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By the method of the ;-fomalisn the rates of
KL-*/!"'}' . and K-> JTVY processes are calculated
in the "einberg model based on SU(4) hadron symmetry.



The rates of the rare decay modes of the kaons in the
gause theory of weak and electromagnetic interectiong have been
calculated in the papers /T-4/. Howevar ,the results of the pa-
pers /I1/ and /2/,in which @ (f. ""ﬂ /l‘ in the Weinberg model /5/
was calculated ,disagree.One of the purpose of this work is the
independent calculation of the probability of this process.fur
result confirms that of the work /I/.IN the second part of our
work the rates of the processes K"”‘JZ—Y}" and K> e€
apre found and the results obtaintd alsoc differ from the expressi-
ons presented in /2/.The calculation is performed by the method
of the generalized }'r —formalism /6/ in the Weinberg model
under the assumption M "-'-‘!ﬂ SMy,where M, Myand M, are
the masses of W—bozun,P—quark and P-quark,Use of the ?-fom—
lism provides us with the supplementary vdrification of the re-
sult-the final expression should not contain an arbitrary pargme-
ter ‘;,

: As it was pointad in A/, the anmplitude of the annihilati-
on of n- and A-quarks tato /H ﬂ (Fig I and 2) can serve &as
the effective Lagrangian for the decay K-rz M .The contribution
to this amplitude of tha diagram with intarnadiata W-bozon (Fig I)

is equal to =
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In our notaition F gm 9 is Cabibbo angle ,and W-bozon

propogator is a
— [ ” /’fa 7r (= f) J
; ?1__,,,} jﬂl" w/;
; Now calculate z:\n—*rertex sssuming for simplicity that
-o{this gimplification was proposed by A,I,¥ainshtein,who per-
formed also the corresponding calculation in the Feynman gaugs).
Four-dimensional divergence of Z-bozon current is equel to

BJ ,.jF 7F+ Zj}'zfv VVJ,W](E}

H&re wa omit the terms which contain the neutral scalar bozons
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and Peynman-DeWitt-Faddeev-Popov ghost particles,because they
do not contribute to ZnA -vertex to lowest order of the per-
turbation theory.Using (2) to obtain Ward identity,we find
that Zn A -vertex is L 3
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Tn this notation the contribution of the diagram with inter-
mediate Z-bozon (Fig 2) is of the form

M, = 7 (3N A P ®

Here we retain only axial muon currant because only it con-
tributes to the rate of the decay K */f M .Adding (&) to
(IT) with gto,one obtains the expresainn for the annihilation
amplitude which does not depend on +On the other hand,

comparing (3),(4) and (1) we see that the parameter } is
canselled out for g",! g if

E;(f) , (7=0) 7 E (9= ﬂ) (3a)

Formulas(3),(3a) and (4) in the Peynman gauge (}, =1) were dlained

also by direct summation of the diagrams which contribute

to F}I'.,'

In the paper/2/where the calculation are performed in the

Feynman gauge,ZnA =~vertex was alsc found by using the Ward

identity, but the form of this identity differs from identi-

ty obtained in our work, Onepan obtain ZnA ~vertex prese-

nted in /2/ using formula (2),but without the second term

on the right hand side,But the contribution of this term is

essential ,F.g, ,using ~formalism we can see that without

this term the final résalt depends on } that is certainly wrong.
Adding up the contribution of the diagram I and 2,we

obtain the amplitude of the process A T - /f?"_
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T+ coincides with the result of the article /I/. Thus,the ra=-
ti0 of the rates of KL -"/f*/” and }c*-'r ,l']r’ decays is equel

to /T/ 2 % L
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It is necessary to point that in theformula (6) the contri-
bution of the graph with two intermediate photons(ses /7/)
is not taken into account ,Therefore,one can use (6) only
for obtaining upper limit on the mass of Péquark (see /1/).
2. If we know Zn A -vertex it iseasy to estimate the
probability of the decay K=+& ¥¥, In the quark model this
process is described by the graphs I,2,5,The sum of the di=
agram [ aind 2 does not depend on the parameter ; and is
of the furm

i = u—{-( 36 :, j)nrfka-),ava'(w)y (7)

Due to the difference between the ZnA =-vertices which we
discuss above,the formula (7) does not coincide with the cor-
resovonding formula in /2/,but in this case the different¢ con-
sists only in another non-logarithmic term in the bracket,
RNow estimate the contribution of the diagram 3 .
The characteristic gparameter- which defines value of this graph,
is the ratio -’%- where m is of order of the mass of
uncharmed quark or the mase of K-or I ~mesons,In the dia-
grams T and 2 this parameter is &: == -mr .Thus,
the rela‘,ltive contribution of the diagram 3 is o:t the order
) and we can neglect it with the taken accuracy.
Using (7) and taking into account the relations

< TV, (1+5)n|K*D> = =L &R ()P
<% Y, " hemnl K = oA OeRIPIRY




P [(KT>a°Ty)=(K*>a"Z)

we find
r'(x > VV) %{, Mw__d

r (K> T°Y7) _
£

where F(K*WVF)': F(K*f,';}_::)*'r("*ﬁ;g) o
F (K *ne V) =F():i~*ﬁ?"£7) + [ (xf.fr'é‘y)

and

The corresponding expression presented in /2/ is four times
larger than (8),perhaps due to computational error in /2/.
In our opinion the branching ratio of the K-> 0 € € process
should be also four times smaller than that given in /2/.
Namely,it is
Pt EicC) .
F(KT> € V)
where fi, is the typical und@rmed hadron mass, Q is the
charce of P-quark,This result does not contradict to the eX=
perimental upper bound [ (K™># fz)/!"(k'-‘ﬂd‘f} £8P ay,
if &n——ff«f 6,that is my<20m, ,
Soma words about the assumptions under which our re-

sults are valid.The rates of the processes K~ /Y /f
K—> JT VY are obtained under the assumption that we can
neglect the strong interection in the region of the wvirtual
momenta ¢ =™ F£QL m, . A8 to the process K= e€,here the
small momenta (m, £ q<£ m, ) give the main contribution to
its rate . Besides,we neglect the contributios of the diagram
of the type 3 with ¥ -~quantum substituted for Z~bozon
(this diagram does not depend on the P gquark and,hence, does

not contain the large factyr &n ;1{: )« Therefore, for-
mula (9) can be true if o --—-G—'»I.

The auther thanks to T.B. Khriplovich A, I.Vainshtein and 0.P.Sush-
kov for the useful discussions,
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