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nony'leHO orpaHR'IeHHe, KOTOpoe HBKn8llblBBIOT cymeCTBYIOWHe llBHHbJe 
o pacn8lle K"L ~ 21' aa Macey c ("Charm") xaapxa aexropaoil MOilenH 

fenn-MaHHa, ~pBT'IB H MHHKOBCKOro: m c 2 4 f3Bo 

Pa6ora BblnonHeHa a Jla6oparopBH reopeTH'IecKOA cpaaaxH OHHV.. 

Coo&lleH•e 06'beJliiHeHHoro UCTJITYTa Jl,llepHhlx MccJieAOBaHJdl 

~y6Ha 1976 

Petcov S.T. P2 - 10211 

The Kt~21' Decay and the Vectorlike Models 
of Weak and Electromagnetic Interactions 

The K[~21' decay rate is evaluated within the frame
work of the Gell-Mann, Fritzsch, Minkowski vectorlike 
model and a restriction on the C ("charm") quark mass is 
derived: m <4 GeV. 
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1. B uacTO.III.Qee apeM.Il TPY.IJ.HO o6'b.IICHHTh B paMKax 

CTaH,IJ,apTHOH MO,IJ,enu C 'ieThiphMJI TpeXUBeTHhiMH KBapKaMH 

H qeThlphMJI H3BeCTHhiMH nenTOHaMH /l, 2/ /MO,IJ,enb rl1M/ 
3KcnepuMeHTanbHO ua6mo,IJ,aeMbiH poeT aenH'iHHbi R = 

( + -
a e e .... ~pOHbi) 

-a (e +e-.... 11 +;-=;-- co JHa'ieHHJI R 3Kci1 ?•5 .IJ.O Juaqe-

HHJI R:3Kcn: 5,5 npu yaen~qeuuu 3Hepruu uaqanbHbiX 'iaCTHU 

c 3 .IJ.O 5 F3B /a c.u.u./ I 1. KaK uJaecTHO, a yKaJaHHOH o6-

nacTH 3HeprHH /B npe,IJ,nOhO*eHHH Cyi.QeCTBOBaHHJI CK3H

nHHra/ 

2 
R = ~Q i' 

1 

r,IJ,e Q i - JapJI.IJ. i -Toro BH.IJ.a KBapKoB, PO*,IJ,aeMbiX npu 

e+e -:.auuurunJIUHH. TaKHM o6pa3oM, npe,IJ,cKaJbiBaeMoe Mo

,IJ,enbJO rHM MaKCHManbHOe 3Ha'ieHHe H paauo acero nuwb 

10/3. lionbwoe Juaqeuue H3Kcn. MO*HO o6'bJICHHTb, npe,IJ,

nono*HB cyi.Qe CTBOBaHHe ,!J,OllOnHHTen;HbiX T Jl*enhiX 4JepMHO

HOB /nenTOHOB H /HnH/ KBapKOB/ /
4 

. 3TO 06CTOJITenbCTBO 

CTHMynupoaano noJianeuue Kanu6poBO'iHhiX Teopuii cna6oro 

H JneKTpOMarHHTHOrO B3aHMO,IJ,eHCTBHH, B KOTOpbiX Konuqe

CTBO KBapKOB H nenTOHOB npeBbiWaeT KOnH'ieCTBO KBapKOB 

H nenTOHOB MO,IJ,enH rl1M, H, B 'iaCTHOCTH, - C03,IJ,aHHe BeK

TOpHbiX /aeKTopuono,IJ,o6HbiX/ Teopuii / 5•6 I. TaKue Teopuu 

o6na,IJ,aJOT pJI,ll,OM HHTepeCHbiX CBOHCTB, KOTOpble WHpOKO 

o6CY*.IJ.anHCb B nHTepaType /S-?/ : HanH'iHe npaBOBHHTOBhiX 

JapJI*eHHbiX H HeHTpanbHbiX TOKOB B raMHn~HHaHe cna-

6oro B3aHMO,IJ,eHCTBHJI, BeKTOpHOCTh cna6biX HeHTpanhHbiX 
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TOKOB 3apJDKeHHhiX qacTHU, 3$$eKTHBHaH BeKTOpHOCTb cna-
6biX TOKOB npu 3HeprHHX, npH KOTOpbiX MaCCaMH $epMHO
HOB TeopHH MO)I(HO npeHe6peqb, H ,np. B paMKax BeKTOpHbiX 
TeOpHH 3lleKTpOHHOe H MIOOHHOe HeHTpHHO ecTeCTBeHHbiM 
o6pa30M nonyqaJOT MaCChi 3a cqeT cna6biX B3aHMO,IJ,eHCTBHH. 

Oco6oe MecTo cpe.nu aeKTopHhiX cxeM 3aHHMaeT Mo
.nenb renn- MaHHa, <l>puTqa H MHHKOBCKOro /Mo,nenb r<I>M/6( 

KOTOpag CO,Il,ep)I(HT WeCTb KBapKOB H CeMb lleiTTOHOB, 06'be
,Il,HHeHHhiX B Clle,IJ,yiOIJ..J;He neBOBHHTOBhle H npaBOBHHTOBbie 
SU(2) ,ny6neTbi: 

C" :"tC. :.) L' 

Eo t 

E b 

:.) 
/1/ 

R' C- N°) (u 
J1 R' b 

Eo t 

d" e 

r.ne u, d, s- nons KaapKoa renn-MaHHa-U,aeilra, c("Charm"), 
t(''top'\ b('1Jottom") - ITOllH TH)I(ellbiX KBapKOB C 3ap.II,IJ,aMH 
2/3, 2/3 u -1/3 COOTBeTCTBeHHo, E-, E 0

- non.11 TH)I(ellbiX 
,nupaKOBCKHX nenTOHOB, N° - none TH)I(enoro MailopaHoa
CKoro nenToHa, 

d'=dcose +s·sinO , 
c c d, = d cos e + s sin e ' 

s, = - d sin e + s cos e ' 
c c s" = -dsinO+ scose, 

e c - yron Ka6u66o H e - napaMeTp CMeWHBaHHH npaao
BHHTOBbiX S H d KBapKOB. lfMeHHO MailopaHOBCKHH nenTOH 
N° H CBH3aHHhle c HHM 3cPcPeKTbi /HanpHMep, npou;eccbi c 
HeCOXpaHeHHeM MIOOHHOrO 3apg,na/ Bhl,IJ,ellHIOT MO,IJ,ellb r<I>M 
cpe,nH OCTallbHhiX BeKTOpHbiX TeOpHH. B CBH3H C 3THM 
npe,ncTaanseT HHTepec aorrpoc o 3HaqeHHH Macchi nenToHa 

4 

p 

N°, HBll.IIIOIJ..J;HHCH cocTaBHOH qacTbiO 6onee o6mero aorrpoca 
0 3HaqeHH.HX Mace TH)I(ellhiX $epMHOHOB MO,IJ,ellH r<I>M. 

U,enb HacTosmeil pa6oTbi - nonyqeHHe Tex orpaHuqe
HHH Ha yKa3aHHhle Macchi, "KOTopbie cne,nyroT H3 cymecTay-

romux ,naHHbiX o pacna.ne K 0L ... 2Jl. 

I I. BblqHCllHM WHPHHY pacrra.na K 0L .... 2Jl B cxeMe r<I>M. 
llpeHe6peraH 3$$eKTaMH HapyweHHH CP-HHBapuaHTHo

CTH, 6y,neM npe,nrronaraTb, qTO MHHMaH qaCTb aMITllHTY,IJ,hl 
pacna.na K0L ... 2 J1 Im M (K~-+ 2 J1) orrpe,nenHeTCH aMrrnuTy,noil rrpo-
u;ecca K'L .... 2y/B~T.e. qTo' a ycnoaue yHHTapHOCTH .nns aM
rrnHTY,IJ,bi MKt .... 2Jl) ocHOBHOH BKna.n ,naeT 2y rrpoMe)l(y
TOqHOe COCTO.IIHHe. B 3TOM cnyqae 

2 -5 ( ) 
IImM<K\-+ 2J1)1 = 1,2·10 r K

0
L ... 2y ' /2/ 

r ,IJ,e r <Kt .... 2y) - WHpHHa pacrra.na Kt .... 2 y. 
Hail,neM _ ReM<Kt .... 2J1) • C 3TOH u;enbro paccMoTpHM 

npou;ecc S + d-> Jl+ i1 6e3 yqeTa CHllbHhiX B3aHMO,IJ,eHCTBHH 
/npH6llH)I(eHHe CB060,IJ,HhiX KBapKOB/. B HH3WeM ITOpH,nKe 
TeOpHH B03MyiJ..J;eHH.II eMy COOTBeTCTBYIOT ,nuarpaMMhl 
puc. 1- 5. /Ha puc. 3- 5 H3 o6pa)l(eHbi He ace ,nuarpaMMbi 
COOTBeTCTBYIOIJ..J;ero BH,na/. 

BbiqucneHHe Re M(K OL .... 2 J1) B cxeMe r<I>M BO MHO rOM 
CXO)I(e C 06Cy)I(,IJ,aBWHMCH B pa6oTaX jg, lO/ BblqHCneHHeM 
He M(K~J .... 2J1) B cxeMe rWM. llo3TOMY Mhl He 6y,neM 
OCTaHaBnHBaTbCH ITO,Il,p06HO Ha COOTBeTCTBYIOIJ..J;HX pacqeTaX. 
0TMeTHM nuwb cne,nyromue oco6eHHOCTH. )l;uarpaMMbi c aup
TyanbHhiM Z- 60 3 OHOM H BHpTyallbHbiM y- KBaHTOM He ,IJ,aiOT 
BKna.na a aMrrnuTy,ny M<K'L .... 2 J1) H3- 3a aeKTOpHoro xapaK
Tepa< Zpjl) u (yJljl) aepWHH. BKna.n ,nuarpaMM puc. 1 a 

Ht>\1 0\'i .-· 2J1) paaHHeTCH: 

T = i 3G ~ 
1 - --m f 

4y'2rr 2 J1 '-K JlYsJl' 
/3/ 

+ + 
r.ne f k - nocTOHHHaH pacna.na K -> J1 v J1 u M w - Macca 
3apg)l(eHHOro BeKTOpHoro 6o3oHa MO,IJ,enu r<I>M' M ., 

w-
. 37,5 T3B, 

5 



s w :P- s w 'P-

----- • 

uL.cL lJt,L., N; tR,CR 
~PL,N; 

-- --w w p• 

a 8 
Puc. 1 

51. SR w ---
c Y_pJ. ,N; 

p+ w 
p"' 

Puc. 2 

'.P-s 
l 

w 

Puc. 3 

6 

J 
J 

~l 

s 
w 

s 

I 
w t 

t:F 

c~. 

c,. 

·~r 

p+ 

Puc. 4 

r 
c 

r p+ 

Puc. 5 

Puc. 1-5. AuazpaMMbl HU31Uezo nopJIOKa 0/IJI npot~ecca 
s+d->fl+i. 

M2 rr.2 M2 
! 2(1 w 1) 4 c ( 2 2 2 l w K= n1 n--- +- --- m -m +m n---

c m 2 3 m2 _ m 2 N c c m 2 
c c N c 

M2 M2 M2 
-m2 ln--~)lsin0 cosO +!m2tn-~-m2ln--w + 

N m2 c c c m 2 t m 2 
N c t 

M 2 m 4 m2 m4 m2 
lr 2 2 w t t c c] 

+----t(m -m Hln---U+---ln--- ln-- lx 
3 c t m2 m2-m2 m2 m2-m2 m2 

N t N N c N N 

x sinO cos e. 
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Bhlpa)KeHHe .D;nH T1 rronyqeHo B rrpu6nH)KeHHH m d' m 
5

, m u << 
<< m t , m , m N <<M ,BbiiiOnHeHHbie pacqeTbl IIOKa3biBaJOT, 

c w 
'ITO BKna.D; .D;HarpaMM puc. 2 IIpH6nH3HTenbHO Ha IIOpH.D;OK 

MeHLIIIe BKna.D;a .D;HarpaMM puc .1. ,[(uarpaMMLI .D;Byx<iJoToH

HOrO 06MeHa THIIa puc. 5 B03HHKaJOT H IIpH Bbi'IHCneHHH 

aMrrnHTY.D;bl rrpou;ecca K0 --> 2J.L B MO.D;enH r»M H 6binH pac

CMOTpeHbl B pafioTe /1 t/, .6onee IIO.D;pOfiHbiH aHanH3 IIOKa-

3biBaeT, 'ITO HX BKna.D; B Re ~1(KL--> 2J.L) TO)Ke Ha IIOpH.D;OK 

MeHLIIIe BKna.D;a .D;HarpaMM puc. 1. Cne.D;oBaTenLHO, 

Re M<K0 --> 2J.L) "" T . 
L 1 

151 

11crronL3YH COOTHOIIIeHHH 121, 131 H 151, rronyqaeM: 

-5 9 
f'(K 0L--> 211) = 1,2·10 f'(K 0L-> 2y) + 

32 

2 2 + + ) 
G FK -- I' (K --> 11 v 11 , --2 

iT 
4sin e c 

+ + + + 
r.D;e i(K .... J1 u 11) - IIIHPHHa pacrra.D;a K --> J1 v J1' ,

121 
TaKHM o6pa30M, 3KcrrepuMeHTanLHLie .D;aHHble 1 ' 

f'(K~--> 2J1)/1 L = (10 :!:3)·10-9 

-4 
f'(Kt--> 2y)/f L = (4,9±0,5) ·10 , 161 

+ + 
f'(K ... J1 v J!f L = 2,66, 

I r L - rronHaH IIIHPHHa K0
L Me30Hal 

IIPHBO.D;HT K Cne.D;yJOII.\eMy OrpaHH'IeHHJO: 

K 1/2 
---) < 7,2 T3B. 171 sin28 c 

06cy.D;HM BLITeKaJOlllHe H3 ycnoBHH 17 I cne.D;CTBHH. Be-

nH'IHHa K 3aBHCHT OT IIHTH IIapaMeTpOB: m , m , m N , 

M e u c t 
w H • 3aBHCHMOCTb K OT MaCChi MaHopaHOBCKOrO nerr-

ToHa mN TaKoaa, 'ITO H3 ycnoBHH 17 I HenL3H rrony'IHTL 
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1 
I 
~ 
I 

orpaHH'IeHHe Ha 3Ty Macey. B .D;anLHeiiiiieM Mhl 6y.D;eM rrpe.D;

rronara Tb, 'ITO m N<<M w· ,[(anee ,KaK rroKa3aHo B pa6oTax 161, 
<iJH3H'IeCKH IIpe.D;IIO'ITHTenLHbiM HBnHeTCH BblfiOp 3Ha'leHHH 

rrapaMeTpa (J, 6nH3KOro K HynJO e., 0. B 3TOM cnyqae Bblpa

)KeHHe .D;nH K yrrpoll\aeTcH H rrpHHHMaeT BH.D;: 

M2 
K=om2 !ln-~ -1 + 

c m2 

+..1_ 
3 

c 

1 

m2-m2 
c N 

M2 M 2 
2 w 2 w 4l. (m ln--- m ln--)-- sme cos(J • 
c N 3 c c 

m 2 m2 
c N 

181 

llo.D;cTaBnHH rrpaayro qacTL 181 B ycnoaue 171, rronyqaeM 

orpaHH'IeHHe Ha Macey c- KBapKa: 

m < 4 T3B . 
c - 191 

BKna.D; CHnbHbiX B3aHMO.D;eHCTBHH B aMIInHTY.D;Y 

Re M<Kt--> 2J1) MO)KHO ou;eHHTb B acHMIITOTH'IeCKH cao-

6o.D;HOH TeOpHH - KBaHTOBOH XpOMO.D;HHaMHKH, aHanorH'IHO 

TOMY, KaK 3TO 6binO C.D;ena'O IIpH paCCMOTpeHHH pacrra.D;a 

K0
L .... 2tL B MO.D;enH rHM 13

/.Pe3ynLTaT CBO.D;HTCH K cne

.D;YJOllleH 3aMeHe B Bblpa)KeHHH 181 .D;nH K : 

r.D;e 

M2 
m 2ln-~ 

c m 2 
c 

2 
2 M w 2 2 

... m ln--2 F (m , M ) , 
c m c c w 

F (m2,M2) =( g 
2

<m ~) M2 
ln-~) -I 

m 2 c w 16172 c 

~(m ~) M ~ -I/7 
x 11-<1+ 7 ln-) l 

1617 2 m ~ 

X 
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H g(m ~) - 3$4JeKTHBHaX KOHCTaHTa CHflhHLIX B3aHMO,D,eH
CTBHH. <l>yHKU.HX F (m ~. M 2w) cna6o MeuxeTcx, u ee 3Ha'le
HHX 6nH3KH K e,D,HHHU.e npH H3MeHeHHH me H M w B HHTepaanax 

1 5 r38 < m < 4 F:JB , 40 r 38 < M < 100 F:JB 
' - C - - VII' -

HanpuMep, npu m c ""3 F:JB 1 M "' 40 F:JB u cTau.napT-

g 2<m 2' = 9r 38 YJ) c 1 . 
HOM npe.nnono:>KeHHH _______ , -

4
, .F "'0,9. TaKHM o6pa-

4rr 

30M, y'leT CHflhHhlX B3aHMO,D,eHCTBHH He Be,D,eT K cy~eCT
BeHHOMY H3MeHeHHIO OU.eHKH /9/. 

AaTop rny6oKo 6naro.napeu C.M.6uneHLKOMY 3a ue
npephlBHhlH HHTepec K pa6oTe B npou.ecce ee BLmonueuux. 
AaTop 6naro.napeu TaK:>Ke )l..CTaMeuoay, M.6.Bonowuuy 
u II.Mopo3oay 3a MHoroqucneHHLie none3HLie o6cy:>K.neuux. 
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