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Explanation of the effects arising in the nonleptonic processes
with AS-‘!,‘Z is one of the problems of the standard model. The main
difficulty consiats in the description of the weak and strong in-
teractions at large distances. At present, it is common practice to
study this problem by using the weak effective Hamiltonians 1 ob-
tained from the Weinberg-Salam model by taking into account the

luonic corrections due to strong interactions at small distances

2’3/. In the four-quark scheme the effective Hamiltonians are
]
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wnere Ur is iue Foswl cunobtand, v is iho Czobilkbtc angle, M is

the € -quark mass; O: in (1) and 0‘3:2 in (2) are the local
four-quark operators 2,3/, The coefficients C: in (1) and in (2)
are calculated by the perturbative QCD methods and are defined by
the W-boson and ¢ ~quark masses as well as the QCD parameters 1‘4
and o(s/2'3/.

The main problem when using the effective Hamiltonians (1), (2)
is the calculation of the matrix elements of the O-operators. As
the theory of strong interactions is incomplete yet, the calcula-
tions of these matrix elements need various models to be used/4/.

Among the effects arising in nonleptonic processes of parti-
cular interest is the K‘_, K, ‘meson mass difference equal to am®
= (3.52%0.014)-107%° Gev/%/, 1t 1s known’' that this mass ditfe-
rence AM,is related with the matrix element of the K?K® transi-
tion by & mg = Re M(K>K°) /2 mx , .

As a rule, am,; is represented in the form of &M, -—am‘hm‘”
16/ where AM®® is the K:, K_g meson mass difference calculated by
means of H as:2 (2) (the contribution of "small" distances), and
am'® takes into account the contribution of "large" distances.
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The results for Anf“ obtained in various models are usually
compared with the result of the so-called vacuum saturation method
and are characterized by the parameter

AS:=2

B = <K \H:;;z K> /< K| qu {K"Dvac .

The B -factor has been calculated in various approache5/8'12/. It
was found that the results essentially depended on the calculation
methods. The "large"-distance contribution is characterized by the
parameter D=am®/am, 6/, 1n /9 Am'® has been obtained
from the calculation of matrix element being the product of two ope-
rators F‘ﬁi;i . It is stated’'?’ that the way of taking into ac-
count "large" distances is equivalent to the calculation of the diag-
ramg with intermediate states. This program has been realized, for
example, in refa./13’14/ where the one~, two- and three~particle in-
termediate states were considered by using the dispersion relations.

Unfortunately, this consideration is connected with large theo-
retical uncertainties; therefore, the value of D changes in the
wide intervals: D =0.1%0,41 in 713/ ana D =-242.8 in 7

Thus, the calculation of the mass difference &AMy by taking
into account the contributions of both the "small" and "large" dis-
tancea ia A gond echerking for any mndel that oclaime the decoripii

igticn
of the low~energy hadron processes. One of these models is the quark

confinement model (QCM)/15/ based on the definite assumptions of con~
finement and hadronization. A wide range of the low-energy phenomena

has been described in the framework of this mod91/15’16/

The nonleptonic decays of kaons have been considered in our
paper/16/. The widthe of the decays KI »Z'%~, K™ 7'F° and
I<‘s » yy have been calculated by using the effective Hamiltonian
(1). It was found that the intermediate states, particularly & (730)-
meson, were very important for the description of these decays.

This paper is devoted to the calculation of the K%, K; meson
mass difference. As usual, the contribution of "small" distances is
taken into account by using IJ::?Z and of "large" distances by
using the intermediate states. The interaction Lagrangians of the
mesons with quarks underlie the QCM 715/

L - Ma? A G-

Here, Mq are a meson fields with quantum numbers (@ and masses /Mg,
QQ are the meson7?g7rk coupling constants determined by the compo-
piteness condition , the matrices lq, Aq provide the necessary
quantum numbers CQ .

The model parameters are lﬁf characterizing the confinement
region of the quark with flavour £ . They are chosen by fitting
over the main decays of light mesons and equal Ay =A4=A=460 NeV,
ANy # 506 MeV. The auxiliary parsmeters characterizing the scalar
mesons (H= 0.27, &= 270, M= 730 MeV) are determined by the low-
energy theorems

The matrix element of the transition <KUVHegs 1K™ 18 defined
by the diagrams of Pig. 1 and 1s written in the form

as:-g
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Using the Pirtz transformation/1/ we' have after the standard calcu-
lations 15 H

AS‘- - J‘K 1 H 5—-——i—-..—':' =
Towe [ jﬂ/ t"”m" (143 AAd-tmr)ﬂm

8 n7z 2
=z =Mk .
3 2
Integration over c{ﬁ} in (3) means averaging over gluon vacuum
which provides thg quark confinement /15 « The decay constant f}

in the QCM is written as
Ug
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Here, a(U);B(AU are the confinement functions shown in /15/. The

following notation is introduced: _A:‘= -’\—i;'\—ﬁ ;3 A= I/\“;ﬁ;;\\;———j
2 . ) s
MA,:V??if:_T_ . The numerical value of j% in the QCM is equal
to 160 MeV. As it follows from (3) our result coincides with the

one of the vacuum saturation method, i.e. B=1,
We use the values M:0.45 GeV,dy: 0.55 fixed in /16/ tor the

calculation of 2, . As a result, we have

am®™ o 2,26 - 10715 gev. (4)

One can see that this value is 69% of the experimental one. The
"large"-distance contribution Afntpis calculated by taking into
account the diagrams with intermediate one-meson states by analogy
with 719/

Unlike/10/ we take into account not only ‘the pseudoscalar me-
HONB VUL BM1IBU LUE BSCHIHL HOU 4Xidl ones uding tue caperlucuial values
of the mixing angles and meson masses.

The diagrams of Fig, 2 are to define the matrix element

Muo (k0+R?) = T D (M) [ M(K*>x)]?,

where [) Uﬂ.) are the full medon propagators/15/

M (K°sX) = GF Sin B LuQcZ:C Tix .
Here

T = [ffd dI, dy e b5 B3 o) T (1)L (2,) 04y)) 10> -

;
where C;, 0; are the coefficients and operators as in (1), Trx
are calculated in a standard manner /15/. Using the set {G} fixed
in /16/ we have the following value for am'®

am®P - 1 45.107° GGV - 5)
The relative contributions of the intermediate mesons to am*®

are shown in the Table. One can see that the main contribution is
given by the ﬁ:q‘e ~Nesons .

Fige, 2

Table

peeon |z [ 5o | |l e | s |al a

Relative
contri- -0.,253|0.545|0.017 | 0.346] 0.051} 0.05 | 0.085 | 0.075]| 0.086
bution

™
)

Summing up (4) and (5) we finally have
AM, = 3.71 « 10717 gev -

This value coincides quite accurately with the experimental one/S/.
The value D) =0.41 is close to /9/ .

Thus, the matrix element of the K’- K® _transition and the re-
levant K7, i(% meson mass difference are calculated in the QCM,
It is found that the P -factor is equal to 1.

The contribution of the diagrams with intermediate meson states
taking into account the "large" distances is found to be 41% of the
total value. The obtained result for &M, is in good agreement with
experimental data.
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Apaxkst E.3. u gop. £2-88-518
0 pas3itocTH Mace Kg- H Kg-Mesouon

llokasaHo, 4TO sKcnepHMeHTalbHOE 9HaueHHe PAIHOCTH Macc
Kg- H Kg—MeQOHon MOXeT O6mTh OOGBACHEHO B paMKax CTaHzapT—
HOMt MOJeNnH IpH yueTe NPOMEXYTOUHBX MESOHHBIX COCTOSHMH,
sdbeXTHBHO YuHTHBawmMx Bkiaan ''Gonwumx" paccrosnuit, CooT-
BETCTBYWNHE pACUeTH TpOBeNeHH B MOOenH KOoHbaMliMupOBaHHBIX
kBapkoB. Oxasanock, uTo BkJam ''mamex" paccrosumit AmSD =
=2,26-10‘15 I'sB, Bkunap "6Gonsmux" paccrosmuit AmLD=1,45x
x10°1% I'sB, a ux cymmapuoe snauenmue, Am ¢ =3,71+10"16 TaB,
XOpOUO COrJIACYeTCA € 9KCIePUMEHTANIbHBIMH JaHHBIMH .

PaGora BbmonHeHa B JlaGopaTOpHMH TeopeTHHYecKOl GH3HKH
OHAH.

Tpenpunr O6BexHHEHHOrO MHCTHTYTA AREPHEIX Mccenopanuit, y6ua 1988
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To the Kg, K9 Meson Mass Difference

The experimental value of the KD, Kg meson mass dif-
ference is shown to be explained in the standard model
by taking into account the intermediate meson states,
which effectively accumulate the contribution of large
distances. The calculations are performed in the quark
confinement model, It is found that the contributions
of "small" and "large" distances are equal to AmLD=2,26x
x10°1® Gev and AmSP =1,45:10°!® GeV so that the sum
Am, ¢ =3.71+10"16 GeV is in good agreement with the expe-
rimental data. :

The investigation has been performed at the Labora-
tory of Theoretical Physics, JINR.
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