


1 Introduction

The vacuum oscillations of neutral K mesons are well investigated at
the present time [1]. These oscillations are the result of d,s quark
mixings described by Cablbbo Kobayashi-Maskawa matrices [2]. The
angle mixing 0 of neutral K mesons is § = 452 since K°, X° 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
suppression. Oscillations of two particles having the masses overlap-
ping their widths were discussed in works [3].. Then in previous works
[4] we computed probabilities of 7 « K oscillations in an approach
where the phase volume of particles at these transitions is taken into
account. The same oscillations arise in the model of dynamical analogy
of Cabibbo-Kobayashi-Maskawa matrices [6]. o

This work is devoted to:computation of the same values in a dia-
gram approach which was used at computation of K° ++ K° oscillations
5] S

At first, we will consider the general elements of the theory of vac-
uum oscillations, then come to computation of probabilities of ™ + K
transitions.

It is clear that these transitions are virtual since masses of 7 and
K mesons differ considerably.

Let us pass to consideration of general elements of the' theory of
vacuum oscillations.

2 . Probabilities of 7 Wsind 1 Vacuum Real and Vlr-
. tual Transitions (Oscﬂlatlons)

The mass matrix of # and K mesons has a form

Due to the presence of strangeness violation in the weak interac-
tions, a nondiagonal term appears in this matrix and then this mass
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matrix is transformed in the following nondiagonal matrix:

Ma m“f) T )
Mgg Mg ’

which is dié.gona.lized by turning through the angle 3 and then
Mxg MK S\ 0 my
and . :
2 : 2 x
1923 = — Mk )
_ l My — MK l

- V(ma = mg)? + (2mag)?

’ ml{) + \/ m1r - mK)2 + 4(m1r1&) )7

and since m meson without external interactions cannot change its mass
shell, the nondiagonal mass term in (1) is equal to the mass difference
Le.,

 sin2f = i K - (3)

g = 5((ms

Am12 = 2m,,K_ (4)

It is necessary to remark that expression (3) can be obtained from
the Breit-Wigner distribution [7]-
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by using the following substitutions:

E=mg, Ey=my, T/2=2m.x; : - (6)

where T' is width of 7 « K transitions.

If the mass matrix contains masses in squared form, then oscilla-
tions (or mixings) will be described by the expressions (3)-(6) with the
following substitutions:

My — m72ra mg — M, Mag — m?m',

Here the two cases of m, K oscillations take places [4]: real and

virtual oscillations.
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.. 1. If we. consider the real transition of 7 into ' mésons, then
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sin?2B & — o, T m

(my — mg)?
i.e. the probability of the real transition of = méspns in' K mesons
through a weak interaction is very small since m;y is very small.

How can we understand this‘real 7 — I transition?

If 2m.x = g is 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 # — K transition differs
from zero. So, this is a solution of the problem of orlgm of mixing angle
in the theory of vacuum oscillation.

In this case the probability of # — I transition (oscillation) is
described by the following expression (see also Exp. (23):

. 27
P(r — K, t) = sin?2Bsin’ [thl—;} , (8)

where p is momentum of 7 meson.

2. If we consider the virtual trans1t10n of 7 into I meson then,
since m, = myg, g
t92ﬂ = co,

i.e. B =m/4, then
sin?28 = 1. (9)

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

P(r — K,t) = sin® [7r L ] , (10)

where L = vt, v- is vélocity‘of T meson, at v = ¢ L = ct,

2. 48p,,(MeV)
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Let us pass to a more detailed consideration of the second case since
it is of real interest (i.c. we w1ll compute nondiagonal term of the niass
matrix).



3 Then W% K Meson Transitions (Oscillations)
in the Standard Theory of Weak Interaction

When d, s quark mixings and W exchange are taken into account the

dlagram for.m uiﬂa K transitions has the form

It is clear that at d, s mixings the transition of 7 meson mass shell
does not take place;'i.e. K .meson produced,. . from 7 meson remains
on the mass shell of = meson.

The amplitude of this process has the followmg form (we use Feyn-
man  rules): e =

M(r— K) = %sin@[(f’yﬂ(l = v5)u)[57yH(1 — 75')u],
M(r— K) = %sinﬁ[JQ#u][EQ"u], | (11)

where G is Fermi constant; Q, = 7,,(1 —vs)and ©
Gr _ ¢* o

\/.§ 8mw

The mass Lagrang1an L for this dlagram in the framework of the
standard approach i3 [5]

L =M(r — K). (12)

Then the mass differences in square which response for 7 — K and
K — T tran81t10ns are -

m? ~ m2_<7r|LlI(>+<K|L|7r> )

>m- SR

(we suppose that I& meson is on the mass shell of 7 rneson) Therefore
- m?—mi 2m,rAm12 R . (14)

or-

1
Am12 = om (15)

Now we compute mass difference. For this purpose we use the following
expressions: ‘ ~
<0|dQuu|m > ¢rfrby, (16)
< 0|3Q u | K >= éx fxp*,
where @, dx , fr, fK, correspondingly are the wave functions and the
constant decays of m and K mesons, p, is momentum of 7 meson.

It is necessary to remark that the followrng relatlon appears for
constant decays On mass shells

fw(mw) = fK(mvr)— ) . : (17)
Then from equation (13) using equations (16), (17) we obtain the fol-

lowing expression:

' Abm2 =m?— 2m2 2 szn9 18
or

Amyg = f,fm,,i—gsinﬂ.. . | (19)

4 Probability of 7 *¥ K Virtual Oscillations with
account of n decays

If at ¢ = 0 we have the flow N(,0) of 7 mesons, then at ¢t # 0 this
flow will decrease because of 7 mesons decay and then we have the
followmg flow N(r,1) of T Inesons:

N(m,t) = exp(——— N(r, 0) (20)

where 7§ = 1oz,



- The expression for the flow N(7m « K, t), i.e. probability of 7 < K
meson transitions at time ¢, has the following form

N(r — K,t) = N(?T,t)P(?T — K,L) (21)
where T L
P(r o K, L) = sin’ [WL_ ] ,
_ 2.48p,(MeV)
Lose = T — g T (cV2)T,n'

and
' szn9

m2 f1r 7r\/—

In the approach where phase volume is taken into account the ex-
pression for the probability of # — K oscillations P(r — I, t) has the
following form [4]:

N(7 — K,t) = N(r,t)sin® [__n't_} =

T(m LN K)

= N(n, O)exp(—-t—) in® [“( g } (22)

m +md

In the case of real oscillations the probability of 7 — K transitions
(oscillations) is described by Exp. (8):

2
P(r o K,t) = sin?2Bsin® [ ’;’; ] ,

where :
Am?, . (f,,m,,\/—san)2
sin?2p & 21

mg - mk

iR

0. - (23)

The kinematics of the process of K virtual mesons transition on its
mass shell is given in work [4].

5 Conclusion

The clements of the theory of vacuum oscillations were given. Then the
probability of real and virtual 7 « I transitions (oscillations) in dia-
gram approach was calculated. The probability of real vacuum 7 — I
transitions is very small‘thereforg only virtual transitions are the sub-
ject of our interest,. These transitions (oscillations) can be registered
throug,h K decays after transmons of virtual K mesons to thelr own
mass shell by using their quasiclastic strong mteractlonq ’

REFERENCES

1. Review of Particle Prop., Phys. Rev. 1992, D45, N. 11.
2. Cabibbo N., Phys. Rev.:Lett., 1963,:10, p.531.
’ Kobayashi M. and Maskawa K., Prog. Theor. Phys., 1973, 49,
p.652. o ‘
3. Beshtoev Kh.M., JINR Commun. E2-93-167, Dubna, 1993;
JINR Comunun. E2-95-326, Dubna, 1995;.
~ Chinese Journ. of Phys., 1996, 34, p.979.
4. Beshtoev Kh. M., JINR Commun. E2-98-387, Dllblld 1998
5. Okun L.B., Leptons and Quarks, M., Nauka, 1990.
6. Beshtoev Kh.M., JINR Commmun. E2-94- 293, Dubna 1994;
* Turkish Journ. of Physuv. 1996, 20, p.1245;
JINR Commun. E2-95-535, Dubna, 1995;
JINR Commun. P2-96-450, Dubua, 1996.
- JINR Commun. E2-97- 210 Dubna, 1997.
7. Blatt J.M., Wmsscopf V.F., The Theory of Nu( loar Reactions.
- ONR T. R. 42.

Received by Publishing Dcpartment
on November 25, 1999.





