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THE DECAY K, » 7%y
M.K.Volkov, M.Nagy*

By using the linear o-model the estimates of the branching ratio of
the decay Ki» #°yy have been obtained. The comparison with the
experimental data of the E731 group has been made.

The investigation has been performed at the Laboratory of Theore-
tical Physics, JINR.

Pacnmag Ky, - °yy
M .K.Bonkos, M. Hagp

B pamkax ymueiiHoit o-Momenn Goumm HONYYEHbI OLCHKH BEPOATHO-
¢ pacnaga Kj-» »°yy. Bsmo npoBeneno CPaBHEHHE C [aHHBIMH
SKCnepHMeHTaNbHOM rpynmet E731.

PaGora BhInOMHEHa B JIaGoparoprn TeopetHyeckoii ¢usuxu OUAHU.

The authors of recently published paper /1/ have performed a
search for the rare decay mode K1+ 7%y using a data set from E731
experiment. This decay is of interest for its contribution to the decay
K;~»n°¢"e”™ | which gives some possibilities of observing a direct CP
violation. They have concluded, using world averages for K;»27° and
for K; - 3r° branching ratios /2/ that ‘BEy-7°yy) < 2.7x108
(90% confidence level).

In 1982 one of the authors of the present paper calculated the
width of the decay 7 - n°y y/ 8/ in the framework of the quark model
of superconductivity type (QMST) /4.5/ , Just proposed at that time.
This model is a quark analogy of the well-known model of Nambu —
Jona-Lasinio/6/ Starting from the effective chirally symmetric four-
quark interaction, one can obtain in QMST the well-known chiral pheno-
menological Lagrangians, describing the linear o -model and the interac-
tions of scalar, pseudoscalar, vector and axial vector mesons. The num-
.ber of free parameters in this case is less than that in the old phenomeno-
logical approaches.
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The advantages of the linear 0 -model compared with the non-
linear variant one can realize at the description of the process n » 7°yy.
The experimental status of this process was unclear for quite a long
time. Before the beginning of eighties the experimental value of the
decay rate- of this process was considered as equal to the decay rate
of the process n-n*7~y. We have shown already in 1979 the uncor-
rectness of such experimental results from the point of view of pheno-
menological chiral Lagrangians /1/ . Really, the experiments, performed
in IHEP (Serpukhov) in 1980-1981, have confirmed, that the width
of the decay 7~ 7°y is almost 70-times smaller, than that of the
decay n- ata"y/8/.

From the theoretical results, obtained before the IHEP experi-
ments, the closest to the experimental data were the calculations publi-
shed by Oppo and Oneda’?’ . They have accounted the contributions
of the vector mesons in the process 7 -+ 7%y (3 » yllw,p,¢) > 7% 1).
However, their result. was triple smaller than the next experimental
result. In the nonlinear chiral theory the large contributions are also
given by the diagrams depicted in Fig.1
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but, these contributions are mutually compensated. Quite a different
situation takes place in the linear o-model with the real intermediate
a,(980) meson (in the old notations 5(980)) in the diagram of the
type 1b. In QMST these loop diagrams have the form shown in Fig.2.
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Here the diagram 2d also partially compensates the lagre contributions
of the diagrams 2b and 2c. The remaining part, in contrast to the non-
linear model, is nonvanishing and completely commensurate with the
contribution of the diagram 2a, having » and p mesons in the interme-
diate state. As a result we have obtained for the width I' n-n°yy the
value equal to 1 eV, that is in good agreement with the experimental
data /8/ . .

The contributions of the contact and pole diagrams with an in-
termediate scalar meson have been accounted in the amplitude of the
decay n » n°yy for the first time in paper/ 10/ | There the author got
the result quite close to the future experimental data/_ 8/ Then, already
after the new experimental data appeared, the similar numerical estima-
tes have been obtained in/11/, However, by comparing the results of
the paper/19/ with those of /3:9:11/ one can realize that in/19/. the
estimates of the contributions of the pole diagrams with vector mesons
into the width of the decay n »7°yy have been twice higher. Therefore
the agreement of the final result with the recent experimental data has
‘only the accidental character. In the articles/3/ and /11 the results
of which are completely mutually consistent, the contributions of these
diagrams are accounted more correctly.

After these general remarks we overcome to the calculation of
the amplitude of the decay K; -+ n°yy that can be easily expressed
through the amplitude of the decay 7 - #°yy . Really, the process
K; » 7%y is completely defined by the three pole diagrams, depicted
in Fig.3.
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However, the dominant contribution to the amplitude Ky, » 7%y will
give the diagram 3b, because there is the pole very close to the resonance
region. The diagrams 3a and 3c are not only far from the resonance, but
even are partially compensated, having opposite signs. That is why we
shall neglect their contributions in the following.

The amplitude of the decay Ky - 7 » #°yy, taking into account
the previous arguments, can be expressed in the form

c .
T = — T =aT , 1)
R»m%y " p2 —m2 777y 1+ %y
n Ky
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where m, and m g |, are masses of the 5 and K| mesons, respectively.

The quantity a, connected with the weak vertex, defining the probabi-
lity of the transition K - 7, is considered as a free parameter. We defi-
ne this parameter from the independent experimental data, namely
from the widths of the decays K| » yy and 5 - yy. The amplitudes
of these decays can be expressed analogously to (1)

c ;
T - —C 7 -aT . - (2)
K>y mg_mlg( n-=>vyy n-yy
L

For the amplitude T - we get from the recent experimental data 72/
n->vy
the value

m m
rex® _ 7 (qp°® _3_”)’2 = 0.42 keV ,
n-yy m nyy
(3)
pex _ 8 (m042keV 12 0.0124
n>yy m, My my

Then, by using (2), we have the following formula for the width of
the decay KL—> yy

m m, o
X K
- L \ Ly 10712 v, 4
rKL*w_ - "(aTnﬂ'y ) 7.24 x (4)
From here we can easily evaluate the parameter a
-7 5
a =15x10"" ., (5)

Now we have all necessary aids for the calculation of the width of
the decay K L> 7°yy

2
.rKL R ﬂ°w =a”T n- ﬂow
The evaluation of the contributions of diagrams in Fig.2 into the width
of the decay K [ - n°py with the change of the mass of n-meson to the
mass of K;-meson, leads to the following resuits.
The contribution of the diagram with the intermediate vector
meson (Fig. 2a) equals '

(m, +my, - (6)
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p, w) n M
T = =M
K~ °yy 2 (877217‘”

4 -2
) [3aapasint9] [Ipp+21pm+lmm

(7

~4.8x107Y = 0.5x 10 My,

where M denotes the mass of the Kj-meson, F ,= 93 MeV is the pion
decay constant, a = e %4n-1/137 is the electromagnetic constant,
a, = g%/4r=3 is the constant of the decay p 27, § =0 ,-0, 0 ,=~35°
is the ideal mixing angle, § = -18°, Ipps 1 4w and 1 pes are the phase
integrals, calculated in the paper/9/. We have used the values of these
integrals obtained after replacing the mass m , by the mass m Ky

The contribution of the diagrams 2b — 2d is given as follows /8/

r (0+8) M m
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(¢
where m is the mass of the #»°-meson, m _ is the mass of the a_-meson
LS : PN 0

and m, is the mass of the constituent u and d quarks, having in our
model the value 75/

mil. , R8,Fy 2 172
R LR ©)

m2=
u

Here m ay is the mass of the axial-vector a ,-meson. For the value m a, =

=1270 MeV"*% we get m _~m ; =280 MeV and from the formula (8)
we get the value

14

(042 _ 034x107™ ev. (10)

K~ °yy

The last important term, giving the sizeable contribution into the decay
K L » m™°yy , is coming from the interference of the diagrams of the
type 2a and 2b — 2d. This term has the following form
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o)

The sum of all these contributions leads to the following value of the
width of the decay K L #Oyy

-14
. - 4
rKL-'ﬂ°w =1.4 x 10 ev, (14)
or to the value of the branching ratio

r o
L -6 15
BK,-» °yy) = ———=1.1x10 (15)

‘rKL-' all

which does not contradict the experimental data on the upper bound
of the branching ratio published in/1” .

The estimates of the width of the decay K L~ vy becomes an
especially actual meaning at present time, when LEP at CERN is start-
ing to operate. In particular, there are in preparation some new experi-
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ments with neutral particles as the final decay products. The test of
our theoretical results could undoubtedly provide the interesting infor-
mation concerning the confirmation of the advantages of using the
linear version of o-model in the elementary particle physics. The re-
sult of 71/ is close to our estimates and there is the possibility of mea-
suring the upper bound in the framework of LEP activities.
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