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TO THE PROBLEM OF K - n%yy DECAY
M.K.Volkov

It is shown that the contribution of intermediate vector mesons
to the Ki~> n%yy amplitude, intensively discussed in literature in recent
years, is close to zero provided that the group SU(3) breaking is taken
into account. At the same time, the contribution of intermediate scalar
mesons is essential. The obtained estimates for Br(KL - 7%yy) conform
with the recent experimental data Br(KL—> %) = (2.1 £ 0.6)'107°

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

O npo6neme K; ~ n°yy pacnana
M.K.Bonkos

B pa6ore nmoxasano, 4T0 BKJIaZ MPOMEXYTOYHBIX BEKTOPHBIX Me30-
HOB B aMIUIMTYHy pacnapga KL—>1T°77, HHTEHCHBHO 00CYyXIaBIIMACsH
B JMTEpATYpe MOCNECAHUX JIET, ONIM30K K HY/O IpH yYeTe HapylIeHHs
rpymmst SU(3). B 10 Xe BpeMs 3aMeTHYI0 poiib HTpaeT BKJIaJ OT Ipo-
Mex(y'roq}mx CKAIAPHBIX ME30HO0B. IlomyueHHbIe OlEHKH Ha Br(K -
- 1%yy) yuoxmernopmo’r CYLIECTBYIOIUMM 3KCIIEPUMEHTAIbHBIM JaH-
}mrMBr(K > 7%7) = (2,1 £ 0,6)'10°¢

Pa6ora Brmonnena B JlaGopatopun 'reope'mqecxoﬁ ¢busuxn OUAU.

Recently, the K; - n%¢e'e” decay is intensively discussed in litera-
ture’!~% /. An increased interest in this decay stems from a possibility
of studylng on its basis the nature of CP parity violation in future expe-
riments K; ~ n%e"e” /¢ /*, If the CP parity is violated, the decay pro-
ceeds through a one-photon intermediate state. However, a competing
process conserving the CP parity is possible here which proceeds through
a two-photon intermediate state K > nlyy > 7° . Therefore, for
a thorough study of the K - n° e decay we need good information
on the K; (p) > 1r°(p1)'y(q1)1(q2) process too. The amplitude of the
latter can be written as follows:

*Note that as early as 1966 it was proposed for the first time in’"/ to verify
the CP invariance by studying the K 1> n%e*e” decay.
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The K, » #°e*e™ decay can essentially be influenced by the part
of the amplitude (1) containing factor B. The first term of (1) gives the
contribution to the Ki »#° efe™ decay, proportional to the electron
mass, and therefore, it can be neglected.

Factor B in the amplitude (1) is determined by the contributions
of diagrams with intermediate vector mesons (p and w, see fig.1) /1=3/
In this paper we show that if the SU(3) group breaking is taken into
account ' ¥ , the contribution of these diagrams to the sum of three
transitions KL" (n°, n,n" ) - n°y is almost equal to zero in the re-
gion of most probable values of mixing angles of singlet-octet compo-
nents of n mesons, —20° < 9 <—18°. Thus, it turns out that the com-
peting role of the CP conserving part of the amplitude is small and the
one-photon intermediate state in this reaction should play the decisive
role, which makes it easier to observe the CP violation.

At the end of this paper we shall show that factor A is influenced
not only by the meson-loop contribution K - #° 7tn ™ > #°yy discussed
earlier '+ %/ but also by the transitions K,» (#°, n, 7" ) » n°%yme-
diated/ by scalar mesons f0(700), £5(975), £5(1400) and a,(983) (see
fig.2) 10" 1V,

In order to describe the K- (7°, n, n” ) transitions we take the
effective Lagrangian of weak interactions in the form /12 13, 8/

eff

Ly =Gg/v2sccQ, . (2)

KL 77:'1;'2' p'w re

—p———Y——> : —p—
| x;ffxz\ \44\
¢ ¢

Fig.1. Diagrams with the intéermediate vector mesons. KL—» (7°,n,n ) transitions

are considered in the two quark-loop approximation.
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Fig.2. Contact diagrams with the intermediate scalar mesons.

where
QAS=1 =Q = C,)1 - 1.6Q2 + O.O33Q3 - 0.0.18Q5+ 0.1Q6 ’

Gp/V2s c c, =1.77.10-6 GeV~2, 8; = sin¢i, c, =cosg, are elements
of ‘the Kobayashi-Maskawa matrix /1% and Q are four-quark opera-
tors. As an example, we give here only the most important operator
Q g (the operator of the ’penguin”-type)

q=u,d,s

Here a, b=1, 2, 3 are colour indices. The remaining operators can be
found in ref. 78+ 12/ The effective Lagrangian (2) satisfies the selection
rules {As| =1, |Al]| =1/2, 3/2. Since the value of the matrix elements
of the transitions <K;| Q|#°, n, n°> depends mainly on the opera-
tor Qs’ we write down these elements in the explicit form only for
the operator mentioned above’8/

<r®Qg|K®> = pX,

<n|Q |K°®> = [ ~(2/3+p)sind’+VEF_/F (1/3+p")cost’]X, (3)
<n’| Qg K®> =[-(2/3 + p) cosf” - 2F /F_(1/3 +p") sinf ] X.

Here é' =6, - 6, where 6, =35.26° is the angle of ideal mixing and
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§=—18° or —20°, = 93 MeV, Fx = 1.2F, and Fg =1.3F, are the
decay constants of =, K mesons and a pseudoscalar state involving only
strange quarks’ 18/ X =<n°|Q{K®> =8.5:107° (GeV)*. The para-
meters p and p” are equal to

p=64(1+ 1) (Zm F, /MFp)°[1 - AFZ/(1 + \)FZ) 1= 47,
P =6AAA + V) (Zm Fo /MF FgY [1-Fpo/QRU+ N Fo) 1261,  (4)

where A=m,/m,=164, Z"'= 0.511 +[1 — (2g,F/m F 1%}
the renormalisation constant of 0~ mesons, caused by the transitions
0--» It (I*-axial-vector meson), m m, =1260 MeV is the mass of the
axial-vector meson a /1% , m =m,[ (Z — 1)/6Z] 172_ 280 MeV
is the u quark mass, m is the s quark mass/15. 16/ % g g the constant
of the decay p~ 2n (g /4rr =a, 23)and M isthe K meson mass.

It is seen from the above formulae that in the case of exact SU(3)
symmetry (m = mg, F, = Fg=Fg) (3) and (4) result in a usual SU(3)
symmetric relation between the matrix elements <K°|Q 8l ©,n,n>
which have been used in papers /1-3/

Using formulae, given in paper /8/ , one can obtain the following
values for the matrix elements of the transitions K° » #°, n, n° for
two different values of the angle 6

=-18° <r°Q|K> = 4.9X; <7]Q|K% =3X; <7’|Q|K%=-10.6X.-
(5)
6=-20° <7°Q K> =49X; <n]Q|K® =26X;<n’|Q|K>=-10.7X;

For the decay amplitude KL-, yy Wwe have /8/ (a =1/137)

aG_s.c. c 3 o o ——
T ~—F 17173, 3<m°lQK Being’ — o oas 8’
R =y ey { Mm? +(5sing’-+/& cos8’F_/F_)x
<n|Q K>
x__’g_l__l___ (Scos0 +\/2$m6 F./Fg )<’7 lQlK% } =
Mz-mf' M —mz,

4.5.107 Gev "L 9--18°
‘ 3.4.1072 Gev~1 9--20°.

*Mass m, = 280 MeV corresponds to the value m, = 1260 MeV /1 If m,
=2g F_ =1140 MeV, then m —330 MeV. The experzmental value of m,, has not
yet geen established defi mtely and is within the limits mentioned here /18,18/
Formulae (3) and (4) have been derived in the approximation of two quark-loops
providing transitions K°~n°, n,n° (see /8’ and Fig.1).
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The experimental values are equal to 711/

9 -1

T =(7.24%036).10"% av, T =3.4.10"

GeV
KL"'W KL"'W

It is seen that at 8 =— 20° one can obtain a good agreement between
theoretical and experimental data.
K, » 7%y a) Vector Mesons

The contributions of diagrams with intermediate vector mesons
(Fig.1) to factor B (see (1)) equal

5 (o]
aa,pGFS 1€ 46 5<7 QK% s 6)

o Y2 _m21(M 2 2
n2F§[(p ql) m.p](M m =)

B =

where (mp = mm)

38in6<n|QR>W%-m?2)  Bcosh<n’lQ|K>ME-m?)

A=1+ , (D

g +
»5.<n°|Q|K°>(M2—m37) 5.<n°|QIK°>(M2—m73’.)

In the case of exact SU(3) symmetry, using formulae given in pa-
pers /1,8/ , for the coefficient A we get*

A=1-009 +021 =11 (9=-189),

A=1+0.03+021=124 (=-20°),

However, if the breaking of the SU(8) group is taken into account
this coefficient sharply decreases due to the compensating influence
of the » meson pole. Indeed, formulae (5) and (7) result in

A=1-1,270+ 0,266 = -0.04 (6=-189%,

A=1-113+0.28 =013 (@ =-~20°.

*Analogous results can be obtained from formulae (3) and (4) if F, = F = Fg,
A =1, p=p’. Here, the contribution of the n meson is very small and at 6 =— 19.5°
it equals zero because '<le6‘ Ko =31/2,% cos(20,.~ 9).
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Thus, in the region of most probable values of the mixing angle,
—20°< 0 < —18°, the coefficient A is very small and runs through
the zero value under the change of 9 in this interval. The amplitude
(6) will give a negligible contribution to the general width of the decay
KL-» 7°%yy

‘r(.p,w)o —10-18ay 6 = -18°) ,
KL—m‘yy (8)

o) 740786y (9=-209
K > 7lyy

that can be verified by comparing (8) with the recent experimental

result /197

T (2.7 0.8)-10 eV, Br(K. - n%y) =(2.1%0.8) .10~°,
K~ 7°yy e * L

(9)

b) Scalar Mesons

To describe the part of the amplitude KL >(7° nsn" ) » 2Pyy
which is connected with the processes proceeding through intermediate
scalar mesons and contact vertices (see Fig.2), one can use the results
obtained in”102.%/ in which the decay 7 n°yy width and pion pola-
rizability were calculated. Then for the factor A (see (1)) we get

D' * .
(Q.a, f0)= 102Ggs e C 4<n lQ!KO)A', (10)
97 F 2(M %-m®)
k4 4
where
E [sme <n|@|K %> (M2 —mi) cos6'<n’| Q| K°>(M2—m2) (1- 4mi1
o —— ' -l+
5 _<n°|Q|K°>(M2-m$7) < QK °>(M2-m &) m2 -s
n a,
+1 -4!!1'?][ 1 =2 + 1 ]
2 _goiJs o 42 2 _ 2 _
mfo ] .1\/srf°(\/s)6(s 4m”) mf, ] mf,o, s

(S=(q1+q2)2)'

Here, in the channels with mesons 5 and 7’ there appears an isovector
scalar meson a, I°(0 4) with mass m, =983MeV; and in the channel
with 7° meson, three isoscalar scalar resonances 0 (0++), two of which
f 0(975) and f 6'(1400) are well known and are contained in the tables
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of experimental data/17/ and f 0(700) is not yet uniquely determined
though in many experimental papers there are indications of its existence
(see /207 ). In the linear g-model the scalar meson £f,(700) plays the role
of ao particle, the lightest isoscalar state /15.21.227 ~ It should be taken
into account in describing within the o-model such processes as #—n scat-
tering, pion polarizability, etc.”/10b.15.22/ | This meson has the mass
in the range 700-900 MeV and a large decay width into two pions,
which makes its detection very difficult. Therefore, in formula (10)
one should take into account its width/15/ (m?2 2=m? 4 4m2)

Iy (@) =@Z/2m ro)(mi/F”)z[l-(zm”/m JEIVE. (11)

The remaining scalar mesons have considerably smaller decay widths.
Therefore, the width will be taken into account only for the f 0(700)
meson.

Note also that the f (975) meson mamly consists of strange quarks
and only a small admxxture of u and d quarks favours its decay into
two pions with a relatively small width (26 MeV)/17/ . With allowance
for experimental data on the decay of this meson into two photons 723/

‘l—f -»yyv= (0.24 +0,06 +0,15) keV (MARKIT); =(0.31 +0.1410.09) (Cryst.Ball).
° :

one can introduce the coefficient ¢ = 0.07 in formula (10) and to estab-
lish that the influence of this resonance on the decay K;- %y is
insignificant. Thus, in further calculations it can be neglected.

The contributions of contact diagrams in the amplitude (10)
almost cancel out and scalar mesons give decisive contributions to the

total decay width, K; - »°yy , commensurable only with the contribu-

tion of the channel K, - n° %7 7%y /2,9/

@ 2oty | 1.3.1071%ev 9= -18°
m, =730 Mev "1%1%

»7° -—
Kp»myy 09-107%ev g--200 o

c) Mesons Loops

Following paper/?/ we give expressions for factor A of the
K, +rntn” » s%yand K, > ©°K'K™ s #%y amplitudes
A™B_51aG 5 ¢ ¢ /v2al(1-m2/s) F(s/m?) -(1- (M2+m§>/s)F(s/(1M22))]
where the loop function F(z) can be found in/2/. The amplitude (12)
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leads to the decay width

(m K
rex
KL—)ﬂ Yy

-0.86-10 *%ev,

The total contribution of the amplitudes (10) and (12) to the K» 7°yy
width are (with allowance for the width of f (730))

3.9.10 ey 3.07-1078 g-_18°
= -— M > O =<
I—KL~m°yy =1 33.10 ey * BEL ") =264 .1078 g_20°
m, =730 MeV.
If for the mass of f, one takes the value 800 MeV we obtain 0

-14 -8
18.0.107 eV 2.3-10 G=-18°
r = ; BrK, »2%y)=
K™y 7] 2.5.10" Hev L 2.0.1078 §-_20°
mge =800MeV.
Finally, if the meson fg is removed from (10), we get too fow values

for the K ; » #°yy width

L 0.75.10 1"‘ev g =-18°
o = -1
Ky>myy 0.8 -10” %V =-20°,

This fact may be considered one more important indication to the
existence of a light scalar resonance with a large width.

We wish to thank S.B.Gerasimov and A.B.Govorkov for useful
discussions.
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