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Remarks to the Standard Theory of K°, K Meson Oscillations.
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Usually it is supposed that K°, K° meson oscillations are realized through Ks, K1 meson
states. It is necessary to remark that Kg, K1, meson states are produced at C'P violation in the
weak interactions, besides these states are nonorthogonal states. Since Kg, K1, meson states are
nonorthogonal states they cannot generate K°, K° meson oscillations. For this aim can be used
only orthogonal states. In reality at strangeness — S violation K°, K° mesons are transformed
into superpositions of orthogonal K, K9 meson states. Then through these K?, K9 meson
states there are realized oscillations of K°, K° mesons. Further K?, K9 states at C'P violation
are transformed into superpositions of Kg, K meson states and then arise interference of Kg,
K meson states but not oscillations. This picture is well in agreement with experiments. So

we come to conclusion: K9, K° meson oscillations are realized through K9, K9 mesons, but not
through Ks, Kr.
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1. Introduction

This work is devoted to the discussion of K 0. K° meson oscillations.

K K° mesons are produced in strong interactions and their strangeness — S are
Skgo = +1, Sgo = —1, and they consist of s, d quarks; then K = sd and K° = 3,d.
Since K%, K9 consist of quarks that participate in weak interactions, then after their
production there take place changes generated by weak interactions; there take place
violation of strangeness — S and C'P parity. Then, at violation of strangeness — S
neutral K9, K° mesons are transformed into superposition of K?, K9 mesons:

K+ K3 RO_K?—KS B
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where KV, K9 mesons are eigenstates of the weak interaction that violates strangeness.
Before the discovery of C'P violation, it was assumed [1] that K°, K° meson oscillations
arise though K¢, K9 mesons. After the detection of C'P violation [2,3] in literature [4,5],
it was assumed that K9, K° meson oscillations go through Kg, K, mesons — eigenstates
of weak interactions violating C'P parity. Then, it is necessary to assume that (below we
will give a more detailed consideration of this issue)
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It is necessary to remark that in modern literature [4, 5] there is no mentioning of the
existence of K?, K9 mesons. This issue demands a more detailed investigation.

Now lets proceed to the discussion of the following problem: how in reality there arise
oscillations of K°, K° mesons?

K" (2)
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2. The Theory of K°, K° meson oscillations

In the old theory of neutral K°, K° meson oscillations [6,7] constructed in the frame-
work of Quantum Mechanics, it is assumed that:

1. K° K° mesons are direct produced as superposition states of Kg, K meson states

(see expr. (2)), i.e., K = \IF(KS + K1) and K0 & \IF(KS — K1,). This means that

the K9, K° mesons have no definite mass, i.e. their masses may vary in dependence
on the Kg, K mesons admixture in the K°, K° mesons states.

2. The mass eigenstates are Kg, K, meson states, but not physical states of K°, K°
mesons.
3. K° K° meson oscillations are real (and indeed, K°, K° meson oscillations are real

since masses of K? and K° mesons are equal in agreement with C'PT theorem [8]).

On the example of K%, K° mesons (eigenstates of the strong interactions), we can see
that in duration of the time 10~2*sec (typical time of the strong interactions), the Kg,
K, mesons-eigenstates of the weak interactions at C'P violation cannot be produced,
since their typical time is 1076-107% sec. Besides, every particle must be produced on
its mass shell and it will be left on its mass shell while passing through vacuum. It is
clear that the above-considered picture has a defect and therefore calls for correction.

A statement that K°, K° mesons are direct produced as superposition of Kg, K,
mesons, leads to a conclusion that there is not necessity to take into account that K 0,
K mesons have strangeness. Indeed, we have to proceed from the requirement that
they have strangeness and they are transformed into superposition of K, K9 mesons
at violation of strangeness — S, i.e. K% = %(K? + K9) and K° = %(K? - K9). In
principle, we can assume that K9 K° mesons are transformed into superpositions of
K?, K mesons; and then they are quickly transformed into superpositions of Kg, Kr,
mesons. But this process is a dynamic one, and C'P violation is a very slow process; and
then, there will arise a time delay (a gap) at C'P violation, i.e., at generation of Kg, K,
states (see work [9]). Besides in [3,9] was shown that Kg, K| states are nonorthogonal
ones. Let us to consider it in more detail:

At the time of transition of K°, K° mesons in weak interactions into superpositions
of K? , K9 mesons, there takes place strangeness — S violation. Then, obviously, K7,
K9 mesons have no strangeness. In weak interactions there take place the following
semi-leptonic decay of K — 7~ e, and K° — 7te~ 7, mesons at strangeness — S
violation. K meson has CP parity +1, and main mode of its decay are K¢ — 27
mesons, while K9 meson has C'P parity —1 and main mode of its decay is K3 — 3w
mesons. It is necessary to remark that K¢, K9 mesons also have semi-leptonic mode
7~ et v, nTe U, decays, but since they are superpositions of K°, K mesons, then their
numbers are equal, and as stressed above, their strangeness equals to zero. In this case,
there will arise oscillations [10]; and therefore, K — K9 K° — KO transitions will
arise. Probabilities of such transitions are produced by the following expressions [7] (it is
necessary to assume that K9, K meson states are quasistationary states until the time
they will get transformed into superpositions of Kg, K mesons):

_ _ 1
P(K0—>K0):P(K0—>KO)—4[ it 4 emTat 4 90 wcos((mg—ml)tﬂ, (3)

_ _ 1 t
P(K' - K% = P(K* - K% = 1 [e_Flt T cos((my — mg)t)}, 4)

and expression for asymmetry is determined by the following formula:
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A12(t) _ [P(KO — KO’t) +P(K0 — Ko’t)] _ [P(KO N Ko,t) +P(KO . Kovt)] B
T [P(KO = KO,t) + P(KO — K9),4] + [P(KO — K°) + P(K0 — KO,)]
2 cos|(mag — my )t]e” 1 +T2)t/2
- e—Tit 4 =Tt : (5)

If we are to substitute numerical value of parameters (I'y /T2 = 580, Amjs = 0.533 -
10712 MeV, ' = tI'; ) in this expression, then we obtain:

2 cos[0.474t')e~0-5
125 _
Ay (t) = e~V 1 ¢—0.001750 (6)

Figure 1 gives experimental data obtained in work [5] together with the curve obtained
by using expression (6). It is necessary to stress that these data were interpreted in [5]
as K0 K9 oscillations via Kg, K mesons. It is important to stress that these states are
nonorthogonal states [3,9] therefore they cannot be used for oscillations generation. For
this aim can be used only orthogonal states (i.e., Ky, K9 orthogonal states).

We see that expression (6) for asymmetry is well in agreement with experimental
data. Also, it is necessary to remark that the work [5] has not taken into account that
at C'P violation there has to be present phase § = 43.5°. This phase has to be present if
it is suggested that there are produced superposition states of Kg, K1 mesons (see [10]).
In a case of strangeness violation this phase does not appear. From Figure 1 we can
make a conclusion that K°, K° mesons oscillations come to an end in region ¢’ > (7 — 8)
t' = Tt—c, where 7. = 0.892 - 10710 sec.). These K°, K° meson oscillations come to an
end, since these oscillations are realized via K, K meson states; but since K} mesons
decay quickly, then they will be existent mainly in present long living K9 mesons. Then,
condition for K%, K° meson oscillations is not fulfilled [11].

0.9 T
0.8 z ’ . ’
07 3
0.6 3
05 3

04 3

Asymmetry

03 3

Figure 1. A curve obtained from expression (6) together with experimental data
obtained in work [5].

Then, what will there arise in the system of K, K mesons? Since weak interactions
violate C'P parity, then K?, KY mesons will be transformed into superposition states of
Kg, K1 mesons (eigenstates at C'P violation). It is important to remark that K%, K°
cannot be direct transformed into superpositions of Kg, K mesons since they appear
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only at C'P violation but not at strangeness violation. Also, it is necessary to remark
that weak interactions with C'P violation are a slow process, and it becomes strongly
apparent at t > (7-8)7. (see below), i.e., only at ¢’ > (7-8)7. the main part of Ky, K?
mesons has time to be transformed into superposition of Kg, K mesons; although such
superposition states start appearing direct after the ascent of K¢, K9 meson states).

Then, KV, K9 mesons are transformed in the following superpositions of Kg, Kf,
mesons:

1
K= ——(Ks +¢Kp),
! 1—1—52( s 2 (7)
1
Ky = —— (K +¢Kjg).

iie
where ¢ = |g|e ™.

Now there emerges the following question: Do oscillations between K9, K meson
states take place via Kg, K mesons, or there takes place only interference between these
Kg, K, states? The problem of oscillations existence at C'P violation was consider in
work [9] in detail (see also work [12]). There following conclusion was made: all existent
experimental data on C'P violation are well in agreement with theoretical calculations in
the case when there takes place interference between Kg, K}, states, but not oscillations.
It means that at C'P violation oscillations do not arise and these states are not orthogonal
states. As an illustration, we consider a figure and some expressions from work [9].

Kg, K1, meson states are stationary states, and then their expressions for time de-
pendence are determined by the following formulas:

Ks(t) = e mims—Ts/2t g (0),  Kp(t) = eTme=Te/Dt R (0), (8)

where I'g, I'r,, mg, my, are widths of decays and masses of Kg, K mesons.

Expressions for probabilities of interference of Kg, K1 mesons is obtained by using (8)
and (7) have the following form:

P(K' K| — Ki,t) ~
1
>3 [e(_rst) + lefelTED 4 2lglel3 Ts+TY) cos((mr — mg)t — 5)}, 9)

P(K°, Ky — Ki,t) ~

1
~ [e(ﬁst) + |E|2€(ert) — 2’5’6(%(F3+F1)t) Cos((mL — mg)t — 5)} (10)

An expression for asymmetry Ay, (t) obtained by using expr. (9), (10) has the following
form:

P(K° K9 — K9,t) — P(K°, K9 — K9,t)
P(KO, K9 — K% t)+ P(K°, K? — K0,t)
2¢ cos[(my — mg)t — 6]e~ Ts+T)t/2

= e—Tst | 20— Trt - (1)

A (t) =
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If we substitute value parameters § = 43.5°, I'g = ?lc’ 'y, e=223-10"3, Amrs = Amqo
n (11), then we obtain:

~2-0.00223[cos(0.477¢ — 0.751)]e " (581/1160)
e=t" +(0.00223)2e—t/580 )

Ath(t/) = (12)

Figure 2 shows a curve line obtained by the use of expression (12) together with experi-
mental data obtained in work [3].

The asymmetry A (t') connected with C'P violation become nonzero at ¢ > (7-8),
i.e., C'P violation begins to be evident not direct at t. = 0, but at ¢’ > (7-8); and
asymmetry connected with strangeness — S violation appears at ¢’ = 0: (7-8).
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Figure 2. A curve line obtained by the use of expression (12) together with
experimental data obtained in work [3].

Expression (12) is in agreement with experimental data obtained in [3] at C'P viola-
tion. Kg, K1, meson states are stationary states (i.e., they have definite masses); further,
since C'PT is not violated, nothing will further arise.

_ Thus, from the above-considered experimental data we come to a conclusion that K 0,
K" mesons cannot be direct produced as superpositions of Kg, K, mesons that are eigen-
states at C'P violation. If K°, K° mesons could be direct transformed into superpositions
of nonorthogonal Kg, K meson states then there can arise only interference between
Ks, K|, states but not K° K° meson oscillations. Experiment [3] and calculation [9]
has shown that at C'P violation arises only interference but not oscillations.

As a matter of fact, K9, K mesons have to be transformed into superpositions of K7,
K9 mesons at violation of strangeness — S, and further there take place oscillations (it
is important to remark that K?, K states are orthogonal quasistationary ones). Then
K?, K9 mesons are transformed into superposition of Kg, K1 mesons; and then, there
will take place interference between these states. Such picture is well in agreement with
experimental data [3,5]. As we see we cannot ignore KY, K9 meson states in the system
of K° K9 mesons, and these two processes are realized at different time intervals.

We see that the idea that these both processes — oscillations and interference- can
be realized only through Kg, K states, has no confirmation in the framework of the
standard approach.



92 Bulletin of PFUR. Series Mathematics. Information Sciences. Physics. No 2,2016. Pp. 87-94

Therefore, we have to fulfill some adjustment to the theory of K9 K° oscillations.
Following that, points 1-3 in the beginning of this section obtain the following form:

1. K9 K° mesons are produced in strong interactions, and at strangeness violation by
weak interactions, they are transformed into superposition states of K, K9 mesons
(see expr. (1)); and K°, K° mesons are in their mass shell.

2. KV, K9 meson states are quasistationary states before C'P violation, and they have
definite masses. ~

3. K°, K% meson oscillations are real since masses of K° and K° mesons are equal in
agreement with C'PT theorem [8].

3. Conclusion

In the standard theory of K°, K° meson oscillations, it is assumed that K°, K°
mesons are direct produced as superpositions of Kg, K, mesons (indeed, Kg, K mesons
are produced in weak interactions at C'P violation). Then, K°, K° meson oscillations
have to be realized through these Kg, K mesons and then these mesons are stationary
states. In reality in weak interactions takes place violation of strangeness — S and C'P
parity. Eigenstates at strangeness - S violation are K¢, K9 orthogonal meson states, and
eigenstates at C'P violation are non orthogonal Kg, K meson states. At strangeness
violation, primary K°, K° mesons are transformed into superposition of K, K2 mesons;
and then there arise K°, K° meson oscillations. The K?, K9 states are quasistationary
states. Further at C'P violation, KV, K9 states are transformed into superpositions of
Kg, K1, mesons; then, interference between these Kg, K mesons states arises instead of
oscillations. The Kg, K states are stationary states. This picture is well in agreement
with experiment [3,5]. We see that standard theory of K°, K° meson oscillations is not
in agreement with the experimental data. Indeed, K°, K oscillations go through K9,
K9 states, but not through Kg, K, states.
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Sameuanusi K craHapTHoii Teopun ocrisnuu K°, K° mesoHos.
Hapymenue crpannoctu — S u C'P 4€THOCTU B CJIa0BIX

B3aumoeiictuax B cucreme K°, K° mezonos

]X. M. BemToeB\

Hayuno-uccaedosamenvekuti uHCMUMym npuriadHott Mamemamuky U aemomMamu3auuls
2. Haavuur, Kabapouno-Basxapckan pecnybauxa, Poccus

O6erano mpemanonaraercs, uro K°, K° mezonubie ocrpmsimu peanusyiorcs depes Kg, K
MEe30HHBIE cocTOosiHUA. Hy>KHO 3aMeTuTh, 9T0 Kg, K1 ME30HHBIE COCTOSTHWSI BO3HMKAIOT TPHU
napytneanu C' P 96THOCTH B CIa0bIX B3AMMOIEHCTBUIX, U KPOME ITOTO, STU COCTOSHUS HE SIBJIS-
JOTCsI OPTOTOHAIBHLIME U IIO9TOMYOHH He MOTyT renepuposarh K°, KC MesonHbIe ocimisanum.
Ha camom zese, npu mapyutenun crpaunocta — S, K° K° mesonsr npespamalorcs B cymep-
[O3UI[MOHHbIE COCTOSIHUS OPTOrOHANBHBIX KV, K MEe30HHBIX COCTOSIHWIL, W [ajee Uepe3 Tu
cocrostanst BosuukaoT K°, K° ocrpisaimu. B gansneitniem npun C P mapymennn KY, K9 we-
30HBI TPEBPAIIAIOTCS B CYIEPIO3UIINOHHBIE cocTosinnst Kg, K Me30HOB, W jajiee BO3HUKAET
nHTepeperIus mexay 3tumu K g, K, ME30OHHBIMU COCTOSTHUSIMU, HO OCITUJLJISIIIUN TIPU 3TOM He
BO3HUKAIOT. Takas KapTUHA HAXOJMTCS B XOPOIIEM COIVIACUM C KCIIepuMeHTOM. M Tak, mpuxo-
UM K 3aksmovennto: ocipuisinnn KO, K° mesonos peasiuzyercs depe3s K 0 K9 mesonbl, a He
gepe3 Kg, K1 Me30HBI.

KuroueBrle ciioBa: Me30HBI, C1abble B3aNMOJIEHCTBUS, OCIUJIIAIINY, UHTepMEPEHIINs, CTPAH-
HOCTb, YETHOCTh, HAPYIIIEHNE, TEOPUS OCIHJIIIAIII
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