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1 INTRODUCTION

At the present time, the theory of electroweak interactions, has a status
of theory which is confirmed with a high degree of precision. However,
some experimental results (the existence of the quarks and the leptons
families, etc.) did not get any explanation in the framework of the
theory. Omne part of the electroweak theory is the existence of quark
mixings introduced by the Cabibbo-Kobayashi-Maskawa matrices (i.e.,
these matrices are used for parametrization of the quark mixing).

In previous works [1] a dynamical mechanism of (uark mixing by
the use of four doublets of massive vector carriers of weak interaction
B* C* D* E%, ie., expansion of the standard theory of weak inter-
action (the theory of dynamical analogy of the Cabibbo-Cobayashi-
Maskawa matrices) working on the tree level, was proposed.

This work is devoted to the study of K0, K oscillations in the the-
ory of dynamical analogy of the Cabibbo-Cobayashi-Maskawa matrices.

At first, we will give the general elements of the theory of dynamical
analogy of the Cabibbo-Cobayashi-Maskawa matrices. then the K% K°
oscillations will be considered in this theory.

2 The Theory of Dynamical Analogy of the Cabibbo-
Kobayashi-Maskawa matrices

In the case of three families of quarks the current .JJ# has the following
form:

d
JH = (uct) "V | s (1)
b
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where V is Kobayashi-Maskawa matrix [2].



Mixings of the d, s, h quarks are not connected with the weak in-
teraction (i.e., with W%, Z? hosons exchanges). Froni equation (1) it
is well seen that mixings of the d, s,b quarks and cxchange of W+, Z¢
bosons take place in an independent manner (i.c.. if matrix 17 were
diagonal, mixings of the d, s, quarks would not have taken place).

If the mechanism of this mixings is realized independently of the
weak interaction (W=, Z° boson exchange) with a probability deter-
mined by the mixing angles #. 3. 4.4 (see below). then this violation
could he found in the stroug and eclectromagnetic interactions of the
quarks as a clear violations of the isospin. strangeness and heanty. But.
tlie availeble experimental results show that there is no clear violations
of the number conservations in strong and electromagnetic interac-
tions of the quarks. Then we must counect the nou-conservation of the
isospins, strangeness awd beanty (or mixings of the . s. b (quarks) with
sowe type of interaction uxings of the guarks. We can do it intro-
ducing (together with the W=, 79 hosons) the heavier vector hosons
B*,C*, D*, E* whiclt interact with the d.s. b quarks with violation of
Isospin, sfrangeuess and heauty.

We shall choose paranietrization of matrix 1 in the form offered by
Maiani [3]

( H 0] 0 ( [T 0 S5 j(‘Xl)(—/l(g) «p S 0
b= ( Moo 0 1 0 —sy o 0
VO =Sy e —sgexp(id) 0 I 0O 01

vy = <05l sp = siuf, exp(ié) = cosd + isiné. (2)

To the nondiagonal terms in (2), which are responsible for mixing of
the d.s.1- gnarks and C'P-violation n the three matrices. we shall
make correspond four doublets of vector bosons B . CF. DY E* whose
contributions are paramectrized by four angles #.,3.~ .4 . It is supposed
that the real part of Re(sy;exp(id)) = s;cosé corresponds to the vec-
tor bosonn C* | and the imaginary part of Iin{syexp(id)) = sysiné
correspouds to the vector boson E¥ (thie couple constant of E is aun
hnaginary value !). Then, when ¢? << - . we get:
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Concerning the neutral vector bosons BY, C'. D" E'. the neutral
] 7 ’ ’ .
scalar bosons BY,C"% DV E%nund the GIM mechanism [4] we , can
repeat the same arguments which were given in the previous work [1].
The proposed Lagrangian for expansion of the weak interaction
theory (without CP-violation) has the following form:

Li =13 gi( J"AL + cc), (5)

where J+* = J’i,L'YaT‘pi.L?
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The weak interaction carriers Al which are responsible for the
weak transitions between different (quark families are connecred with
the B.C', D bosons in the following manmner:

4! £ 42 43 + .
A, = BR AL - CE 2 - DE (6)

Using the data from [5] and equation (4) we have obtained the

following masses for B, Ct, D* . £% hosons:

mps = 169.5 - 171.8 GeV .

mes = 345.2 + 448.4 Gel' {

-1

mp+ = 958.8 - 1794 GeV |

mps = 4170 < 4230 GeV.

3 Oscillations of Neutral K° K° Mesons in the
Theory of Dynamical Analogy of Kabibbo-Koba-
yashi-Maskawa Matrices

The oscillations of K% K mesons are characterized hy two parametrs:
angle mixing # and lengtli- R or time oscillations 7.

At first, we will consider mixings of K’ mesons and then obtain the
Lagrangian for mass differences of KPR arising for existence of the
weak interaction through B boson violating strangeness. and further
mass differences of K7, K'Y mesons is estimated. In the end. the general
scheme of KO K0 meson oscillations is given.

In the further considerations, for transition from the standard
model to our model, the following values are used for sin#, cosf and

Gpi
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A) Mixings of K. AY mesons

Let us consider mixings of A" A7 wesons,

LY and LAY consist of d.s.d. 5. quarks and have the same mnasses

|
(it is a consequence of the C'PT invariance) hut their strangenesses are
different sp0 = —1.5,0 = 1. Since the weak interaction. through B
Loson exchanges, chanees the straneeness. then the A% A ave mixed,

o el bt
The mixines of &Y mesons can be considered nsing the following
O o la)

. .-
nondiagonal mass matrix of A mesons:
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Since mi. = m¥,. the angle 6" of K K" mixing. or the angle
rotation for diagonalization of this matrix
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heu the following new stares LVCRY arise:

L4 K R = R

Below the C'P-invariance is supposed to be strong conservated (the

L = L) = (12)

consequences which arise of the CP violation were discussed 11 work

[6] ). and then the following decays are possible: (€] parity of K7 is

P(AY) = +1. and of LY is PRy = —1)
R} — 27, LY — 3n. (13)

B). A Lagrangian for Mass differences of LY. K Mesons and Esti-
mation of the Value of this Difference

If the masses of AV, K'Y mesons are the average value of Lagrangian
L (the evident form of L will be obtainned below) then:
m? =< KY|L| LY >, mi =< KV|L | KD >, (14)
and. if to take into account equation {12) then:

mi —mi =< KV | LI K" >+ <R[ | K > . (15)

The calculation of the value Ay = iy — iy will he executed in the
framework of the weak quark interactions using the following diagram:

S u, ¢ (1




where B is a boson changing the strangeness: «. ¢ are quarks (for simn-
plification the t quark is not taken into account},

We do not give here the details of the calculation on this diagram
since they were widely discussed in literature [7.8]. Using the standard
Feynman rules for the weals interaction (after integrating on the inside
lines. twice using the Firtz rales and without the outside momenta), we
obtain the following equation for the amplitude of A7V — KU transition:

I S 9
_C;'pnzfsnz"f)rf()s'“f) -

MK — K = 7 dQsdQ"s = (16)
872 \
= GdQ,sd()"s.
where G = (Ji”ﬁ;';’;w Qo = Vol — 75) .

Then, the Lagrangian for this process with changing the strangeness
on As = -2 is:

Las=—y = =GdQ,sdQ" s. (17)

and the Lagrangian with As — +2 is Lagrangian conjugated by Ermit
to Lagrangian (17).

Using equations (14), (15) and quark Lagrangian (17), Am is com-
puted.

For this purpose the following phenomenological matrix element is
used:

<0]dQ,s | KO >= O frpn. (18)

where p, is four-momentum. @ 1s the wave function of ' meson and
fr 2 1.27f, . If to take into account that the (uarks have colour, then
there appears the factor (1 + %)



So, the following equation for matrix element of L is obtained:
KO\ L Y s Bgne g2 19
L ! PN >= g 7'”1’\'fl\" (19)

For the full matrix element of L. when also the inverse process
K% — K% is taken into account | the following equation is obtained:

. . . . 16 ., ., .
KL AK">+ <R | L| A" >= E—Gm;)\vjf(.
and then for masse differences:
. ) 16 .
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or
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Am= () — my) = Gm/\ f,\ (20)

If to take into account equation (8). rhe‘n the cquation (20) for A is

/

rewritten in the following forn:

1 mh
Am = — S I m(‘)( — Ay /B )

2 :
9% 1 ‘/u = (//z (21)
)67 ml !
i.e. Am is inversely proportional to the mass of B hosow. the carrier
charging strangeness, in the fonrth degree

1
Am ~ —-.

mh

TIn the general case we obtain: the heavier mass of the carrier chang-

ing the strageness, the less is Am:
L
4 -
o~ Ny, (22)
A B '

or the heavier mass of the carrier chauging the strangeness, the more is
the time (the length R) of oscillation:

T~ R= 1o, (23)

where v is the velocity of the oscillating particle.



The 17)?\.,,,\.(, m {9 and (1) or Nov iu (20) chiaracterize the time
of KU e~ A trausitions or the mass value corresponding to this time.
And at trausitions from states K2 K° to states KRS the mass sum
M. + 111?\.,, = mf\»lﬂ + m‘;)\»,_, 1s not changed since the weak interaction is
75 Imvariance interaction and it cannot generate masses [9].

C) The scheme of AV K'Y oscillations

As an example of this oscillation we consider the oscillation of A7
mesons created in the reaction 77 + P2 — A"+ A0 At # = 0 we Lhave
the stare KU(0). then in time £ # 0 for K'(#). if to rake into account
equation (12}, we get L'

. 1 v = , I P , ot
RN(t) = E[(A U—{-[x“)(’.l‘[)(—ll)”fv*%’)—F(]\‘ — L' ,:'/;(-luzﬂ——;— )] =
1. ' . I oL )
= shTerp(=imat)eap(=iNimt — 1) + copl— 1]+ (24)

1 - r |
—}—5[\'()(‘.1'1)(—1'111]i)[(',f'])(i_\zzzf - _‘)L b4 cap{— 7_)11‘)].

From (23) it is clear that on the background of K'Y meson decavs, the
oscillations of A mesons take place [7.9].

4 Conclusion

The elements of the theory of dyvnamical expansion of the weak inter-
action theory working on the tree level, i the theory of dynamical
analogy of Cabibbo-Kobayvashi-Maskawa matrices. were given.,

The equation for mass difference of KL AY mesons or the length
of K% ' meson oscillations was calenlated. In the framework of this
theory the oscillations of K, A" mesons which arise at violation of
strangeness by B hosons were considered.

The general conclusion is: The length of A7 A meson oscillations
is proportional to the mass of B hoson (which clianges strangeness) in
the fourth degree.
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bemroes X.M. E2-98-125
Ocuwuiauuy HedATpanbHeIX K-Me30HOB

B TEOPUH AMHAMMYECKOIO PACLIHPEHHS TEOPHH CJ1a6Goro B3aMMOAEHCTBHA

WM B TCOPHH AMHAMHYeCKOH aHamtorvu Marpuy, Kabn66o-Kobasium—Mackassl

Haiorcs 3neMEHTHl TEOPHH NHHAMHYECKOTO PacIIMpEHHS TEOpUH €1aboro B3aUMONEH-
CTBHA, pabOTAIOIIEro Ha APEBECHOM YPOBHE, T.€. TEOPUM AMHAMMYECKOH aHAIOrMH MaTpHL
Kabub66o-Kobasuim—Mackassl.

0
Briukciieno BBIDAXKEHHE IUIst pasHOCTH Macc Kp-, KZO-MC3OH0B WM 1A IJIMHBl OCLIWI-

N 0
naund K 0-, K "-mezono0B. PaccMarpusawtes ocumwmiaumu K 0-, K 0-MC30HOB, BO3HHKAIOLIUX
NpU HApyWEHHH CTPAHHOCTH B-G030HOM.

OCHOBHBIM pe3yTbTaToM sIBISETCH: JUIMHA OCLMUTALHH K 0-, K %-me30H0B [IpoTop-
UHOHaIEHa Macce B-6030Ha (HapyllawIero CTPAHHOCTE) B YETBEPTO CTEMEHH.

PaGora Bbitonuena B Jlabopatopuu cepxsbicokux aHepruit OUSIM 1 HayuHo-nccneno-
BaTC/ILCKOM MHCTUTYTE NMPHUKIANHOH MarteMaTHKH U aBToMatH3aliu KBHII PAH, r. Hamsuuk.

Coobuwenne OFbeIMHEHHOTO HHCTHTYTA SIEPHBIX McceoBanuit. [lyGua, 1998

Beshtoev Kh.M. E2-98-125
Oscillations of Neutral K Mesons in the Theory of Dynamical Expansion

of the Weak Interaction Theory or in the Theory of Dynamical Analogy

of the Cabibbo-Kobayashi-Maskawa Matrices

The elements of the theory of dynamical expansion of the weak interaction theory
working on the tree level, ie., the theory of dynamical analogy of Cabibbo-Kobayashi—
Maskawa matrices, are given. _

The equation for mass difference of Klo, K3 mesons or the length of KO-,_KO-meson
oscillations is calculated. In the framework of this theory the oscillations of KO, K ° mesons
which arise at violation of strangeness by B bosons are considered.

The general conclusion is: the length of KO-, K %-meson oscillations is proportional
to the mass of & hoson (which changes strageness) in the fourth degree.

The investigation has been performed at the Laboratory of Particle Physics, JINR

and at the Scientific Rescarch Institute of Applied Mathematics and Automation
of the Kabardino-Balkarian Scientific Centre of RAS, Nalchik.

Communication of the Joint Institute for Nuclear Research. Dubna, 1998
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