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1 Introduction

The vacuum oscillation of neutral K mesons is well investigated at the
present time [1]. This oscillation is the result of d, s quark mixings and
is described by Cabibbo-Kobayashi-Maskawa matrices [2]. The angle
mixing 6 of neutral K mesons is § = 459 since K°, K° masses are
equal (see CPT theorem). Besides, since their masses are equal these
oscillations are real ones, i.e. their transitions to each other go without
suppression. The case of oscillations of two particles having the masses
overlapping their widths was discussed in works [3]. Then we discussed
7 + K oscillations in work [4] in the framework of the standard weak
interaction theory.

This work is devoted to the study of 7+ < K2 oscillations in
the model of dynamical analogy of the Cabibbo-Cobayashi-Maskawa
matrices and d, s quark mixings (oscillations).

At first, we will give the general elements of the model of dynamical
analogy of the Cabibbo-Cobayashi-Maskawa matrices [5], then 7 « K
transitions (oscillations) are computed in the framework of this model.
These transitions are virtual ones since masses of 7 and K mesons differ
considerably. Then we will consider d, s quark mixings (oscillations).

Let us pass to consideration elements of the model of dynamical
analogy of Cabibbo-Kobayashi-Maskawa matrices.

2 Elements of the Model of Dynamical Analogy of
the Cabibbo-Kobayashi-Maskawa matrices

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

d
J¥ = (uet);y*V | s (1)
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where V' is Kobayashi-Maskawa matrix [2].

Mixings of the d,s,b quarks are not connected with the weak in-
teraction (i.e., with W#, Z° bosons exchanges). From equation (1) it
1s well seen that mixings of the d, s, b quarks and exchange of W#*_ Z°
bosons take place in an independent manner (i.e., if matrix V were
diagonal, mixings of the d, s, b 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 6,8,v,6 (sce below), then this violation
could be found in the strong and electromagnetic interactions of the
quarks as a clear violations of the isospin, strangeness and beauty. But,
the available 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 connect the non-conservation of the
isospins, strangeness and beauty (or mixings of the d, s, b quarks) with
some type of interaction mixings of the quarks. We can do it intro-
ducing (together with the W=, Z° bosons) the heavier vector bosons
B*,C*, D*, E* which interact with the d, s, b quarks with violation of
isospin, strangeness and beauty.

We shall choose parametrization of matrix V in the form offered by

Maiani [6]

1 0 0 cp 0 sgexp(—ib) co sp 0
V=10 ¢ s, 0 1 0 —s9 ¢cp 0|,
0 -5, ¢, —sgexp(i6) 0 Cy 0 01
cg = cosB,sg = sin b, exp(id) = cos b + i sin é. (2)

To the nondiagonal terms in (2), which are responsible for mixing of
the d, s,b- quarks and CP-violation in the three matrices, we shall
make correspond four doublets of vector bosons B*, C*, D* E* whose
contributions are parametrized by four angles 6, 3,v,6 . It is supposed



that the real part of Re(sgexp(i6)) = szcosé corresponds to the vec-
tor boson C* , and the imaginary part of Im(ssexp(i6)) = sgsiné
corresponds to the vector boson ET (the couple constant of F is an
imaginary value !). Then, when ¢ << m¥, , we get:

2 9
Mwgp
2 7
mpgw

miy g6
mégiy’
miy gh
mpgiy’
miy g5
mEgly

If g+ = go+ = gpt = gps = gws , then

tan 8 =

tan 3 =

tany =

tan 6 =

(3)

tan f = —-~
tan 0 = —-
tany = —-
tané = —-. (4)
Concerning the neutral vector bosons BY, C® D° EO the neutral

scalar bosons B, C? D E%nd the GIM mechanism {7] we can re-
peat the same arguments which were given in the previous work [5].

The proposed Lagrangian for expansion of the weak interaction
theory (without CP-violation) has the following form:

L = 13 gi(J** AL + c.c), (5)

where J** = 1; 1v*T'p; 1,



The weak interaction carriers A}, which are responsible for the
weak transitions between different quark families are connected with
the B, C, D bosons in the following manner:

Ay = B}, AL — CE, AL — D¥, (6)
Using the data from [5] and equation (4) we have obtained the
following masses for B*, C* D* E* bosons:
mps = 169.5+ 171.8 GeV |
mes & 345.2 = 448.4 GeV | (7)
mp: = 958.8 + 1794 GeV

mg+ = 4170 + 4230 GeV.

3 The 7 & K Meson Transitions (Oscillations) in

the Theory of Dynamical Analogy of Kabibbo-
Kobayashi-Maskawa Matrices

The diagram for 7 25 K transitions when one takes into account d, s
quark mixings and W exchange has the form



U u

It is clear that at o, s mixings the transition from the mass shell
of 7 meson does not take place . i.e. K meson created from 7 meson
remains on the mass shell of 7 meson.

Repeating the same calculations in [4] for # & K transitions for
the probability W(...) of = 5K transitions, one obtains the following
CXPression:

by At .
szi'f (M) (',nu + ?”.d)z‘]n.ﬂ.

W(r 2 LK) - = (8)
2 2 f2 (”i)4 (my + )
— QW m mpy H d L
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Then the time t of # 5 K transition is
1

Wr 2 1)

(9)

T(m SN L) =

: , W east "
The relation between the time 7(m, 7) of 7 "5™ 7 transition and

: N e B L
the time 7(7, k') of # — K transition is

T(7 LA i) 1
W cosl = A (1(])
T(m =" ) (%)

So, at the 7 « K transitions, § remains on the mass shell of
quark (i.c. & is on 7 mass shell) and then I mesons transit back into
m mesons and this process goes on the background of 7 decavs. [t is
clear that these oscillations (transitions) are virtual ones and can be



seen through K meson decays if virtual " mesons transit to their own
mass shell. Since K mesons take part in the strong interactions, one
can do it through their quastinelastic strong interactions. This problem
will be considered in the next work.

Now we pass to computation of the probability of 7 — K oscilla-
tions.

4 Probability of r -2 K (Virtual) Oscillations

The mass matrix of # and K mesons has the form

m, 0 |
. 11
() (1)
Due to the presence of strangeness violation in the weak interac-

tions, a nondiagonal term appears in this matrix and then this mass
matrix is transformed in the following nondiagonal matrix:

( Tin MK ) , (12)

Myx Mg

which is diagonalized by turning through the angle 3 and

tg23 =

2m1rK
V(me —mg)? + (2m )2’

It is interesting to remark that expression (13) can be obtained
from the Breit-Wigner distribution [8]

(r/2):
P~ T By (1)

stn28 =

(13)

by using the following substitutions:
F = mg, E() =My, F/2 = Qmﬂ(, (15)
where I' = W(...).



Here take place the two cases of 7, K oscillations [4): real and
virtual oscillations.

1. If we consider the real transition of 7 into K mesons then

2
4m1rK

2

sin*23 0, (16)

(mrr - mK)2
L.e. the probability of the real transition of 7 mesons into K mesons
through weak interaction is very small since Myk is very small.

How can we understand this real 7 — K transition?

If 2m,x = —g 1s not zero, then it means that the mean mass of 7
meson is m, and this mass is distributed by sin®28 (or by the Breit-
Wigner formula) and the probability of the 7 — K transition differs
from zero. So, this is a solution of the problem of origin of mixing angle
in the theory of vacuum oscillation.

In this case probability of 7 — K transition (oscillation) is de-
scribed by the following expression:

2
P(r — K,t) = sin?28sin? ['nt—f-‘—} ,
2p
where p is momentum of 7 meson.

2. If we consider the virtual transition of 7 into K meson then,
since m, = my,
tg23 = oo,
ie. 8 =m/4, then
sin’28 = 1. (17)
In this case probability of 7 — K transition (oscillation) is de-
scribed by the following expression:

P(r — K,t) = sin?

7t
r(r -2+ K)
Let us pass to consideration of the second case since it is of real

interest.

If at ¢ = 0 we have the flow N(r,0) of 7 mesons then at ¢ # 0 this
flow will decrease since © mesons decay and then we have the following



flow N(7,t) of 7 mesons:
t
N(nm,t) = e:cp(—T—)N(w,()), (18)
0
where 75 = 1'61—‘2—':.

One can express the time 7(7 < K) through the time of 7y, then
1
2
) 7
my
()
The expression for the flow N(r — K, t), i.c. probability of 7 to I\
meson transitions at time ¢, has the form

m,
m, + md

m(r 25 K) = 7o( (19)

N(m — K,t) = N(x,t)sin’ W; =
' T(n — K)
4
t, . o |mt (#)
= N(W,O)e:rp(—T-U)sm —%m : (20)

Since 7(m — K) >> 1 at t = 7(m — K) nearly all # mesons will
decay, therefore to determine a more effective time (or distance) for
observation of # — K transitions it is necessary to find the extremuin

of N(m — K,t), i.e. Eq. (20):

dN(m — K, 1)
dt
From Egs. (20) and (21) one obtains the following equation:

— 0. (21)

m 4
21tg*0 in (m_t)
—m, s = | (22)
(mu+md-) 7 (mu+mJ)

If one takes into account that the argument of the right part of (22)
is a very small value, one can rewrite the right part of (22) in the form

4
t“(%ﬁ?) . trtgd

tg g | TPRRYT (23)
To(m—ﬂ:”;{;)‘ To(ﬁ)z



Using (22) and (23) one obtains that the extremum of N(...) takes
place at

t
— =9 or = 27. (24)
79

And the extremal distance R for observation of © — K oscillations is

R=1ty, = QTOUW, (25)
and the equation for N (m — K, 27)) has the following form:
()’
N(m — K,27) = N(r, 0)exp(—2)sin? 271’(_,"_%%?)—2 = (26)

2 N(m,0)5.1 1078,
1
where m, +m; 215 MeV, (M) >~ (.048.

[£17:]
The kinematics of &' meson creation processes is given in work [4].

The optimal distances for observation of 1 s K oscillations can be
computed using Eqs.(25) and (27) from [4].

Let us pass to discussion of d, s quarks mixings and oscillations.

5 Mixings and oscillations of d and s quarks

Let us consider mixings of d, s quarks by using nondiagonal mass matrix
(without CP violation)
( M, ) ’ (27)

Mas My
where my, m, are masses of d, s quarks, my, is nondiagonal mass term.

Diagonalizing this matrix we get

n2f = LT
smn \/(md—m;)2+4mﬁ, (28)
tg29 = 'def-”im |

d = dcosé + ssind

s = ~dsinf + scosh . (29)



Experimental value of sinf = +/0.048 [1].
Now for determination of my, we can use equation (28).

a) In the framework of the considered model [5] the angle mixing #
of d, s quarks is determined by the following cquation:

29

~ Mivasn 211y,

tan § o “WIB o L (30)
mygy | mg — oy, |

This mixing reminds p, w, ¢ mixings in the strong interaction theory [1]
where the problem of divergencies does not arise at high energies since
at these energies works the chromodynamics but not the strong theory
interactions. In our case W, B, C, D, F bhosons and quarks can consist
of subparticles, then at high energies will interact these subparticles
but not bosons and quarks. It is obvious that then in this theory the
problem of divergencies also does not arise in full analogy with the
strong interactions theory.

b) In the framework of the standard theory using equation (28) we
get
mgs ~ sinfm, (31)

It is interesting to compute this angle mixing in the standard model
in the framework of some consistent supposition in analogy to K°, K°
or 7%, K+ mixings. To do it we suppose that d «— s trausitions are
generated through exchange of massive boson W’ by the following di-
agram:

‘N’

It is clear that this diagram is self-energy one, therefore for realiza-
tion d « s transitions by using this diagram it is necessary to suppose
that d and s quarks consist of three subquarks. Then instead of using
of a concrete model we formally will use analogy with a quark model.

10



Let d — s transition be described by the following diagram:

d S

W

then, formally, in analogy with the quark model (see Eq. (8)) we
can get that
Mmys = 2W(d — 5) ~

zf Iy g -y
~ = m.sint 32
(Gr) 871" (mn-r) (32)
If we even take nyy ~ iy and f'o~a fow GeV o we come to
the following result:
o f’zml‘!
sinf = (Gp)*i—= o << sl ~ v0.048 (33)
w

S0, we see that the angle mixing sind’ obtained in the standard method
is very small value and much less than sing.

Probability of d to s quark transition (oscillation) is described by
the following expression:
Y -9 J'H
P(d — s,t) = sin“20sin® {rt—=
2]),1

where pg is momentum of d quark.

6 Conclusion
The elements of the model of dynamical ex (pansion of the theory of

weak interaction working on the tree lovel, ie. the mode] of dyvnamical
analogy of Cabibbo- Kobayashi- Maskawa matrices. was £Iven.

11



In the framework of this model the probability (and time) of 7 « A
transitions (oscillations) were computed. These transitions are virtual
ones since masses of 7 and K mesons differ considerably. These transi-
tions (oscillations) can be registered through A decays after transitions
of virtual K’ mesons to their own mass shell by using their quasielastic
strong interactions. But for avoiding the background from inelastic I
mesons, the energies F, of m mesons must be less than the threshold
energy of their creation. The optimal distances for observation of these
oscillations were computed.

Mixings (oscillations) of d, s quarks were considered. It was shown
that mixing angle # computed in the framework of the standard
method is much less than experimental mixing angle 6.
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Bewtoes X.M. E2-99-137
n <> K Me3oH-nepexoibi (OCUWLISLNN) B MOIEAH AHHAMHYECKOI
aHatorHH Matpuu Kabu66o-Kobasimu-Mackassl

HalTcs aneMeHTH MOAEAN AHHAMHYECKOI'O paciuMpenus Teopun craboro B3aumo-
ACHCTBHSA, paGoTaloLueii B ApeBecHOM NPHOAHKEHUH, T.€. MOJENH IHHAMHYECKON aHa-
noruu Marpun, Kabu66o0-Kobaamu-Mackapsl.

B pamxax 3toit Mogenu npouseouuTcs PacyET BEPOATHOCTH (M BpeMeHH) & K re-
PEXOLOB. DTH Mepexonb! SBIAITCH BUPTYAIbHBIME, TAK KAK MACChL - - u K-Me3oHOB
CHJIBHO paiuvaloTcs. Takue nepexons MOXHO Hab10qaTh 4yepes pacnansl K-Me30HOB,
CC/IM HEPE3 KBA3HYTIPYTOe CUIBHOE B3aMMONECTBHE HEPEBECTH 3TH BHPTYanbHbie K-Me-
30Hbl Ha COOCTBEHHYIO MACCOBYIO NOBEPXHOCTH. UTOBB M36exXaTh ¢oHa oT Heynpyro
poauBuInXCs K-Me30HOB, 3HePrHM £, n-ME30HOB LOMKHbI ObITh MEHBILE MOPOra HX poX-
nenusd, T.e. E < 0,91 ['sB. [MoncuuThiBaioTcs onTHMA IbHbIE PacCTosHus U1 Habmoge-
HUA 3THUX OCLM/LIALMHE.

Paccmarpusarorca cMewnpanus (ocumnnaumu) d-, s-xpapkos. B paMKax CTaHaapt-
HOTO TI0AXO/1a BBIMMCIIEH YrO/l CMELIMBRHHSA 6, KOTOPBI OKA3alc HAMHOTO MeHLLe
IKCIMEPUMEHTAILHOTO YITIa CMELIMBAHHS §.

Pabora srinonnena g JlaGoparopuu tusuku vactuy OUSAH u Hayuno-uccnenosa-
TEJIBCKOM  HHCTHTYTE [IPUKIAJNHOH MaTeMaTHKH M asromaru3zanmy KBHII PAH,
r. Habuuk.
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Analogy of the Cabibbo-Kobayashi-Maskawa Matrices

The elements of the model of dynamical expanston of the theory of weak interac-
tion working on the tree level, t.e. the theory of dynamical analogy of Cabib-
bo-Kobayashi-Maskawa matrices, are given.

In the framework of this model the probability (and time) of n ¢ K transitions (0s-
cillations) are computed. These transitions are virtual ones since masses of - and
K-mesons differ considerably. These transitions (oscillations) can be registered through
K decays after transitions of virtual K-mesons to their own mass shell by using their
quasielastic strong interactions. But for avoiding the background from inelastic
K-mesons, the energies E, of n-mesons must be less than the threshold energy of their
creation. The optimal distances for observation of these oscillations are computed.

Mixings (oscillations) of d, s quarks are considered. It is shown that mixing angle ¢
computed in the framework of the standard method is much less than experimental
mixing angle 6.
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