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I. Int'roduction 

The physlcs tlf kaons· is ext:;-emely rich in inte~esting physical 
phenomena. Among them the non1eptonic decays of kaons are of 
particular interest. Investigation of thes,e pr oce s s es is needed for 
a deeper insight into the structure of weak interactions and re1ation 
of strong an~ weak 

8 1:112 rule has 
many works devoted 
changingisospin I 

quark interactions. More~ver, the empirical 
no f~ll theore~ical explanation, though there are 

to this proble~ ~l( • This rule imp~ies that 
by )/2 transitions are substant~al1y suppressed 

in eompar s'on with thpse with A1=1/2. There are two alternativesã 

in modern phyaã c s of weak interactions for exp'Lanat ã on of 'the LlI;:li 2 

rule • 
. ~. Being a produotion of qua'rk currents, terms are introduced in 

the Lagrangian so that nonleptonic decays w1th ~ 1=· )/2 become 
suppress~d, for example 121 • This approach is purely phenomenolo
gical and ~hus, cannot give useful. i~formation a~out weak a~4 

strong quark interacti-ons. 
2. Weak interactions of quarks are described by.standard Vieinberg

SaIam mode~ with QCD corrections. Consideration of strong qu~rk 

interactions at smaIl, distances enh~nces amplitudes ~ith Ô1= 1(.2, 
• • '.1 

but only this enhanoement is insufficient for the explanation of the 
Al=1/2 rule. Anl additional dynamica1 mechanism is searç~ed for 

enhancement of !J. i:. 1/2 t;ansitiPns. Tb.is mechanã sm is as so caated 
.w1t~ evaluation ot: matrix eiements o~ hadron-quark transitions at 
long distances ~at the confine~ent distances). 

We. shall.follow the second way. A weak quark-quark interaction 
Ls to be treate!i in more de;t:ail. ,Effective Ham:p toni~ of this 
interaction, Ls. obtained in Weinberg-Salam model w1th a gl.ance to 
.gluoni'c .. QCD correct;ions conne-eted wi th a strong quark interac,tion . . . .., " 1]1 
at smaLL .dis,tances. TheHamlltoniap. Ls usua.ILy wrltten in the form 

1J" 6G
He ll = \rff 1in \1, CO! 9, & Oi .Ci 

Here Ü are the four~q~ark local oper~tors,L 
forro t s given by (4.1). Nuni'eX:i-oal coefficients C~ 

Itr~tl1hd~UHlIn Kliel&t!'ry'r I 
' • '. ' "_.~ _.~ "'1.1'\~n~J#EiI:'J.\ ac: ,·,·,A:)·u ~>1 oi .• 

6,~r.,Jlt·t '1 \ " 
-_.~~""'""-- ...... ~ 

,(l.I) 

their explicit 
are dé'fined 'by 



--------------------------------------------------------------
quarks behavi0ur at small djstances anó are oalculated in QCD. 
T.ne1r explicit form i~ given in (~.l) from where on can see- tliat 
the c~eff1cients Ct depend frn the norma11zation po1nt jUJ 
chromoàynam1c running constant ~s anà masses of heavy quarks. 
Thus, they are not determined uniquelly. 

Some- sets 01' C1 - CG. proposed 1n literature are given in table 1. 

The coeffl.o±ents c. ~ can be selected by fix1ng Jl and ol s 

values from common cons1derat1ons, as 1t has been done, for example, 
/1 4/ ~ O1n ,. • Tne ooefftcient C't corresponding t o ~ -operator 

with AI ='Y/2 has to be noted J-5 times snraller than,. (.I.' 1.e. 
strong 1nteraction effeots enhance Hamll t oni an part w1th AI= 1/2' s
 

but th1s enhanoement 15 insuf1'1c1ent to expla1n !J. I '= 1/2 ru1e.
 
I /Set 01' coefflcients 5 has ueen ch05en by f1jt1ng oorroot1onal 

coefficient é . The coeffic1ents uBed in 6/ have been obta1ned 
by artif1cial suppr-e s s í on 01' C~ , CJ ) C~ and a.rtifioial onhanonment 

OI ( 5 ) C, • We shall al s o start from Ham1ltonian Ü.l) wher13 Ci. 

are defined by ~B.l) while the )A and oI.!; parcmo t cz-e w111 be 
selected by experimental fito 

The main probl em is evaluationof matrix elomonto of O.~ -opera
tors for which 1t 18 necessary to know the meohan1sm of hlldron1za
t10n and conf1nement. As these mechan1sm 16 urutnown, tko oalcula
tio~ of màtr~x elements needs fr1fferent models to bo uo,d. Nonlepto
nic kaott decaY5 were studied in differont quark modola 7,8,9/. in 

/6 10- l~/d1&perSion approaches " • It 18 im~o8aib1o to oaloulate 
matr1x e l ement 8 of the two particle deoay K- XX dirootl.1 in mo st 

of the approaches; so, one lias to resort to ourront ~lRo7ra.'methods. 

Vacuum insertion method was used in some apprOQOh08 ',6 fox the 
cak cukat í.en ai matrix elements of four-quark operato:l:'s. '.!'h16 methcd , 
h~wever, was crit1c1zed in /12,1)/ the 1ast years. 

~uark behaviotir at long distanoes (or in tho oonf1nornent region} 
causes the values oi mat r í.x elernents of the 01- 0, operators ente
r1ng into the effectiveHamilton1an (1.1). On1y tho 0,. operator 

. /)/ .. 
:f:com- the set p rop.o s ed in 16 r8spon81bl e fol" ~l =3/2. trans1tions. 
The Os operator ~s the subject of a separata d1aoU3Dion. Tb1s 
cperat or contribut1ng to- the A1= fiZ amplitudes oonta1n "r1ght n quark 
currents aã ong wilh "left" one s unl1ke 0:1. -04 cons1sting of "~eft" 
cUr~ents only. T-he role of thls operator in the exp1anation of the 
Al =1/2 ru1e i6 a point of much controversy. There 16 an affirma

t10n /J,6~7( about the dec1sive pole 01' o~ 06 operators in the 
, . ) O 

~ancem~nt oi the corresponding amplitudes. n tho other hand, 1t 
"na-s been- shown in /10,-141 D OI; enhancement 13 1nsuff1c1ent 10s 
ensure ~ 1= 1/2 r ul,e , I 

, I1

'I 
2

I 
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Table 1 

(1 (z. C~ Clt (5 

aeM .f'\ = 0.20 GeV - 2.J6 0.092 0.085 0.42 _0.059 

~=1.1 

[i) <Às:: 1 

Mi,::' 40 GeV 

-2.J8 0.10 0-.084 0.42 -0.047 

[4] etJVVllf):: 0.1 
IA =J GeV 

-J.04 °.)2 0.22 1. 0<l -0.13 

{51 
cLs.:1 

A~O.l GeV -5.11 0.03 0.04 0".2 _0.17 

jhW\~ ç.=1.1 

lbJ 
'1' C?I,c,,+ ~lCl)C) ,Clt) 

c$",c,.. 3 (c!> ,C,) 

-2.5-)8 0.0205 0.02 0.1 0.24 

elA}
 
elo}
 

:í.2 CZI 
(4) 

~.:l c(lI'to}

1, 
e 

ctl(A)0-.9 
C~or(O) 

0,8 

Qit 
o I I I I I • 

O.L 0.2. 0.3 0:4 0.5 Ã~fs-~"" 

Fi~.l. 
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Table 2 swnmarizes decay wí.dt hs K-- JlJr obtalned in 
different approache s , Enhancement of the A1 ~ li 2 ampli t ude s 
in quark loop model /1/ is associated with a great contr1bution 
of dlagram~ with an intermedlate ~ (11 0)-meson. The results 

/6 '7/obtained ln ' depend on a great number of parameters anu on 
a method of calculation. A sufflcient agreement with the experi


/9 10/

mental data in ' has been achieved by means of phenomeno
logioal oorrections to matrix elements. Agreement with experiment

/5/
in is a result of fitting a correotion parameter to the 
coefficients Li - C,) a new neutral ir>:teraotion 15 suggested in/1"'/;) 
for de50rlptlon of nonleptonic deoay amplitudes. The resu1t depenào 
on th~ choioe of the ooupling cons tant of this interaotion CA1JA .. 
= JO). 

It Ls to be s t res sed that tbe enha.noement of the dL.: 1/2 
transition amplitudes in /5,6,9,11,15/ ia aoh1oved by 1ntroduoing 

new additional phenomenological parameters. 80, in apito of good 
agreement of the resul ts obtained in theae approaohea , tho 1:l1 =1/2 
problem cannot be regarded as a solved one. 

The aim of this article is also studying of non1eptonio 
and eleotromagnetic K-meson decays. We shal1 atart from tho Hamil
tonian of weak interactions (1.1) wh11e the matrix olomento '1'1111 be 
evaluated in the framework of the Quark Confinement Modol (QCM) 
/16/ • Thls model i5 based on two ansatzes. The fir8t ano 1e that 
quark oomfin~ment 18 realized as a defin1te a.pproaoh of averaging 
the quark fields over gluonio vacuum. 1n e second ano in thnt quark 
hadronization is thought to be a transition to oolloot1vo var1ables 
ln th"e QCD Lagrangian. The qua rk masses and oonfinoment region s í.ae 
are the 'parameters of the modele 

QCM glves a suff1cient description of 10w-onerl3.Y hn.dro?Io phy-sics 
of nonstrange quarks, as lt was shown by oa1ou1atione COa0 17/). 
In this artiole we proceed wlth the study of phyeioB of atrange 
partioles-kapn5. 

The work i5 organlzed in the fo11owing wayl 
Section 2 15 devoted to the method of the oaloulat1on in QCM 

f~r processes wlth both strange and nonstrango qunrko. Paramoters 
-of a strange qua.rk are fixed from K-rv, K!.. K~)K~K!, ,lf.I<:K-, "f-e"e

. Kt ~odecays. Seotion ) deals with eleotromagnotio and ~ radii 

K"""1Ley deoay from faotors and z-at í,o r='Í 13.~ in K-.evrA 
õeoay. Caloulatlon of these Cluantltles ia a good ohooking of an~ 

quar~ modelo 
Nonleptonlo and eleotromagnetlo.K-meson deoaya are oxamined in 

sect10n 4. Matrix element5 of operator~ enterlng into the effeotive 

4

Quark Loop 
Model /7/ 5.94 2.98 1.""8 6.1 1.'15 

MIT-bag/ 9/ 
model 7.14 2.l2 1.21 

--------------------~-------.---------------------------------------

Harmonio 
osel11ator 6.21 2.68 1.14
model /9/ 
-------------------------------------------------------~-------------
Vacuum 
insertlon 

4.98 2.'11 0.21method 16/ 

Gurrent 
algeb~a wlth 5.11 2.54 1.12 
cont s t o /5/
phys.area 

l/H expan
'.)4 2.13 1.89 6.26slon /n./ 

--------------------------------~--~-----~----~---------~-~----~---
Model with
 
new neutral 5 58 2.18 2.19 _ _
 
}nteractlon •
 
_l~~ . __ 
Chira! 

Lagrangian 4.85 l.ó 
method /2/ 

QCM 4.93 1.98 1.19 6.61 0.31 

---------------------------~-----------------------------------------

Table ) 

~~f~~~~~~f~~~~f~~f;~~t::~:\ 
5 



Hamiltonian of weak interaction are oalculated. Matrix elemente of 

the Os" operator turn out to be enhanced but only this enhanoement 
is insuf~~yi~~t f~r"exEla~tion of the A1/147/2 rule • Our result 

agrees with the point of view expressed 
an intermediate fi, lGtOJ-meson, or the 
gives a considerable contribution ~othe 

The coeffioients Ci. are j and 

analyt1cal expression of this dependence 
by fi tting f ~d d.. s by experimental va'Lue s ,
 

K'±.Ji+7fO) K~ rr widths. It turns out that a good agree
ment with experiment needs d. s to be 1,0-1,1 while J4 s
ã 

permitted to vary between 0.1-0.4 Gev. The set of coefficients
• we have obtained is given in table I. One can see jhat our values
 

for the coefficient are close to those assumed in l/ •
 
c .,. + 11 G oTable 2 represents Ks..... ]I Ji- K .... li- Xo l" -+ Jfo Jfo K .... yy 

l) ') '" S ') L (I li JK; r( widt'hes. The o-btained resul ts are in go od agreement wi th t he 
experimental dat~ 

Táble J shows that consideration of alI operators includ1ng 
the diagrams with an intermediate ç - meson (the pole oontribution 
of Os) 15 important for solv í ng .6 I =1/2 probl em. 'l'he enhancement 
connected with the Oi.- 0-4 operators is caused by relation of 
C i - C't • A considerable contribution :rrom contact diagrams with 05 
and those with an tntermediate e - meson 1s explained by ,great 
values of the matrix elements of O~ 

2. Parameters of strange 9~arks in QCM and mai» kaonic decays 

Let us state the main principIes 01 QÇM II6~17/ for mesonic
 
1nteraotions. LagFangian of meson-q~rk interaations
 

~K<i~={: li M; (.ll) íM r,).~ Cf (X), (2.1) 

.here 

I for 6calar mesona 

[
J 

- i: ~S" for pseudoscalar mesons 

~r. for vector mesona 

lr l's.: for axia,l-vector mesons 
L 

~o. are the Geli-Mann- matrices, <à J are the- coupã í.ng cons t anta, 
Weak" and electromagnet:1o 111te-raotions are- descr1.bed b-y the 

standa--rd Lagrangian& 'jfllt1 and -;].1AF. 

6 

in • Interaot1on with 
Os pole contr í.but t on, 
K~-X+j[-amPlitude. 
c:l... dependent. Usings 

we have fixed the C seti 
of K:- ~+:n:-

\ " 

Interactions between hadrons are ãesoribed by the collision 

matrix: 

S:: )d~40 T Up t~ ~d)(l.1H~I-+ x.: <X.",.1}. (2.2) 

Time ordering in (2.2) 15 thought to be a conventional Vick 

T-production for mesonic and qUaIK fieIds with the following 
quarks field propagator: 

:) (~I X'II)V40) =~ (><'} ~ (ltI f - P- &V~S' Õ(>1-;>1'). (2.3) 

"!'i.. • 

Here »1f 1s quark t s mass, 5 v a c Ls. the vacuum gLuorrí.c fie-ld, 
d€)v~c i5 indefinite measure of integration over vacuum 

field. Quark fields must be put equal to zero after transition 
to normal ordering in (2.2). 

There are several assumptions concerning vacuum gIuonic 
flelds. S - matrlx beoome s a totallty af exclusive colourless 
quarks oycles with attached mesonic fields after transition to 
normal production of hadronic fields in (2.2) with quark fiêlds 

are put equal to zero! 
The first ansatz of the model is that alI these colourless 

cyeLes are averaged over measure d6""o.c independently. This 
assumption means tba.t quark loops at low energies may be oonnected 
by mesons only, while their connection through gluonic vaouum can 

be ignored. 
The seoand ansatz i5 that averaging of a quark loop over 

measure dÕvQ.c can be ohanged by one-dimension integral: 

~ d6'vo,c: SP-L S(xlJ)(zIBvo.()M(X2)S(.X2.)~~\l)va.{)M()(~)· .. : M(X h) 4 
(2'.4 ) 

~ }d6). Sp {S>.(x~-)(2.) t-\(~2) Sl)(2.-)(3) M(X~) 0,.:M(}(kl 1) 
where 

x _ e-i.P()(I-)l.2}_ \ (dP\4
S~ ( < X.)- J2.'J[) A:A + I'n, 

m atands for the mass of a quark with flavour f, while the paramef 
ter A char-ac t ar-Ls s a the size of confinement. 

Ansatz of confinement implles defln1tlon of the analyt1cal 
struotu:r;e of measure d5'VQC • Lét us define d6,,0.( by the equal1 t'y: 

7 



(2.5)~d()~ 1 = l5 G( rn~:) = 
AÂ+m~ -

A

p 
~ A 2 

_ i [ (P Yt\~) P b(P mS )1- A Q 1'ê 'A + A Alo ) A 
5 .s ~ ~ ~ ls 

or 
~ d{)x =: G(z) . 

}. -, :Z 

Funotion G(-2.) will be cal.Led. the confinement funotion. 0ne 
oan easily See that the analytical structure will be expressed by 
the oonfinement function G(lo) or o. and /) in (2.5). 

In the case of calculation of the loops of type (2.4) containfng 
quarks with different flavours we shaIl use A , corresponding to 
the heaviest qua~k in the Lo op , 'I'hua , parametres A tA and A $ are 
used for d~scription of physics of nonstrange and strange mesons. 

Let	 us assume G(2) to satisf3' the foll,owing oondi t í.ons s 

1. (;(2:) i,13 universal, i.e. it dependa on neither col'our 
nor flavour and is unique for alI quark loops determining any 
mesonio interaotion. 

2. G{~) i5 the anaIytical funotion in alI oomplex 2 - ,plane 
with singuIarity permitted only at the infiniUydistant point. 

This oondition seoures quark oonfinement and S-matrix 
unitarity ~n the spaoe of phy$ioal states. 

J. G(Z) deorea5es quioker than any polynomial in the 
Euolidean spaoe, i.e. 

· lim ~E2.)N I ex (20)) = O 
z 1:..-O'Q 

for any ~>O. This oondition provides oonvergenoy of any quark 
diagrame 

4. The explioit form of G(2) has not yet been found from 
any general investigations 1n QCD • Thus, the ohoice of the explioit 
form of the oonfinement funotion is also one of the model's assump
tions. Our estimations have shown, however, that mainlyintegraI 
oha~aoteristios of G(Z) are important for a suffioient desoription 
o~	 l.aw-energ,y mesonio prooesses. 

The funotiont 

G(i~) =: exp [ (~_Z)l]	 (2.6) 

8 

1171has been used in the present work and in • T.his functiona~ 

form is taken from the virton-quark modelo 
One has to hold alI the evaluations of the S - matrix 

·elements in the Euclidean metric, w1th analytical oontinUation of 
them with re~peot to invariantmomentum var1ahles. 

T-he S-matrix construoted under the rules mentioned above 
is a cQl11s1on matr1x ~f the theory with a nonlocal interaction 
(see 118/ ) • The S-matrix is finite unitart and maorocausal on 
the spaoe of phys10al mesonio süates 1n eve~y order of 1nteraotion 
lagrangian expans1on. 

~~ ooup~ing constants 3j 1n (2.1) are'determ1ne~ b~ 

the bind1ng cendition 1mply1ng (see for example 119/) th~ 
requirem~nt for the wav~ funct10ns of t1 J meson renormali~at1an 
constant t~ be equal to zero: 

~ ZM = {- ~~ n~ (»1;1 =0·	 (2.7) 
J 

where n(?'2.) 1s the mas s operator, m j 18 the mass of mesonM f 

l'he mass fi
f 

differes for u and s quar-k , l'hus, tn&-, A",-, A5 
_ quantities characterizing the size of confinement are the parame

tres of the modelo 

Let us 111ustrate our techn1que o~ oalculation by example of a 
we'ak kaon:1o deca,y: K" .t'1) • 'The d1agram determ1n1ng the amplitudes 
of th1s prooesa 15 represented 1n ~àble 4~ The correspond1ng structure 
1ntegral takes the form 

4 

<l~ >=<r ~ Sç' lO! 1)::
lC"'r.J' j i.{ZJrY' ~ t l~ A À+m -~ fi A~+tn _ (~+~, COl\j 

.( ~ S U !l S	 (2.8) 

=~ fdck ( ~ <	 \.
14 J j l{2.X)~" [(y.. J. 1-f~l{-J..))1. - A~(i-.;L) - K_ r~~(1-ol)12~o,,\ 

o 

Vie have passed to dímenaã.on'l eaa quarit1tes "'5, K ~ K/As 
1n the latteT express1on. After standard transformations us1ng formulae 
(2.4) and (2.5) one obta1nâ: 

2.	 'I 

<I~..~.,):= - ~s pr ~ de! )aU u.(u - p~(1-J} f (Fs-Ylt)j.{~-JJ). . 
(2.9)o o	 , 

Here }~:= rn;/As 

9 



Table 4 

----------------------------------------------------------------~--

<'Process Diagram Deca.,y ~xperiment QCM 
constant 

.r>:-: 5~ 3.A S-V>::ClO) 154.3+0.36 158.9
K-+J~ 
~ K Ji: '" MeV HeV 

'It+ KCI -+ o ,= 4~JfYÀ \ ~ClO) 4. 47:t0• 04 3.9K- J\ a~'tlC7t f v b=<[ 
i , 02+0.24 l.l

K~Kor ~ Q ::: 32~Q(o)--""L ~)('lt,,~ As GerI fierI 

o = ~ &1\ ~ .. 1\ "lI)) 4.44+0.12t/-KY =<I ÔlfKK ",V>"v L\l> 3.53 

0.076+0.002' 0.080 

1f - K" e+e.- --Í\.-/ L 2. f):'. Clo)\J- . "" ~ 3:J[ \IJ 
v 

We shall neglect squared maS5 in the case of 11ght mesons. T-he 
parameters A", and ""''lA were determined in /17/ 

A~ =730MeV) mll ::: Z2ü rfeV. (2.10), 

Investigation of kaonic physics needs strange quark's parameter Jl s 
to' be. fixed by fi ttine ovez. ma1n decays Qf strange mesons :' I<-.ttv, 

Table 4 represents diagrams, invariant amplitudes, expe~1mental 

data and theoretical values obtained in QCM fór main 
decays of kaons. Best agreementwith experiment (with an accuracy 
better than 2~) can be acbieved at 

M =440 MeV, A = 1052 MeV· (2.11)s s 
The follow1ng notation 

{ "" 
C~O) ("4 ~) y~)::: ~ de! ~ cLu 0.(U"" A2oL (~-al}) J'f,,~ -f ~s (i -ci.)) 

o t> (2.12) 
~ <>O 

C~) (J'f") }fs) = ~clç( ~ d.u t (lU 4- Á~ (-l-J} ) }fL<oL +fs (t-J) j 
e o 

.is used in the table. 
Here 

r~= Wlu./At!> y.~= W\s/A s 

jt(1A::: 0-. 2.i .fis =0.42. . 

The Cl°)(/"f",f$)/C~O) ()lu) and C~o)(j{"IP~)/ C~O){f~) dependence 
on Á=Jt -.f... Ls plott-ed in fig.2. It turns our that at â=O.25 

ClO)(jt",} ;05) differa from CloJ(j4 ..) less than by i os • 'l'here~ore,. 
we shall neglect strange and nonstrange quarks mass difference in 
further ca'l culat í.ona; Thus, parameter As charaoterising the 
oonfinement reg10n of a strange quark plays the key role in the 
description of kaonic physics. AlI one-loop diagr~s are expressed 
through the structure integrals 

(h} 4 r 1 k. 
CA (j4lA~::: nl J aU u a{uJ.fu)

.• o: (2.13) 
oD 

(h) 1 "P5c!» (j-(~):=" J,u U D('lI)}u) . 
n; o 

J. Weak and electromagnetio oharacteristics of kaons
 

Let us oonsider weak and electromagnetic kaon oharacteristics:
 
+ o l/K't-K<Jt ,- Kf<-Kr~ L.f~K1'K-t tf~e;-e-. r K-and K electromagnetic radii, ~e~ - decay form faotors, 

H} 
1 ) 
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I 

and the ratio of the axial vector form factor to the vector one in 
the structure dependent part of the amplitude of K~ e~r decay. 
These quantities are more fine characteristios of processes than 
decay's widths are; 50, the calculation of the former is a 
good checking of a quark modelo 

Electromagnetic radius of kaon 

Electromagnetic radii of K ± and KO mesons are determined 
by the diagram in table 5. An invariant matrix element has the 
form 

(3.1)
KMJ'(K-Kr) o e( p,+pJ F (1) \ t=CP,-P.)·; r:=r:_...; 

"here 

~lfKI'. t- (3.2)~ (1:\ ~ f:{i) + ~~KK '''}'-l: + MJ-i
J .P 14' 

with PA (o) =.1 for K± mesons 

FA{o)=O for Ko 
mesons. H 

It is to be noted that PA (t) pays the main contribution to P~(!\ 
in the case of K1_ K1:~ while a· contribution of FÁ O:) 
to tI( U:) in the case of K~ KOr is proportional to fhe non
strange and strange quark mass difference, and diagrams wi~h 

intermediate ve~to~ mesons play	 tbe main role, .the contribution 
of .f - meson diagram being negative. The constant s Slj'lC:1C. and 

8qlC.\C. are the consta.nts of P"'Kl()lf"'KKtransitions,i- )f ,are the 
constants of j>+rll{+ y transitions. Analytical exp/esslons for 
K±

) 
KO electromagnetic radii ar-e gi:ven1n Appendix A. . 
. The oota1ned numerical values for electromagnetlc rad1i of 

kaons are represented in table 5. 

o +K+ 
-- j[ e .J Decay ,e 

The amplitude of the proc~ss ccnsidered 15 determined by 
diagrams represented in table 5. The matrix element is 

Z. :L 

-, l; f ,.r \	 fi : M li: 

r,1_ 
(3.3)M(K-1tev)=-.~ ~ne< eM Tr(~ ~\ II ~ v2. I . ) 1 f t - ~'X 

where t.W"
J4 is the' weak leptonic ourrent, e ia the Cabibboc.
 

angle,
 

12, . 

Taõle 5 

------------------------------------------~------~----------~ . 
Ubservable 

~xper1ment QCMProcess Diagram val.ue 

--:-~- ~~--------~~~----------------------------

flli K-.Kl	 F.... o.26:!;0. 07 (20] O. Jl

J 
-o. 05!00 13 '[21]<r;)~o 
_O. 054!0.. 26 [22] --{).029Ko-(~k 

FM 
1 0.08! 0.05 [23] 

~(o) _O~' 35= 0.14 [241 -0.2"6

K~xoe+114
00026+°.008 0.022 

[241 

~ 

==<kcx .À+ 

J. t _fAlo) 0.05< í < 0.6 0.21 

+ +.'\ ~,\'" V- [25)A 

.K-e v.l' =<5<..z:5.LêK Q \ lo) 

,.. 1L JC 

K -K 
5L o-~ 

jí	 ~5L 

K~~ 1 \<===0 
9L~ 

c

J
) &) 

l( 

• 

FiS·2. 
I
 

l',
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T~ (r ) r~\ ~ F: (1) (P1 + P;.t + [ (t~ (P1-fL}r )i:: (P1-P7.)2. c>~·nt r 
One obtains .Â+ and f(o) = f-(o}/F't(o-) by using standard para
metrization for the K(3 decay forrn factors 

(J.5)F± (ü =F:c (o) lu:.À± ~: 1. 
Numerical values for ~;- and ~(o) are represented in table 5. Their 
analytical expressions are written in Ap~endix A. 

K- eve.y Decay 
The amplitude o f this process 1s determined by d1agrams 

represented in table 5. It may be wr1tten as 

(J.6 )M(K-+-e)}~)~ Mte>-tMs\'l f 

where MSI> 15 the structure-dependent part 01' the amp11tude, Ms\) 
16 interesting from the theoret1dal p01nt 01' v1ew because àepen
dence on th.e 1nner structure 01' a kaon, UsuaIly, MSi} 1s represen
ted 1n t ae forro 

GF. v v r v 
(J.7 )MS~ (\<-. eY~):: -e.{r {1n {te. ir l (~l) T$l} • 

'W" " 

wheFe l J4 18 the weak lepton1c current, ('(f4} 15 the polariza
t í cn vector 01' r quantum and 

~~ r ~ ..r 1 (jAJJJ.p e.T
Sb 

= ~~ (tJ L1 p, -P1r - LJv«f)e e1,) !;(p-1) .{J.8 ) 

Usually, the objeot oi study1ng 15 

fA-(O)y=
 (J.9 )
 

:Iv (fl) 
wh10h is now known w1th a very great error 

0.05 <r < 0.6. /25/ 

The inclusiou 01' diagrams with an intermed1ate ~~ (1280)-meson 
af:f.ects the axial form factor and does not aff'ect the vector one. 

14 

;.. 

I 
l" j 

Thus, 

(o) (ct)I) J )
42~A 2 C", (JA.J [8 (}(14 - [~{ (fl4) (J.IO)

(r= i- a. (O) .fuJ.y~ 

Using numerical values one obtains: r= 0.21 

which is in agreernent w1th the experimental estimation. 
Table 5 shows that the calculated characteristics of electro

rnagnetic, sernileptonic and weak radiative decays are in good agree
rnent with the experimental data. Thus, QCM describes physics 01' kaons 
correctly. 

4. Nonleptonic decays 01' K-mesons 

Ko + - K'" K"i" +a l>Let us- study nonleptonic s - J( ]( , i-]L J[) - 'jC JE o 

and electromagnetic K:-- ~ &' ) KOs-- Yr decays 01' kaons with the 
effective Hamiltonian 01' weak 1nteraction (1.1) being used, where 

oi, are the local four-quark operators defined as 

01 =(JO:&HÜO;1.(}-(JO~'U)(itD;S) (Al=i/2) 

O = (dO~~}(i10~s}+(dO[S}(~O[U)+2(dOtS}(JO:d)+ 
2. + 2(dO~S.)($O;S)": (Al=1/2.~ 

O~ =(d O~ u)(ti O; s) + ( dO~JS) (Ü,O[u) +2(dD~ $) (4o[d) - (4.1) 

~ (dfJtf»(SotS) (Al~:/2) 

04 = (a o: 'U )(i{'O[s)+ (d o~ s) (Ü\D~ 'U\-·Ül O~sY(d ofd) L~ 1= 3/2) 

a = (dO~ ~$) L (1 o~- .ÀA~) (Al;i/2.L 
5 L '\:Uld,~ R 

o= (d fi\;) L. (1 o; ~ ). (AI=~ /2.} 
(, L 'l<'UI~'~
 

Here r _ ~)

Oi~rr({+}., 

i ,ÀA 18 the Gell-Mann matrix acting in t.he colour space , The Oi. 

~ 
operator propertie8 with respect to the isotopfc sp1n are indicated 
in brackets.·i " / I 

I 
I Th~ caefficients CL have been calculated in J allowing for 

,I strong interactiorrs at small distances. Expressions for C1- C, 
are gí.ve n in Appendix B•. 

I 
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The coeffici'ents C 1 - C6 d-epend on -W-boson and c -quark 

mas3es as we11 as on QCD parameters: va1ues of the running constant 

cl.. = ~2(f4) /4 J[ .and the renorma1ization point J.s 

K -:JL 1i Decays 
0-+_ 

Diagrams -determining the amplitudes l< ~ Ji Jf f 

K~- J\olfO K~ Jr+Jr0 decays are shown in fig.2. The matrix e1ements OIr.) .' 
non1eptonic decays of kaons take the form 

M(K~ Jt+]C)~ ~ j1nec COJOe [(Ç+2Cz+2C3"'2~) Gc~tx-T 
2,2- (4.2) 

+ (C~ + ~ cdTl(Síl~~_+ (C s -+ ~ c,Yflc~ ~ (m;) M(ç -fi- Ji+Jf-J1 

M(K~_~·")[O) z: 2~ -Ji'n ec COá&, {Cc, +2C,+.2(3-44 )T:~". 1

(4.)) 

+(c~-+ f~ c(.)T~:.~o+(Cs+ ~ c,)TK: 1J~(W1:) M(~~Jt0JCO)
 

... G c T lt
. K~JL+:J[O) = _F 1f'tl e~9 . (4.4)M{ 2.(2 ( c. 4 Ki"~+7t° 

The fo11owing notaion ts used: 

rp~. r j J j d l.r.x,ta\X1+ i.P3 X) I'T'" ( )ri ( H ( \ i.. (4.5)',,12. : ~a~ Q)('1 Q xl. )(3 ~ ~D ~1 XI d- 2 )(t)olk xj}O (J)IQ) . 

T;t = ~d~ dX i dJC 2 e~rl1(, ~iP'l)("< o\T~1 (Xi) ~~ (x
1

) Ol(~) \o> 
(4.6)M(~-'J[j[):: -). "''I' toi~ 32J[ 3A e(O)' a_ ot V.J\s. S fã ~ A , s - 23 

22~ (MIC ) s the ç - meson propagator.ã 

The invariant amplitudes T L 
ca1cu1ated in QCM are represented. in 

tab1e 6. 
1(0 + - Kb 

o oThe matrix e1ements of AI= 1/2 deoays S-JtJ( and ;-J(.J[ 

are dete..rmined e;HheT by the oontact diagrams .shown in fig.2a 

as we 11 as the po1e one wi th an intermediate r$ - meson whioh 
is shown in fig.2b. It was c1aimed in /7/ that the oontribution 

~~ th1s 1ntermediate state p1ays the main role in the exp1anation 

of AI= i /2. ru1e. 

16 
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Tab1e 6 

------- ~~---------------------------------~---------r_---------

Numerica1l. 
Ana1ytica1 expression va1ueTKy X 

(GeV)4 CGeV)) 

I 

--------~-------------~----------------------------------------
~ 24fZ >. {>..'. tn ZA t) (Clol f: g(o))TKo +- 0.06 
s ~1\ 

J'[. r K k. s A ,,+ G 
-, 

TIC~710~O 4S-{fÀ {):. 'fr12A C(o) ( c(o) + .I'~ ~(O») , 0.12-
J[ r ~ lC s,A B b 

T~ i ~ ff.À{>:~Z A C('l(C(o) }I~ t(o) ) 
0.0S"k+7\+1t° 1[ f Co lC s A P> + G 

s b4Y2 \ {):. A' (,\(2C(o) 1- ~~ ~(O) ) 
\tc°7\+1t-

iJ8 
. s 

~ y ~ 50 ~ A 

T:~~oJío 12.&Vi .À ~ A C(I) (2C(O) )i~:(O) )3 

j[ f K S l' A -t- 2.76 

5 - 11:. -Vi:>: A2. ~ 1. (2.c;l)C(o) + C(I) L lO»)
TK~Â - 0·06J[' lC" S I<. B B A 

TK~S li~ A.~ (13 ilhe - Co~e ) ~I) Li'> 0.1.9j[2. ~.$ _ S 5 S 

i do: V):K As m: c~') ~ (o)TK~~1 0.86 10-4 

'::n -~~~ 'fi" 1\: (-~<~(o)+g C~~(o) + i1': çlOll(o)) -0.)5 10:-2 

~ b ~ '2. 'L (o) (o)

TK~P - J(2. ' }.I( Àp As W11c CA CA -0.47 10-2 

~ 
~ ~ AL ~ cJ,.0) (,)

TK~A jt2. "A S VV\\C. Le. 0.81 1-0-2 
... . 

rí15' f 
--~; ~ A: ~~ (2 Co,ci ) L~') C~'))

\ ·K~ r 
0.21 
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We ccnsí.de'r f. - meson as effective inclusion of 50 wave 
eontribution to the Jt-Jt interaction. In this case, íts mass. 

is a parameter de t ermf.ned from the .JL-)t scattering. 'l'he ç. meson 
propagator is chosen as 

'J) (p2J = 1 
(4.7)s m a 2. ~ r 

e - P - L m~ I~ 
o 2

Formul.a e for the JC -:Ir scattering lengths 0. 0 and 0- 0 are given
126/· o 2

in • The ao and Cl o dependence on rn~ i6 plotted
 
in fig.). It turned out that for the best agreement with tne j[-Jt
 
scattering lengths ht~ i3 to be chosen
 

rn~ =670 MeV 1 

~ Ls the total & ....][J[ decay width.
 
The QCM estfmation gí.ve s C == 245 Me V.
 

t;. o o
 

Electromagnetio Decays \<L---~X) K5--~~
 

The amplitudes of electromagnetio decays of neutral kaons 
determined by the diagrams are shown in fig.4. It is to be noted 
that intermediate states play an important role in thesedecays. The 
amplitudes of these prcesses are 

.
M(K:~~~}= -! G 

~Y\ec ro!e~csL TKX M(x~Xr)
2ft X"~,b,S" m '2. _ MA 2- (4.8 )

X , ... \C. 

M(K:~ n) ~ 2.~ {illf)< Co;! 0,i(c,-4c,+ ic, ... ; C.n;kY ... 
T's )""' [c s] M(X~K~) 

+Cs .K.u + ~ C1 +2C2-t 2.C:l,-4CJ,)I't<x 2. _ ~ 1

x- Ji)a." V\'\ x wt K.
 

+L [(OI&1C,t{.,14Cl+3/HC3-3~q2~4)Tl+ O.81cs·TS"1M(X~x~) -t(4~9) 
, lC.)t lC";t rl\lI 1: 2.
 

X=~ ]) - "1)( - ~K
 
) 

> r( J M(X"Kd}f 
+ ~ t 0,7'Cf+f,52(~-916C~-036C~~T\(x+o)t'C~TIC: •2. 

x= ~ E V}'tx - Y1'\~ 
) 

The ~matrix elements turn out to be equal to 

Q= a: th 
i a.~ ex 

Q= a:th 
2 - 

a~ex 

Q. 

'Í.t 

a.o 
0.8 

o I I t. , I I , I 1 I I ., 

630 640 650 660 670 680 690 700 710 720 Wle(HeV) 

FiS·3. 

K=[oo1:; 
õ'rJf 

K-O\J\..LK 
Tr 

Fi:-). ~~ 

18 19 
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f~ 24<1... ...Ç f <S" j> ~,)jC'11 (P-Kã)- l{i V~r AUCM Q (O, 1'.) tl ~t q; 

(4.10)Mt".·~((AA/tÍ~k):-~ fiA 1"eM MO'fI'){~: ç,J<Yj" 

/~/ 

J. Nl' {S-~d) = - ~J. f\s LLM (Ã(O,jA.) 1~1:<fl'J a' , 

Here cf. z: f:.Y4 ]f i for JL)0..1. ) d
 

( co~ e- 2.12 !1tl e) / V3 for 1) E, S it" e. =~!1°
eM = p 

e~:= 58°. _(2.V2~e+~V\e)/Ü for 1')D)~ 
The ealculated invariant amplitudes for a direet transition 
and for one-partiele ones K·-+ X are given in table 6. Inlermediate 

pseudosealar states turn out to play the crucial role' ~n the \Cf- ~K .aecay. 
It is very interesting to elarify the role of different operators 

in the AI =1/2 amplitude enhaneement. Table J represents relativa 

eontributions to :M(\C~-- Jt+.Jt-) from different operators Oi.. 
taking account of the coefficients C i. : Mo -o - the 01 - Dl. contribu

1 ~ O "tMe 
tion,·' Os - ccnt r í.but í.on -of the contaot diagrarn wlth 5 , 

M~5 - contribution of the pole diagrama wi th O,Ç (i. e,. d í.agrams 
with an Lnt ermed í.at,e ~ - me s on}, 

There are two opposite polnts of view coneerningfue role of the 

Os -operator in the AI =' 1/2 amplitudes enhaneement • Tb.e eontaet 
diagrama with 05 pIay an e s s ent í.a'l role i·n the explanation of the 

n1 = 1/2 rule in IJ,6/. n. ã s elaimed in /7/ that the Mo,\-o~ 
and M~ e0.ntributions are negligible ln eompari-son w1th that 

~ ~ , 

f-rom the pale d í.agram wi th intermediate ç - mes on, un the other 
hand , it is shown in /10/ that .the 05 contribution with the terms 

inelilded Ls less than l~ and the 01- 0it, operators play the main 
role. 'l'able J shows that in QCM alI contributions to MtK~ -- J[TJ[-) 

have to be taken into aeeount to achleve an agre€ment wlth the 

expeN.-mental data. The enhancement of the 1\1= 1/2 amplitude byO..-0<4 
i5 due to C'1- C-4 whã.Le the reason for' a eonsiderable contributian 
from 05 is great values af tbe matrix elements of this aperatar. 

The authors wish to thank G.Nardulli and M.K.Volkov for useful 

discussions. 

APPENDIX A 

Analytical· expressions for electromagnetic radii o f. K-mesons 

s. <r 2.) = 1(; )..K ~(o) + ~.?I<+lC + ~IfK-tK-
G \(-t 3A2.. ~ m'1.. ~ »12

~ JS tf lf 
(A. I) 

~.í'K<>K" ... ~if Je0i<.0 

1 <r 2> = ...l Yl'\2.b 1<0 1lf W1 ~ ::JS f 

K-J\ev deeays form faetors 

.r:> r lo) ~ #( )( '2. 2.) t(o)~~)fi- tU == g V).. r:. Àf Lc~ (~ ..)+ -r t> O)~w .fI<: - ~1r + -6- -t «,» 

2.}." C~O\t'C() 1 (elO) + 1. ~(o u..) (~~ _ ~~ ))] 
+ tú\-t. T.. & b ))' J' 

J'K. 'd._ 
E. m: 4~ (jIA~-t'~) [-~(o,Jl')+ 16 dI W,f,)L)
 

12~:C~\flA) (c~O)(f") t tCo'J") (fl;-f'~))J
T 
j'-{~.-t. 

1 2 Àv C~)~\A) fc(o)~) bl.o)~ ..)(j/_ 1.)\ 
\ =: ru2. 6" t(o)y",) + }\~" \1 B ... + 6 "7 flr I} -(A.i) 
j\ to J' 1'; Clo) ( D ( (2. 2. ).
 

B (~"') + 6" t> °IP"') fK - ~1t .
 

APPENDIX B 

The coeffieients Ct entering into the effeetive Harniltonian of 
weak interactions are given by the formulae /J/ 

4/"( 0.42. 0.&) -216( 0.12 -0.3 c, =- dC 1 o. 9& d(1 +O.Oi J(l. +0.04 at'1 d(2. - Jf'l ) 
-ZI6( -0.3 -0••2.) 41l( 0.42 -o.~)

C2.= 0.2 a!1 O.9b;}(Z +O.03dez ~o.02..;)l1 x, -J(2 

2120 



;.. 

2.. -2/t -1/9C - - 'V "li 
,~- f5 <1\.1 <1\2 

2 -2/&, -211 
C~ = 3"" dei dez. 

-2 4/'( J t . 0."2 -0.3 IJ.~ -0.12)
Cs :: ~ O J{ 1 ~. J(Z - o. (; ;)(2 - 2.!J J{2 - i. 3X2 + 

2 -21'( -V0.42 ~-O.3- 1 0.3 4 :'0.12)+ tO- Xf o.ix; '+2.9(/\2 -1.~Jf2 -.i. ~ . 

_-2. 4/~( 0042 -0..3 0.& -0;(2)+C, - 1(') :Xf ir. i Xz - 0.6Jf2 

_ 2. -2/&( 0.42. _
+ fO Jt'1 -0.2 X 2 - J. %Jf2

2- .b;: lf - - Nlj . 
Here 3 

r- 2.( 2. 
U $ l JUc ) f). 111w

Xi ::: 1. -t TI f f, '7r2 ort 111/ 
""2 2: 

di = 1. -t .9 . ~ {yJ- en f1(C 

2 teJ(2 fi" 

2. qdf2 - i. 3:Kz 
-0.3 . 0.8 - o. 12) 

- J. O~ + 7: OJf2

Q1 -= i (O).-O~) 

Qs = 0(;, 

Q<;:= t os- + ~ 0(; . (B.4) 
(B.1) 

The re1at1on between the coefficients c.: enter1ng 1nto (l.1) 

and coeff1cients RL entering 1nt~ the effective Hamiltonian 
~rom IZ7/ i5 given by 14/ 

(B.2) 
C~ -== ( .,.. ~ .~)

2.. Rl - ~ -{ - R~ 

2. ('" 'lC \ .'l'
CL :"5 R, + R1: }-+ 2.. R~ (B.5) 

/27/ . /7,11/
Another set of operators suggested in 1S used in C~ := li (R~ +R:)

~ 1.5"instead af the set of operators Oi- OI; g1ven above 

Q1 :: (Sol dJ V (ti, Ur )V-A_A 

Qz = (S..I.dj»V-A ('ÜJ 'U..L)V-A
 

Q~~ ~ (Sol dc!)V-Atl~l!. (1v~J)\j.-A
 

Q5 =(S~ dJ.)V-A L ('f~ ~~)V-tA
 
1::'lo\16l~ 

Q,=(SeJ. d~\-A L (~1J:) V+A 
1=a,d1s 

The re1ati.on between D- 0'(. and Q'" - Q{,
1 

Q=-10-t-!O+.!...O-t-i.O
t 2.- 1 10 2. 15 3 .3 .. Io 

Q2 :: ~ D-( + f~ Oz + -(~ O~ -I- 1Olf 

22 

C
4 

~ ~ (R~ ~ R;) 

Cs = 8; R: 
-4"* lOY 
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ABaKHH E.3. H AP. E2-87-63ü 
HeJIeIITOHHble paCIIaAbI K-Me30HOB 

J1eIIToHHble, IIOJIYJIeIITOHHhle, HeJIeIITOHHble H 3JIeKTpOMarHHT
asre paCIIaAbI K-Me30HOB paCCMaTpHBalOTCH B MOAeJIH KOHij)atiHMH
pOBaHHbIX KBapKOB. ):{JIH OIIHCaHH.H HeJIerrTOHHbIX pacnanoa KaOHOB 
HCrrOJIb3yeTcH '34>ij)eKTHBHblti raMHJIbTOHHaH cna6oro B3aHMoAeticT.... · 
BHH. BblqHCJIeHbI mapnasr HeJIerrTOHHbIX H 3JIeKTpOMarHHTHbIX pac
naAOB KaOHOB, napaxe rpsr HaKJIOHa P;JIH rrOJIYJIerrTOHHbIX pacnanoa 
9JIeKTpOM-arHHTHble panaycsr KaOHOB. 

Pa60Ta BWrrOJIHeH8 B J1a6opaTopH~ TeOpeTHQeCKoti ij)H3HKH 
OIUU1. 

Ilpenpaar Ü6"benHHeHHOrO HHCTHTyTa anepasrx accnenoaaaaã. .uy6Ha 1987 

Avakyan E.Z. et al. E2-87-630 
Nonleptonic Decays of K-mesons 

Lepton~c, semileptonic, nonleptonic and electromagnetic 
decays' of K-mesons are treated in the framework of quark 
confinement modelo Effective Hamiltonian of weak interac
tions is used for description of nonleptonic decays of ka
ons. Widths of nonleptonic and electromagnetic kaonic de
cays, slope parameters for semileptonic decays and elect- I 
romagnetic radil of kaons are calculated. 

, .1	 .~ 

The investigation has been performed at the Laboratory 
of Theoretical Physics, JIN~• 
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