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1. Introduction

In the note, electroweak decays of kesons: KL,S¢2)/ and K-2%
are considered1),’1‘he decays KL’S* ZXand K -+ 2% are due to both
electroweak and strong low~energy interactions, For describing weak
interactione we use an effective Lagrangian obtained in [2] . In
terms of this Lagrangian weak vertices take the form of four-quark
operators, the structure of which is defined by the Standard Kobayashi-
Maskawa Model (KM) [3]with,the account of the QCD-interaction.Matrix
elements of four-quark operators ere due to low-energy strong inter-
actions, Feynman diagrams of matrix elements contain strong quark- .
-meson vertices and divergent quark loops, For describing strong
quark-meson vertices and quark loops it is convenient to employ the
Chiral Quark-Loop Model (the CQL-model) f4,5] . Matrix elements of
four-quark operators can be expressed in terms cof square- and loga-
rithmic~divergent integrals
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where A is a cut-off parameter, and M“(l';'é/,a/,é‘) is the maess of a
constituent quark i. In the CQL-model A =1,25 GeV, =My =
20,28 GeV and /’?5 =0.46 GeV, With the help of these parameters

one can calculate both all strong low-energy coupling constante of
four meson nonets (scalar, pseudoscalar, vector and axial-vector) and
such important characteristic%_Lof strong low-energy interactions of
mesons as scattering lengths, Slope parameters, electric radii and so
on. The employment of the CQL-model for describing low energy strong
interactions in decays KL,S-rZ{ and K+2%  does not result in new
low-energy parameters, Emphasize that in the calculation, the rela-
tionship I,(mu)/m:Iz(mul #¢,)=8 is employed,

1)The wave-functions of KL and Ko mesons are connected with the wave-
functions of X° and °mesofls in a standard manner [1] .
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The effective Lagrangian of weak interactions takes the form

[2]
QG,
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whore (Gr/lZ)S,C,Co= 1. 225106 GeV, S =3 nb, Cr=038 (1'=7,3)
are KM-matrix elements [3] , and Qi(i=132,3,5,6) are four-quark
operators:
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a,b=1,2,3 are colour indices, The effective Lagrangian (2) satisfies
the selection rules:[AS| =1 , /JAT/= 7/2 and JAT)=3/2 ,
where S and T are strangeness and isospin. The [AT )=3/2
are carried out by the four-quark operator

O/AI/=3/,_= [5G4 Lo (73 De] - [S, 4 (1-5)e, ]
AR (1020l T+ I YOS Da ][ B (-4 Dele ],

that is contained in the Q1 and Q2 operators with factor 1/3 [2] .

The remaining part of Lagrangian (2) leads to the /AT /=7/2. transi-
tions,

transitions

It should be noted that the coefficients for the Qi—operators
in the effective lLagrangian desoribing weak interactions in kaon
depays depend on oly (/) , where ofg (A¢) is the QCD- coupling
constant for three quark flavours [2] , and A/ is the normalization
point. In the effective Lagrangian (2) the coefficients are calcula-
ted for &g (#{)=17  that corresponds to A&/ =0,24 GeV, In ge-
neraly o{g () is a free parameter in the CQL-model., The choice

e
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is explained by the fact thet only for C(S(}4)=‘7
and K«2J7

os(m) = 1
one can agree the theoretical veues of decay Ky,o2 ¥
amplitudes with experimental ones.

The paper is organized as follows. In Sec,2 decay KL,542)“
amplitudes are calculated. Sectipn 3 is devoted to the caslculation
of decay K+2 0 amplitudes that are due to JAZ/=3% transitions.
In Sec., 4 decay K+2 ¢7” amplitudes that are due to /AT /=7/2 transi-
tions are calculated, In Sec, 5 we discuss the results obtained.

2. Decays Kjig=r2 ¢’

In the CQL-model decay KL,S*23” amplitudes are defined by con-
tadct end pole diagrams in Fig, 1. Pole diagrams are due to the exchange

of pseudoscalar mesons ﬂrzt?, ?" and scalar meson & (700),
¥ ¥
KL
& (¥00)
Kg X _
x‘
e .
qf Fig.1, Contact and pole diagrams, defining decay KL'S*QEN amplitudes

Within the CQL-model accuracy (15+20%) the contact-diagram contri-
bution can be neglected with respect to the pole diagrem one L¥] .
To calculate the pole diagram contribution , consider quark
diagrams determining matrix elements of four-quark operators between
states KO and X (where X= 77 °, ? , ? “or &£ (700)), (Fig.2).




Fig.2, Quark-diagrams, defining matrix elements of KOoP and K0+€,

transitions, where P= 77, 'Z and 'Z’

Write down the result of the calculation:
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Here Qg is a singlet~octet mixing angle of pseudoscalar mesons,

L6= 1z, =0 0I3Ger, L=/ 75K ard fg = /22 are PCAC

(Partial Conservation Axial Current) constants of 7" K -meeons
and a pseudoscalar state containing only strange querks, In the QCL-
-model oonstants Fg- , FK and Fe are defined by the formulas[‘{]:

o 72
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where Z -0 ¥7 1s the renormalization constant of O -meson wave-—
functions, that is due to nondiagonal 01t transitions (1 ia an
axial meson). The constant % is identical for all components of 0O -
-meson nonet [8] . The theoretical values of PCAC ‘oonstants are in
good agreement with experimental datai F’ =(0.09324 ¥ 0.0013)

GeV and Fp/F, =1.17 20.01 [1,9] .

The parameters 2, P’ andfare defined by the sxpressions:
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Table 1.

Numerical values of matrix elements of Qi-operators

K0 7° k0= 5 k0—s %’/ Ko &

Q A

1

in units by<wO, [KO> =3.5x107  Gevt

Q4 | 1.0 " 0.8 0.6 0

Q, | 0.3 . 0.3 0.2 0

Q -0.3 | 0.4 3.3 0

Q5 17.0 3.8 -37.0 123

Qg 51.0 . 13.0 -104.0 168

=

1 '

Fumerical values- of Qi-operator matrix elements ere presented in
Table 1. Matrix elements of x° -o'?,?’ transitions are calculated
for Bp = =219 (( 8, " a-17.3 ¥ 3.6° 107 ). It should be
noted thet matrix element of the K° -»}? transition strongly
depends on the quark-mass difference and 5£ mixing angle. For
example, for a fixed quark-mass difference the variation of 9[

by three degrees ( 98 = - 180) almost twice changes the matrix ele-
ment of K -o'z transition, The same strong variation takes place
for a fixed mixing angle and a variefion of quark-mass differehce.
Such a strong dependence can be expleined by the fact that the cont-
ributions of quark-components (Tu+dd)/vZ end Be are subtracted in
the Ko f"? transition matrix element, The contributioris of these
quark components are of the same order, that is why, a slight vari-
ation of one -of them leada to a signifi¢cant variation of their diffe-
rence, In the Ko -v'zltransition matrix element the contributions of
quark-components (Wu+dd )/\FZ- and 8s are added so, the influence of
their variation is not so esaential.

The choice 9 --21 * i8 agreed with experimental data on two-
-photon decays of '2 7 -mesone. For ¢9£ ---210 partial widths of
decays ? —> 2¥° and 2 Y© , calculated in the CQL-model,
ere in good agreement with experimental data:

Peary= G [l b - A oy )] (2
o = FrxeV,

o —
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Let us write down asnalytical expressions for decay KL' -r2y“ ampli-
tudes:

A (ké—’o‘lby)r' '%‘(GF5{C{CZ> {/ﬂ'z !

£3 <7ref Q/AS[.:{ JK>+

+ 5 [530n (85 8p)- FIcoy(ﬂ 1,)] <7/0,,_,5,, )R> +

3[5coa(80-92)+r—44m/% ﬂ,,;a-—;l O Ry )K=

= 3. 3xfo IGen", (9)

! Brasy=y K0S
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L 4B Oic) = 4.0x 10 x CO3E, (o) renp 8y (7)) Gew "

(10)
Here @/AS/ I’ ZC 01 y Mg =OF3Ges’ is the mass of & -meson,
5; e (Pyc) = azctg[m,(/e(n&.)/pn&_m,g)]-:/s«and /5 () = /Gen’' is
the partial width of decay & — 2 ¥ of the virtual & -meson
with energy my [4,13] 2), The theoretical value of A(&"o?f‘)
is in good agreement with the experimental one:

|ACK, =), —(3 1820.14)x70 T Gen/ ;
(1)

satisfies the experimental constraint:

the value of A(Ks =2 ),
IA(Ks*’o?J)/eﬁ, < ®xr08Gev 1]

@I 19N Ty P12 - $7H 0753 )- 7Gelfwhere Y47, 3=
= ?m[)n‘yl‘;r "% GWK &f’/(”)"() =1+ % 5"’})/(4/“ g )B=r 75 Bve

respectively the coupling constant and form factor of decay
€ —» 27 of the virtual & —meson with energy M, [:1 1 .

expo e ?’[mx).



3, 18T /=3/2

transitions in decays K#2%,

The effective lagrangian, satisfying the selection rules JAS}=1
and |[AT | =3/2, takes the form 1137 ¢

18T/=% ¢, .
o‘C = Sc‘(“x@.ax@/ﬂ/.s/
o TGS e (12)
An amplitude. A%(K-—Pa?yr_) is proportional to a matrix element
L7/ &/AI/__% JKED:

ARK—25) 2359010 AT | Qipz =35 /KD (Gew )™
(13)

In the CQL-model matrix elements <M/Q/AI/=% /K>  are defined

by contact quark diagrams in fig.3.
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Fig.3. Contact quark diagrames, defining matrix elements

'<2WIC?MI/_-:/1///>,

As a result of the calculation we get
ST Qiary=s | K°>=~Ya lnome] @,AI,_.% ) KOS =
= BB LT797°) @) pgynsy | K*D,

(14)

wzgiiro .8 2 1A R
IO Qraz =y K= s e [1 - () (0 g )-

_(g_{)(%-ilj[f—,f’”_‘z/gj)j:-t‘x 6.‘537/0-'7(691/)? . (15)

Numerical values of amplitudes and partial widths of decays K+25~
that are due to /AZ/ =3/2 transitions are presented in Table 2.
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Table 2.

Numerical values of amplitudes and partial widthe
of decays K-+2%~ .

THEORY EXPERIMENT
Decay A I=3/2 transition A I=1/2 transition
A r A r A r
K*'>o 70 | 2.33 | 1.80 0" 0 1.84| 1,13
ko> 7~ | 1.10 | 0.40 30.0 297 27.7 | 253
050 70 | 2,20 | 0.80 | .30.0 149 | 26.3 | 116

Here A is the absolute value of decay K+2 %~
1078 GeV, and [
10717 gev.

amplitude in units
is a partial decay K+2 7 width in units

4. /AI/ =1/2 transitions in decays K-+27", '

}‘651781/2 transitions take place in decays K° +9" 3~ and
+97 7~ . The effective Lagrangian of weak interactions describing
[A-T_/ =1/2 transitions, can be obtained from (2) by subtracting (12):
Z /AI/=//1

e,

/AT /=%
" Lot Logy ‘é%" s

k°

* &iazse 1

. (16)
The decay KO 92 ¢i~ amplitudes are defined by contact and pole diag-

rams, The main contribution comes from the pole diagram with the

scalar & (700)~meson exchange. Within the acouracy of CQL model

the contribution of contact diagrame and pole diagrams with other

resonance exchange can be neglected as compared to the & -meson one.
The matrix element < & / CP/A-T/—"/Z//(D) is connested with the

matrix element < &) Pg /AOD by the equality:

CEIR pziory IHO> = 009 <E | R IKO>=~1'x2.2x 10 Y Gew)

17)
Decay K0-29'i’ amplitudes that are due to /AX ]/ =1/2 transitions

take the form [137




A//Z(-K -—97’*?"‘) A(/?[X _éf‘?_o)_.__d_sf ijﬂ__g—/i{i;//%)
s <

-%ff‘s’(mw-cmbfmm CEIQazjerh IKO> =

=='x3.0x 10 ﬂeﬁﬂz V'GQ@V)

Ej/a = 8¢ (17¢)=67.41s the amplitude A

(18)

1/2(}( +2 &) phase,

where

In the standard parametrization amplitude decay K42 &7~

ErO and 8; [14] that are

T 91" -interaction in states with I=0 and I=2
respectively. The phase > 1/2 of the amplitude A1/2(K0w257) should
be compared with the phase by o However, there are experimental data
only for the quantity: (& S’ =565 ¥ 3. 0° [15] that is ext-

‘racted from experimental data on decays K+2%” . That is why, taking
into account that a value of 8/2 is small as compared to Efo , it 1is
possible to compare 1) 1/2 with ( & -

that the theoretical value O /p=61.4

phases are parametrized by two phases
determined by strong

E;L ). It ie easy to see
agrees with the experimental
one,

Numerical values of amplitudes and partial widths of decays
K = &% , that are due to /AT /= 7/2 transitions are presented
in Table 2.

5. Discussion

The obtained theoretical values of decay KL‘S'E Yy~ 'and K+2 9~
amplitudes confirm the phenomenological rule */A 7/ =1/2. The account
of the QCD-interaction in effective Lagrangian (2) plays ean essential
role for strengthening /A I/ w=1/2 transitions. The main contribu-
tion to matrix elements of Kowx trangsitions, where X= 7 °, 2’, ;7’

or £ (700), comes from Qg-operator matrix elements., The appearance of

the Qg-operator in effective Lagrangian (2) is due to a diagram of the
"Penguin" type defined by the W-boson and the glueon exchange [16] .

In the decays KO’ZQTthe strengthening of [43JT'/ =1/2 transitions
is due to the scalar meson & (700) exchange. The dominance of .£ -
-meson is not surprised. In the CQL-model the & -meson exchange
plays an important role for desoribin& many decays (for example,
2> QXF, p(%’)—> 37 ) and such important low-energy characteris-
tics as scattering lengthe and polarizabilities [17]

It should be emphasized that matrix elements of four-quark
operators cealculated in the CQL-model do not contain new low-energy
paraﬁeters. For describing e%rong low-energy interactions in kaon
decays sufficient are three parameterss A =1.25 GeV, mdrmu-O.ZB GeY

'

10

and mB=O.46 GeV, In our calculation the sole free parameter is
a normalization point _Af/ , or accordingly CKPC/J)
ce of a normalization point is due to the account of QCD-interactions
for obtaining the effective Lagrangian of weak interactions. We choose
0‘5(F4)= 7 which corresponds to~ﬂ4=0.24 GeV.In this case theore-—

. The appearan-

,tical values of kaon decay amplitudes can be agreed with experimental

values within 30% accuracy.

In oconclusion let us discuss decays K434~ . Since the energy-
is sufficiently small(of an order of 0.025
GeV per one decay particle), the soft-pion approach (low-energy limit)

release of decays K-3 9

is a good approximation for their description. In the low-energy limit
decay K+3 7 amplitudes can be connected with decay K427 amplitu-
des [18] :|Ak*aln * 7 ) ARRR) A ST ), 1A (K =28 %) [F k) [AeSmap e,

In this approximation one obtains
GbZK‘ 49

r¢ K*-bzr*z-) , ,

oS po g At
/7(}(0"’7".7—) 54’7’ ’?MK (m'z QM()V24S zS//.?_ s 4”#)’?

477,

7 £
[P - Jf._s]/’[(m,dm ‘ls]'?:/.zfx/0“3
/7[/(7”07}"*.7) 4 /7 (K "2 505+ ) = ‘?0/\’/0 GW

(19)

The theoretical values of decay K+3 g~ amplltudes agreed with '
experimental values:/(K™>Z57 5= (3. 9811)0.?))(/0 Gwand f'//(*-é
»>2x07t)= (2922 00%)x10 BGev 117 .
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Bonkos M.K., WeaHos A.H., Tpouykan H.U.
KupanbHaa Mmopgens ksapkoswx netens
u npasuno Al = 1/2 B pacnagax KaoHOB

£2-86-41k

PaccMoTpenn cnabue pacnagsi kaoHos: K » 2y, K+ 27 u K -» 3#, [laHo Teo-
peTuyeckoe nNoOATBepxaeHue deHomeHonorudeckoro npasuna Al = 1/2. Ana onuca-
HuA cnabux B3aMMOREMCTBUI MCNONb30BaAH IPPEKTUBHNN NarpaHiMaH, HaMAeHHHH 8
ctanpgapTHoi Mopenu Ko6aswu - Mackasw ¢ ydeTtom KX[A~B3aumopeiicteua. Cnabue
BEpUWUHN MMET BUA UYETHPEexXKBApKOBWX onepaTtopoB. Huaxo-aHepreTuueckue MaTpuu-
HH@ JNEMBHTH YEeTHPEXKBAPKOBHX ONEpaTOPOB BHUMCINEHH B KUpPanbHOM MOAenn Keap-|
xkopux netenb /KMKN/. B KMKM amnnuTyam pacnagoB ornpegeneHsl KOHTAKTHLIMA W
nonocHLMA AuarpamMmami,. flocnegHue ofycnoeneHs OGMEHOM NCEBROCKANAPHLIMA ME3O-
HaMW 0 ,n K N’ M CKanApHLM Me30HOM ¢ /700/. B npeAdenax TOUYHOCTM Mopenu
/15+20%/ BKNAAOM KOHTAKTHHX AMarpaMM MOXHO npeHebpeub MO CP3BHEHUO C BKNa-
AOM NONCHWX AMarpamm. OCHOBHOM BKAag B HWU3KO3HEPreTUUECKWE MaTDUUHHE 2ne-
meHTw nepexogos K® » X(X = #% 7 ,'n° unu ¢ (700)) panT MaTpuuHse 3neMeHTH
NuHrouH-onepaTopa Qg. TeopeTuyeckue 3HaYEHHA aMmnNUTYA pacnagos K » 2y,

K+ 27 un K » 37 cornacyoTca C 3KCNepuMeHTanbHeiMi C TOYHOCTb A0 30%.

Pa6ota suwnonHeHa B JlabopaTopuu TeopeTudeckon ¢uaunku OUAU.

TNpenpinr OGbemHeRHOT0 HHCTHTYTa ANEPHBIX Hccnenosaxuit. llyGua 1986

Volkov M.K., lvanov A.N., Troitskaya N.1I. E2-86-414
The Chiral Quark~Loop Model and the Al = 1/2 Rule in Kaon Decays

K+ 2y, K~ 27 and K » 37 kaon decays are cohsidered. A theoretical
groundwork is given for the phenomenological (Al) = 1/2 rule. For descri-
bing weak interaction the effective Lagrangian has been obtained In the
standard Kobayashi-Maskawa model with the‘account of the QCD-interaction.
Weak vertlces take the form of four-quark operators. Low-energy four-quark
matrix elements are calculated In the Chiral Quark-Loop Model (the CQL-mo-
del). In the CQL-model decay amplitudes of kaons are defined by contact
and pole dlagrams with exchange of pseudoscalar #°,7, n° -mesons and sca-
lar ¢ (700)-meson. The contrlbutlon of contact diagrams, as compared to pole
dlagrams, can be neglected within the CGL-model accuracy (15-20%). The main
contribution to low-energy K°-X transition matrix elements (X = #°, 7, 3*
and ¢ ) comes from Penguin operator matrix elements. Theoretical values of
decay K + 2y, K+ 27 and K » 3» amplitudes are conslstent with experimen-
tal data within 30% accuracy.

The Investigation has been performed at the Laboratory of Theoretlical
Physlics, JINR.
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