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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 § = 45° 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 when two particles with different masses having
widths oscillate was discussed in works [3]. Now it is necessary to
discuss 7 « K oscillations as an oscillation example of particles having
large difference of masses. The 7 «— K transitions (or oscillations) arise
from the existence of quark mixings (¢’ = cosfd + sinfs). The same
transitions (or oscillations) arise in the model of dynamical analogy of
Cabibbo-Kobayashi-Maskawa matrices [4].

Let us pass to detailed discussion of the = ++ K transitions.

2 The 7 "&"* K Transitions (Oscillations)

2.1 7 & 7 Transitions
We begin the discussion of the problem of # & K transitions (or

oscillations) with consideration of transitions {oscillations) of = &
through W bosons, i.e. through the following Feinmann diagram:

The amplitude M of this process (after using the standard proce-



dure [5]) has the form
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where F, = frd.p,, Q% = dpv*uy , ¢, is 7-meson wave function and

| ¢x |o= 1, fz is 7 constant decay (fr = 125 GeV), p, is 7 four-

momentum, 7 is quark current, 6 is Cabibbo’s quark mixing angle.
If we use the expression p, = p, 4+ p; and the Dirac cquation

(p—mu=0

(where u is quark wave function), then one can rewrite Eq.{1) in the
following form:

M= %cosﬁf,,q},,(mu + mgdy sy . (2)

Using the standard procedure for | M |*, one obtains the following ex-
pression:
| M 2 = GPeos®0 f2(my, + my) d(psp.) =
= 4G cos 0 f2 (my + myg) ma By, (3)
where 7, &= F, = 5
Then the transition # % 7 probability W{...) is
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Then using the expression for G%,, one can rewrite equation (4) in

the form o o )
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Then the time 7(...) of * 2% 7 transition is
rr Bory = ! (6)
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2.2 7 "3 K Transitions (Oscillations)

: Waing 1- " .

The diagram for 7 ~™5° K transitions when onc takes into account
d, s quark mixings and W exchange has the form
u u

Wsind

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

Repeating the same calculations in (2)- (5) for 7 """ K transitions

for the probability W(..) of = "= K transitions, once obtains the
following expression:

~ G? f2sin0(m, + myg)im,
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Then the time ¢ of 7 V2 K transition is
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The relation between the time 7(x.7) of 7 "5 7 transition and
Wsing

the time 7{r, K} of K transition is

T{(n Wisin? K) 1
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So, at the 7 — K transitions, § remains on the mass shell of d
quark (i.e. A is on 7 mass shell) and then K mesons transit back into
7 mesons and this process goes on the background of 7 decays. It is
clear that these oscillations (transitions) are virtual ones and can be
seen through K meson decays if virtual K mesons transit to their own
mass shell. Since K mesons take part in the strong interactions, one
can do it through their quasiinelastic strong interactions. This problem
will be considered in the next work.

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

3 Probability of = '™*% K (Virtual) Oscillations

The mass matrix of 7 and A mesons has the form

m; 0
( 0 T”'K)‘ : (10)

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:

( My Mgy ) ) (11)

Myp MK

which is diagonalized by turning through the angle 3 and

tg23 =

$in203 = ' : (12)



It is interesting to remark that expression (12) can be obtained
from the Breit-Wigner distribution [3]

r/2):
P~ E R+ 12y (13)

by using the following substitutions:

Ew=mg, Ey=my, I'/2=2m,, (14)
where I' = W(...).

Now we can consider two cases of 7, K oscillations:

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

. 4m? .
sin?2p3 o LES

2

(ma — my)? 0. (15)
1.e. the probability of the real transition of 7 mesons into A mesons
through weak interaction is very small since mqj is very small.

How can we understand this real 7 — K transition?

If 2,5 = g is not zero, then it means that the mean mass of 7
meson is my and this mass is distributed by sin?243 (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.

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

tg25 = o0,
ie. 8= m/4, then
sin?28 = 1. (16)

We will consider the second case since it is of real interest.

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

N(m t)= e.rp(—;%}N(W, 0), (17

where 1) = Téﬁi.
n



One can express the time 7(m «» K’} through the time of 79, then

My

1
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The expression for the flow N(r — K, 1), 1.e. probability of = to K
meson transitions at time ¢, has the form

N(z — K,t) = N(n,t)sin’ [w——j——} =

7(r 25 K)

nt  tg’f ] (19)

i
= N(m, 0)exp(——)sin® | — 22—
W |
Since T(m — K) >> 1 at t = 7(n -— K') nearly all 7 mesons will
decay, therefore to determine a more effective time (or distance) for
observation of T — K transitions it is necessary to find the extremum
of N(7w — K,t), 1.e. Eq. (19):

AN (x — K, 1)
) _ 2
= 0. (20)

From Eqgs. {19) and (20) one obtain the following equation:

27tg’0 twtgf
(mu+m,§ To(mu-i-mg

If one takes into account that the argument of the right part of (21)
is a very small value, one can rewrite the right part of (21) in the form

twtg'0 } . tmtg®0 (22)
T, = m -
(mu+m‘;)2 Tﬂ(muvi-md- :

Using (21) and (22) one obtains that the extremum of N(...) takes

place at

L or t = 27, (23)
7o

And the extremal distance R for observation of @ — K oscillations is
R = tvy = 2104, (24)

and the equation for N{rx — K,27) has the following form:



. ] . w tg*t
N(m — K.27) = N(7.O)eap(=2)sin? |27 -T2 _
! ( M-ty )2

= N{7.0)53.10007°.
where my, +m, =15 MeV. tg%0 = 0.048.

Let us pass to discussion of kinematics of & Ieson creation pro-
COS5es,

4 Kinematics Processes of X Meson Creation

So. if one has 7 mesons. then with the probability determined by Eg.
(19) they virtually transit into A mesons and if these virtual A mesons
participate in quasielastic strong interactions then they become real i
mesons. Then throngh A meson decavs one can verify this process.
The cnergy threshold Eyy,. , of the quasiclastic reaction 7 + p —
Nt +pis
Eipve » = 0.61 Gel”,

Besides, this quasielastic reaction of 7 mesons can create i HICSO11S
it inclastic reactions. An example of this inelastic reaction is the fol-
lowing reaction:

. T+ — K A (26G)

The energy threshold Ef¢ i

hrew

inef 1"
Elpn » =091 Gel”,

To avoid the problem with & mesons created i inelastic reaction.
one must take energics E, of 7 mesons less thau 0.91 GeV.ie. E,
miust be

0.61 < E, < 0.91 Gel" (27)

The optimal distances for observation of 7 — i oscillations can be
computed using Egs.{24) and (27).



5 Conclusion

In the framework of the Standard Model the probability (and time)
(see Eq.(19)) of the m « K transitions (oscillations) were computed.
These transitions are virtual ones since masses of 7 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 of inelastic K mesons the energies E, of # mesons must
be less than the threshold energy of their creation, i.e. Ep < 0.91
GeV. The optimal distances for obsevation of these oscillations were
computed (see Eq. (24)}).

The computation of 7 — K oscillations can also be performed in the
framework of the model of dynamical analogy of Cabibbo-Kobayashi-
Maskawa matrices [4] through B+ boson exchanges. At low energetic
limit the results (time and length of oscillations) are the same.
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Beritrroes X. M. E2-98-387
06 ocuMnnauHAX 7 <X Me30HoR

B pamkax craunaprroii Mogenu TPOH3BOAMTCA pacyeT BEPOSTHOCTH (M BpeMeHH)

T —K-nepexonos. 3TH nepexons aeA0TCS BHPTYQNTLHBIMH, T.K. Macchl - H K-Me-
30HOB CHIbHO painuualoTcs. Takue nepexomsr MOXHO HabsliolaTh Yyepes pacnansi
"ME3OHOB, €CNIM uepe3 KBa3MYMPYIoe CHMALHOE B3aHMONCHCTBHE NEePEBECTH 3TH
BHPTYabHbie K-Me30HE! Ha coGeTsennylo MacCoByl0 nosepxHocTs. YTo6n H3Gexars
toua oT Heynpyro pomusLMxcs K-me3on08, sneprau E, M-M€30HOB AONXHL! GHITH
MEHLIIE hopora poxaenus, T.e. E, < 0,91 I'sB. Moacuntisaiorcs ONTHMATbHEIE

PacCcTOSHHR JUIs HAOMIONEeHHS 3THX OCLIMILTALIMI.

Pa6ota ewinonnena B JlaBoparopun ceepxaricokmx aHepruii OHSIH.
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About  «-K Meson Oscillations

In the framework of the Standard Model the probability (and time) of 1t «sK
transitions (oscillations) 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 X mesons to their own mass
shell by using their quasielastic strong interactions. But for avoiding the background
from inetastic K mesons, the energies £, of T mesons must be less than the threshold
energy of their creation, i.e. E; <091 GeV. The optimal distances for observation

of these oscillations are computed.

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