


1 Introduction

The vacuum oscillation of neutral X 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 § = 45° since K°, K° masses are
equal (see CPT theorem). Besides, since their masses are equal, these
oscillations are real, i.e. their transitions to each other go without sup-
pression. Oscillations of two particles having the masses overlapping
their widths were discussed in works [3]. Then we calculated probabil-
ities of m «— I oscillations in an approach where the phase volume of
particles at these transitions is taken into account [4,5].

. This work is devoted to the development of the model of dynam-
ical analogy of Cabibbo-Kobayashi- Maskawa matrices [6] and to the
calculation of probabilities of 7 + K oscillations in framework of this
model in the diagram approach [7] which was used while calculation of
K° — I{° oscillations.

At first, we will consider the general elements of the theory of os-
cillations, elements of the model of dynamical analogy of Cabibbo-
Kobayashi- Maskawa matrices and its further development, then come
to the calculation of probabilities of m « K transitions.

As it is stressed in previous works [4,5] these transitions are vir-
tual since masses of # and I mesons differ considerably. And we can
make these virtual transitions real through their strong interactions,
i.e. bring them up on the own mass shell through stroug interactions
.after the weak interaction transforming 7 mesons in virtual I{ mesons.

Let us to consider the general elements of the theory of oscillations.

2 Probabilities of Real and Virtual Vacuum T K
Oscillations (Transitions)

The mass matrix of # and I{ mesons has the form
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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:

\ Mk THK o o
which is diagonalized by turning through;the angle B and then
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i = S((ms = i) Vg — )+ ek V).

It is interesting to remark that expression (4) can be obtained from
the Breit-Wigner distribution [8]

(/2 o
P BBy + T/ ®)

by using the following substitutions:, -

E=mg, By=m,, T/2=2m.k,- .. - (6)

where I' = W(...). e

- If the mass matrix contains masses in a squared form, then oscil-
latlons (or mixings) will-be described by the expressmns (3)-(6) with
the following substitutions:. S S o

my — m2 mx‘—»am“,’{;m,rx - m?,K
Here two cases of T, K osc1llatlons [4] take place real and v1rtual

oscillations.
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1. If we consider the real transition of 7 into & mesons, then

$in?20 = >, (7)

i.e. the probability of the real transition of = mesons into K mesons
through weak interactions is very small since m,g is very small.

How can we understand this real 7 — K transition?

I 2m, i = —212 1s not zero, then it means that the mean mass of w
meson is m, and this mass is distributed by sin?283 (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. '

II? this case the probability of 7 — K transition (oscillation) is
described by the following expression:

2
P(r — K,t) = sin?28sin? [wtﬂJ , (8)
2p '

where p is momentum of = meson.

2. If we consider the virtual transition of 7 into J meson, then,
since m, = my,

19283 = oo,
i.e. B = /4, then -
sin®2B=1." : (9)
II} this case the pfobability of m — K transition (oscillation) is
described by the following expression: ‘

| P(r — K,t) = sin2‘[7rLL ] o | (10)

osc

where L = vt, v- is a velocity of 7 meson, at v ¢ L S ct,

2.48p,(MeV)
[mi—mj[(evy)™

Losc =

I'Jet us consider elements of the model of dynamical analogy of
Cabibbo-Kobayashi-Maskawa matrices and its development.
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3 Elements of the Model of Dynamical Analogy of
the Cabibbo-Kobayashi-Maskawa Matrices and
Its Development . R
In the case of three families of quarks, the current J* has the following
form: : o -
. Coe ‘31' L d,., : va R M
L .___ (ﬂEf)’L');"V~ P L R (11)

V|V Ve Va |,

where V is Kobayashi-Maskawa matrix [2].

Mixings of the d,:sv, b quarks; are not connected with the weak in-
teraction (i.e., with W=, Z° bosons exchanges). From equation (1) it
is 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 anglés 6,3,7,8 (see below), then this violation
could be found in the strong and electromagnetic interactions of the
quarks as a clear violations of isospin; strangeness-aiid beaiity. But,
the available experimental results have shown, that there is no clear
violations of the number cohservations in strong and electromagnetic
interactions of the quarks. Then we must connect the non-conservation
of isospins, strangeness and beauty (or mixings of the d, s, b quarks)
with some type of interaction ﬁﬁxings of the quarks. We can do it in-
troducing (together with the W#, Z° bosons) the heavier vector bosons
B*,C*, D*, E* which .intéract‘fﬁiith the d, s, b quarks with violation of
isospin, strangeness and beauty.

We shall choose paramettization of matrix V in the form offered by
Maiani [9] .



Concerning the neutral vector. bosons BY,C% D E°, the neutral

1 0 0) cn .
s 0 Sﬂ exp(—l(s ’ ' ' /
V=10 ¢ s 0o 1 0 ) _cz Zo g scalar bosons B?,C0, D 0 FE° and the GIM mechanism [10] can repeat
0 —sy ¢ —spexp(i6) 0 - ¢ 00 00 1 ’ the same arguments given in the previous work [6].
' : The proposed Lagrangian for expansion of the weak- interaction
. cp = cos B, sp = sin b, exp(i6) = cos & + isin. (12) theory (without CP-violation) has the following form: :
o th i : ) K S . ,
T he nondiagonal terms in (12), which are responsibe for mixing | L =S4+ e (1)
) S, arks an -violation in the three i k / i . ’ ’
make cor matrices, we shall . : o TR
contrib tr‘espond four doub.lets of vector bosons B*, C*, D*, E* whose ! where J** = ¥i,07°T@i L,
- thu lons are parametrized by four angles 6, 8,v,6 . It is supposed
a . LR RS . L R
! e real part of Re(sg exp(i6)) = sg cos 6 correspond . T = 0 1
tor boson C* d the i : ponds to the vec- : ‘ -1 0/
o » and the imaginary part of Im(sgexp(i6)) = spsiné
. rre.sponds to the vector boson E* (the couple constant of E is a | i=1 1=2 i=3
imaginary value !). Then, when ¢? << m, , we get: n = ,
. u u c\ -
i o= (90000,
tan @ = Mwy9gp , _ : L- L L
mygy’ o _ i=1 i=2 i=3
- ‘ v
“tan ,3 o~ mwgg, . d d S
m2 27 ’ : 991 L= | L] b .
9w - ’ s ), \b )\,
any = mhed, ' , The weak interaction carriers Ag, which are rtesponsible for - the
: f vzv ' weak transitions between different quark families are connected with
tans & TWIE ' the B,C, D bosons in the following manner:
mygh (13) -
AL B A2 - Ca, AL - D (16)

If gp: = gct = gpt = gpr = g+ , then
| Using the data from [1] and equation (14) we llax;e obtained the
following masses for B*,C*, D#*, E* bosons: ‘ '

mp: = 169.5 +171.8 GeV ,

tanf =& —-

m

miy
m
2
‘tan (3 = m‘;’, oo ’ :
mf | . | mgr 2 345.2 + 448.4 GeV (17)
tan -y o~ m_;v, : ; ,
mh | . mps = 958.8 + 1794 GeV ,
2
tané = W
E

(14) mps & 4170 + 4230 GeV.
’ : Now consider some development of our model.



a. It is clear that the masses of quarks and B, C, D, E bosons can be
introduced using the Higgs’s mechanism. Here arises a question about
correspondence of the physical picture given by Higgs's mechanism to
the real physical picture of quarks and vector bosons. In the Higgs's
mechanism the quarks and vector bosons get their masses through their
interactions with Higgs’s bosons [11] (in an analogy with the mechanism
of superconductivity), i.e. in the presence of Higgs’s fields the quarks
and vector bosons are massive. It is clear that free quarks and vector
bosons (in reality, we have free quarks and vector bosons) must be
massless. Then we see that Higgs’s mechanism is for introducing masses
in the theory without singularity (i.e. without straight violation gauge
invariance), but not a mechanism of masses generation.

On the other side, the standard weak interaction cannot generate
masses for its 7y invariance.

Then the following question arises: how are masses of these particles
generated?

It is obvious that these quarks and bosans must have a structure,i.e.,
they consist of subparticles which take part in some interactions which
generate masses. So, we see that it goes in an analogy with the strong
interactions, where the fundamental interaction is the chromodynamics
and the hadrons consist of the quarks. It is clear that if the quarks and
massive bosons consist of subparticles, then in our approach (the Model
of Dynamical Analogy of the Cabibbo-Kobayashi-Maskawa matrices)
the problem of singularity does not appear since at small distances
interact subparticles but not quarks and massive bosons. And then
the problem of singularity must be solved in the theory of subparticle
interactions in full analogy with the strong interactions theory. It is
obvious that in the framework of our model it is not needed to use GIM
mechanism [10] to cancel the singularity.

b. Let us have K* which is produced in strong interactions and we
want to consider its decay. Since K meson includes s quark, then when
we take into account the weak interaction, we must use the Cabibbo

matrix [2] mixing s,d quarks:

d’ = dcosf + ssinb,
s’ = —dsinf + scosb,

(18)
i.e., s quark transforms in superpositions of s,d quarks
s — —dsinf + scosf. (19)

The matrix element of K meson decay (7] is proportional to sin,
i.e., we take into account only the sind part from expression (19) and
then the term proportional to cosf is remained. It means that only
the part proportional to sinf decays. However, from the current ex-
periments we know that K mesons decay fully. It can happen only if
K mesons decay through massive bosons B but not W boson and the
sinf term of Cabibbo matrix. Then the mass of this massive boson B
must be determined through the following expression:

mly

IR

m? (20)

sinb

We see that this massive boson is like B boson which appears in the
above considered model of dynamical analogy of Kabibbo-Kobayashi-
Maskawa matrices [6].

Let us pass to a more detailed consideration of the virtual oscillation
case since it is of a real interest (i.e. we compute nondiagonal term of
the mass matrix).

4 The 7 & K Meson Transitions in Diagram Ap-
proach in the Model of Dynamical Analogy of
Kabibbo-Kobayashi-Maskawa Matrices

When one takes into account d, s quark mixings and B exchange, the
diagram for 7 -2, K transitions has the form



hat at d s mixings the transition of 7 meson mass shell

Tt is clear t
d from 7 meson remams on

does not take place i.e. I{ meson produce
the mass shell of 7 meson.

The amphtude of this process has the followmg form (We use Feyn-
' man rules) :

M I6) = Galdn(1 = 39l =

or

M(r — K) = GpldQuull5Q"ul, (21)

where Gp is Fermi of B boson constant which is connected with Fermi

constant Gw of W by the following relation’
: Gr _ ¢
- Gp=G 6, —== ,
S CBEEES R 8miy

and @, = vu(1 - ¥s) -

The mass Lagrangian L for this diagram in the framework of stan-

‘ dard.spproach is [7] -
L M(T(' — I&) ’ (22)

Then the mass dlfferences 1n squared form Wthh response for

and ¥ — 7 transitions is

m%—m2—<7r|L|I&>+<I&|L|7r>

(we suppose that K mes

m? — mj ~ 2m A
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a — I

(23)

on is on the mass shell of 7 meson). Therefore

(24)

or
Amyy F'~1—[< |L|LK -
om, |[K>+<K|L{x>]. (25

Now we compute mass diff i
erence. For this goal
. W ,.
o g e use the following

< O_I deU I T > d’wprp’
<0]3Q"u | K >= ¢y frp*
where ¢ - -, COIT i
e @trnd oK+ fro I (onespondmgly, are_ the wave functions and the
stant decays of 7 and I mesons, p, is momentum of 7 meson |

(26)

It is necessary to rem
s ark that the followin i
decays on mass shells will be: § relation for constant

fr(ma) = fr(my). (27)

Then from equation (23) us
ing equati
lowing expression: g equations (26), (27) we obtain the fol-

Am?=m? - m2 = 4,2
. my —my = fimzGa, (28)

or (see Eq. (4))
My = A7n12 = fgm,,GB. (29)

5 Probability of 7 <25 K Vi . |
» ' : rtual Oscillati :
Account of m Decays ations with

ﬂ ‘l (1(_1(1 Y . o . ( ) ’ ' '
oW w1 1 *'Crease SInee mesons de( ay alld 'h 1
N( ) T l €11 we lla‘f( tll(‘ f()llo“r'lllg

]V‘(T(',t = ex _i
V(m 1) = exp( TO)N(W,O), 30
where 1y = 7-6""} :

Tt
1 1e expression for the ﬂow N(m — L, t), i.c. plObdl)lllf\ of m to Iy
neson transitions at'time t, has the following form:

N(x — K,t) = N(z,{)P(x — K, L) (31)
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where ‘ L
‘ P(r— K,L)= sm2 [WLDSJ. ,
2.48p.(MeV")
= m,
Lowe = T =g T (@)™
and

C2 2,2
m% — My = f7rm7rGB'

: Thé expfessi(;n for probability of 7 — K oscillations P(m — K, 1),
in the api)_roach Where the phase volume is takep intq account, has the
following form [4,5]):

N(r — K,t) = N(r,t)sin’ {———M————] =

m(r 2 K)
= N(=,0)ex (———t—)sm2 W—t-——,:—n:ﬂ——— Lo (32)
= ‘7r, P K TO(m)2

Probability of 7 — K real oscillations P(mw — K,t) in phe case of
real oscillations is described by the following expression (see Eq. (8))
[4,5]:

- .9 .9 m%(
 Plr A1) = om0 1 g |
sin?2p =

(mg—mg)?

where PR
4m7rK ~

~* The kiriematics of K “meson. production processes in quasielastic
processes is given in work [4]. :

6 Conclusion =

The elements of the theory of vacuum oscillat’iops and the model:of
dynamical éxp'zirllsvion of the theory of weak interactlg).gs Vwovrks at th'e
tree level, i.e. the model of dynamical analogy of 'Cablbb.o-Kobayashl—
Maskawa *matrices and its further. development, were given. It was
shown that the quérks and massive vector bosons must be structural
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and these structural particles (subparticles) must interact to generate
quark and vector boson masses. In this case the problem-of singularity
cancellations does not arise in this model. It was also shown that, for
self consistence of the theory, the weak decays of I mesons must go
through massive vector boson B but not IV boson.

In the framework of this model the probability of 7 « K tran-
sitions (oscillations) in the diagram approach was computed. These
transitions are virtual since masses of 7 and K mesons differ consid-
erably. These transitions (oscillations) can be registered through I
decays after transitions of*virtual K mesons to their own mass shell by
using their quasielastic strong interactions.
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Bewrroes X.M. E2-99-306
nt > K+ Me30H-BaKyyMHBle Nepexonsl (OCLIUUISLIHH)

B [HarpaMMHOM ITOZXOAE B MOJAETH AHHAaMHYECKOH aHaTOTHH MaTpHU
Ka6u660-Kobadmun-Mackassl

JlatoTcs 37eMeHThl TeOPHH BAKYYMHBIX OCLM/UIALMHA M MOJAENH XHHAMHYECKOro
pacuiipenus Teopuu cnaboro B3aumopelicTsis, paGoraioweil B IpeBECHOM MpHOITHKe-
HHMHY, T.e. MOAEIH AMHaMHuecKoil aHamornu Matpuu Kabu66o-Kobasun—Mackassl.
Tak:xe paccMaTpuBaercs janbneiinee pazsuTHe 310t MogesH. IlokasaHo, uTo KBapKH H
TsXeJble BEKTOpPHble GO30HBI IOKHBI OBITh CTPYKTYPHBIMH H 3TH CTPYKTYPHBIE (CO-
CTaBsIIOLINE) YaCTHLBl ZOKHBI B3aUMOAEHCTBOBATh, UTOOBI TeHEpHpOBaTh MACChI
KBAapKOB M TAXeJIbIX BEKTOPHBIX 6030HOB. B 3TOM cyyae npob6neMsl COKpallieH s CHH-
yJISpHOCTEI B MOfENH He Bo3HHKaeT. TakXe MOKa3aHO, YTO UTS CaMOCOTIaCOBAaHHOCTH
TeopHH ciabsie pacnanbl K-ME30HOB JOJIKIIB HATH Yepe3 MacCHBHbIE BEKTOPHbIE 6030-
Hbl B, a He yepe3 W-6030HBI.

B gHarpaMMHOM MOOXOAE B paMKaX 3TOH MOJEH BbIYHCIIAETCA BepOATHOCTD pealb-
HbIX M BUDPTyalIbHBIX 7 <> K-mepexofoB (ocuwmisuuil). BepodTHOCTh peanbHbIX
T <> K-IepexonoB sBAgeTcs OYEHb MATOH BETHYHHOM, O3TOMY NPEACTABIISIOT HHTEPEC
TOIbKO BUPTY&IbHblE MEpPEXORbl. DTH BHUPTY&IbHbIE MEPEXORb! (OCLINIALHH) MOXHO
3aperHcTpupoBaTs o pacnaxy K-Me30HOB, eC/IH 3TH BUPTyalbHble K-Me30HBI epeBecTH
Ha UX COOCTBEHHYIO ITOBEPXHOCTDH Yepe3 KBa3sHYNpyroe CiUlbHOe B3aHMOJAEHCTBHE.

Pab6ota BrinonueHa B Jlabopatopuu ¢usuky yvactiy OUSAW u Hayyno-uccnenosa-
TeJbCKOM HHCTHTYTE MpHKIagHoi MaTeMaTHKH M asroMatusauun KBHII PAH,

r. Hanpyux.
Coobuenne ObheauHeHHOr0 KHCTHTYTA faepHBIX Hccnenosanuil, dybua, 1999
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n+ < K + Meson-Vacuum Transitions (Oscillations)

in Diagram Approach in the Model of Dynamical Analogy

of the Cabibbo-Kobayashi-Maskawa Matrices

The elements of the theory of vacuum oscillations and the model of dynamical ex-
pansion of the theory of weak interactions works at the tree level, i.e. the model of dy-
namical analogy of Cabibbo-Kobayashi-Maskawa matrices and its further develop-
ment, are given. It is shown that the quarks and massive vector bosons must be struc-
tural and these structural particles (subparticles) must interact to generate quark and
vector boson masses. In this case the problem of singularity cancellations does not arise
in this model. It is also shown that, for self-consistence of the theory, the weak decays
of K-mesons must go through massive vector boson B but not W-boson.

In the framework of this model the probability of n « K transitions (oscillations) in
the diagram approach is computed. These transitions are virtual since masses of n- 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. )
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