe- pa3pe-

mea mea - , - C J 

1-+ ( - ) pa3pe-
§ meH J C - , - pa3pe- pa3pe- J 

mea meH 

1--(+) C J pa3pe- pa3pe- - ,, - C C J 
meH WeH 

1++(-) p J § C - ,, - pa3pe- pa3pe- J 
mea meH 

1+- (+) p J pa3pe- pa3pe- - ,, - C C J 
wea wea 

KaK . BH/lHO H3 STIIX Ta6nHU, TOnbKO /ln'l'I '!eTb!pex KOM6HHaUHli 
P§ 

J (0--. 1-+, 1-- t"-) 

H3 BOCbMH pa3pemeHbl pacITa/lbl ITO CllnbHOMY B3al!MOllelicTBIIIO, OCTanbHbie 

6yayT pacITa/lBTbCl'I ITO sneKTpOMarHHTHOMY B3al!MOllelicTBIIIO C Y'IBCTl!eM 

L -Me30HbI 

y -KBaHTOB. 

HaKoaeu, B o6nacTH m
11 

<mL <Sm,, OCTaeTCl'I TOnbKO 0/lHa B03MOlKHOCTb 

II 

. P§ +-
( 1 = 0 ) , KOr/la L -Me30Hbl 6ylly":' paCITBJ:taTbCl'I no sneKTpOMarHHTHOMY Kaaany. 

5) TaKHM o6pa30M, aHanH3 B03MOlKHbIX paCITallOB 

J $. 1 llOK83bIBaeT, 'tJTO B HHTepaane Mace OT 

L -Me30HOB c 

m
11 

( 140 Mas) ao 4m
11 

1 , S = 0 

(560 Mss) 

9TH pacITB/lbl 6yllyT ITpOHCXO/lHTb B OCHOBHOM 38 C'leT sneKTpoMarHIITHbIX B3aHMOlleliCTBHli C 

yqac?ir 

I=· 0 • 

y -KBaHTOB • AaanorH'!HBl'I CHTyaUHl'I HMeeT MeCTO II /lnl'I L -Mesoaos c 

8 CBl'l3H C 9TIIM ITpellCTaBnl'leT IIHTepec SKCITep11MeHTBnhHblli ITOllCK HOBblX Me30HOB nH-

60 ITyTeM ITpl'IMOro llX Ha6nroaeHlll'I ITO ITPOllYKTaM pacnaaa, n1160 ITO CITeKTpy HellOCTBIOUIHX 

Mace, nH6o no Ha6nroaemIIO IIX B3aHMOlleliCTBHl'I C HYKilOHaMII, Bonee ITpeanO'!TIITenbHblM l'IB-

nl'leTCl'I nepBbii\ CIToco6, KOTOpblH CBl'l38H C perHCTpauHeli y -KBBHT0B. OTMeTHM, qTo no-

lICKH 

saeprH11 

L -Me30HOB B ,r-,N B3BHMOllelicTB11l'IX cneayeT npoBO/lllTb np11 KHHeTH'!eCKOli 

~ -MP,30HOB B HHTepaane OT 400 llO 1000 MsB, T,e. ueaaneKo OT nopora 11x 

o6pa30BBHHlJ, 

6 

Ilmt cpaBH8HHSI MOlKHO ITpHBeCTH llBHHbie, OTHOCl'IUIHeCl'I K lj -Me30HY, polKJleHHOMY 

B. rr-,N !.I 'l = 548 Msa, ITOpor polKJleH11S1 coynapemISJX T 
1T 

550 MsB), 

Iln" T,, --600-900 MsB ceqeaHe o6pasosaHHl'I 'l Me30Ha B peaKUIIII 

" +: P -+ 'l + n (14) 

COCT8Blll'l8T Benl!'IHHY 2--3 M6. TTpn saeprnH T" 4 rss BO scex KaHanax rr -p peaK-

uni\ u·'l 'S.., 0,2 M6, noao6Hal'I CIITYBlllll'I MolKeT IIMeTb MeCTO II llnl'I L -M03OHOB. 

§ 3, Me30Hbl C - 1/2 II s = + 

B 3TOM pasaene Mb! paCCMOTpllM L -Me30HbI, o6nanaromne CTPSHHOCTbIO + 1, 

1) mL < _mK 

Ecnn Maces L -Me30H8 6bma 6bi MeHbllle MaCCbl l{ -Me30Ha, TO 6b!CTpb1e pacna-

llbl: + +: 
0 0 

K -+ L +:y +:y , 

+· 
Ko .. 

+· 
Lo +: y 

( 15) 

03Ha'!ann 6bI, '!TO BpeMl'I lKl!3HII K -Me30Ha llOnJKHO 6b!Tb 3H8'!HTenbHO MeHbWe, '!eM no-

ny'leHHOe Ha onbITe ( 
-8 -10 ) = 10 .;. 10 ceK • KpoMe Toro, L -Me30HbI pacnaaa-

IlllCb 6bi no cna6oMy B3BIIMOlleli CTBHIO II llBBHO ~-binll 6bi HBlilleHbl npn H3y'!eHIIII 

30HOB, 8 CBS! 311 C 3T11M HeT OCHOBBHllli C'IHTBTh, '!TO B03MOlKHO cymecTBOBaHne 

30HOB C mL < m K 

2, mK < m L <mK +:m,, 

B 3TOM cny'lae L -Me30Hbl pacna)laIOTCSI no KaHanaM: 

3) mK <m~ < mK +: 2m,, 

+ t' 
L0

-+ K 

+: +: 

+: y (J L = 1) • 

Lo-+ l{ 0 +: y + y (J L = 0,1) •: 

K -Me

L -Me-

( 16) 

( 17) 

8 3TOM IIHTepsane Mace B03MOlKHbl pacna/lbl L -Me30HOB ITO CllllbHOMY B3aHMO/lei\-
P - + x/ 

CTBIIIO MB J a O II I : 

L -+ K +: rr • : (18) 

xi 3aecb npennonaraeTCl'I, '!TO OTHOCHTenbHBII '!eTHOCTb ( L K,) -Me30HOB no-

nOlKHTenbHB, B cnyqae OTpHilaTenhHOi\ ( LK ) -'leTHOCTII 6yllyT paspelllef!bl pacnallbl no Ka-

Hany ( 18) TOnbKO llnll J p = o+ II 1 - ' B OCTanbHOM Cl!Tyau1rn OCTaeTCl'I npeJKHeli. 
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nm1 J p 

y'ISCTHeM 

O+ H 1- pacnanbI L -Me30HOB oynyT HMeTb 3JieKTpOMSI'HHTHbtli XapaK'!'ep C 

}' -KBaHTOB: ( 16) 1 ( 17) H 

L+K+1r+y. ( 19) 

EcnH L - Me30Hbl HMeIOT mL >:mK +:2m,, ' TO /WlI acex Ha6opoa KBSHTOBblX 'IHC9JI 

pa3pellleHbl pacnanbI no CHJihHOMY B3SHMoneliCTBHIO Ha· K,r mm K,r,r. 

TaKHM o6pa3oM, HOBbIe 9TpaHHbIe 

500-780 Maa. 

L -Me30Hbl cnenyeT HCKaTb B HHTepaane Mace 

3KcnepHM9HTaJihHOe H3Y'IeHHe CIT9KTpa ::,<j,<peKTHBHblX Mace K -Me30HOB H 

TOB B HSCTOSimee BpeMSI eme coaceM He npoBOJ1HJIOCb, 

nHTepaTypa 

}' -KBaH-

1, B,r. fpHrnnu, r.1-1. Konhmoa, ITpenpHHT 01-!fll-!,,.- P-1750, ny6aa, 1964; Nuovo Cimento 
(a ne'IaTH), 

2, D,H,Coward, B,Gittelman, H,L,Lynch and D,M,Ritson, Phys, Rev,, 131, 1782 

PyKOITHCb nocTynnna B H3/1aTeJibCKHli OTJ19JI 
16 lIHBaplI 1965 r. 

( 1963). 




