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It is demonstrated that the theoretical formula for asymmetry, which
has been used to determine mass difference my, —mg, by its comparison
with the CPLEAR Collaboration data, is incorrect. If one considers the
K% & KO oscillations through Ki, and Kg mesons to be defined in order
to take into account CP violation in K-meson physics, the correct theoret-
ical formula for asymmetry is calculated and by its comparison with the
CPLEAR data, slightly different value for mg, — mg, is expected to be
found. If KO «+ KO oscillations through Ky and K; mesons, which reflect
CP conservation in K-meson physics, are calculated, formally the identical
theoretical formula for asymmetry is found with that used by the CPLEAR
Collaboration, however, it depends on mg, —mg, mass difference and also
on the 'k, and I'k, decay widths as unknown parameters. We expect that
by a comparison of the latter with the CPLEAR Collaboration data, one
can, in principle, find mass difference mg, —mg, and also the decay widths
of K5, K1 mesons for the first time.
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In paper [1], the following theoretical expression for the asymmetry, as-
suming a validity of the AS = AQ rule,

(FKS+FKL)

2 x cos[(mg;, —mg)tle” =2t

Ath(t) = (1)

* Presented at “Excited QCD 2016”, Costa da Caparica, Lisbon, Portugal, March 6-12,
2016.

€_FKSt + e_FKLt

(627)
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has been used to determine the mass difference mg, —mpg, from the CPLEAR
Collaboration data (Fig. 1), which have been obtained by measurements of
the semi-leptonic decay rates of neutral K mesons

Ri(r) = R(Kt 0= T ety T), (2)
R_(1) = R(K_y— e r) , (3)
R_(1) = R(KLy— e ey) , (4)
Ri(t) = R(KLy—m etv,), (5)

“tagging” the “strangeness” S of neutral K mesons by the charge sign of the
“positron” and “electron” in final state, and afterwards an evaluation of the
relation

[R (1) +R_ (7')] — [}:2+(T) + R,(T)]
[R (1) + R_ (7‘)] + [R+(7‘) —I-R,(T)] ’

Aexp(7) = (6)

where 7 is the decay eigen-time of the neutral K(S) meson. Further, we show
that the applied formula (1) is incorrect.
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Fig.1. The data on asymmetry to be obtained by the CPLEAR Collaboration.

The neutral K mesons KY and K°, with the “strangeness” S = +1
and S = —1, respectively, are produced by the p annihilation at rest in a
hydrogen target pp — K 77 K" or K7~ K° (CPLEAR at CERN) each
having the branching ratio 2 x 1073, The “strangeness” S of these K mesons
is “tagged” by measuring the charge sign of the accompanying K+ mesons,
therefore, it is known “event by event”. The quantum number “strangeness” S
is conserved in strong and EM interactions. The violation of S in weak
interactions is responsible not only for decays of K° and K° mesons, but
also gives rise to the so-called “oscillations” of neutral K mesons K9 < K°
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in time. Both K" and K° can decay into two pions 7%, 777~ and also
into three pions 707%7°%, 77~ 7Y, whereby these pion systems possess well-
defined “CP-parity”, +1 and —1, respectively. However, neither K 0 nor K 0
are eigen-states of CP operator, because CP|K?) = —|K") and CP|K?) =
—|KY).

On account of this reason, new particles K7 and K3 have been defined
to exist as a superposition of K° and K°

1 0 0 0
S5 (K0 =K%)K =

with definite CP parity values
CP|K?{) =+|K{), CP|KJ)=—|K3). (8)

1

|KY) = (K% +[&) (@)

S

2

As a result of the latter, K can decay into two pions and K3 can decay
into three pions. But Christenson, Cronin, Fitch and Turlay in 1964 [2] have
revealed the decay of K into two pions K§ — 777, 7%7Y with some small
probability, which violates CP invariance.

As a consequence, another two neutral K mesons, K[S) and KB to be a
linear combinations of K ? and K9, have been introduced to exist

1

|K3) = \/TW(\K?%L&\K%)?
KD) = ——— (c|KD) + [KD)) . )

V14 e

where ¢ is a complex CP-violation parameter with |¢| = 2,3 x 1072 and the
CP-violation phase & = 43, 5°.

Substituting (7) into (9), one obtains relations between KJ, K{ and
KO, K0

KOy = — L (1+¢)|K% —(1—¢)|KY],
} S> ﬂ 1+|€|2[ } > ‘ >]
K :;(1+)K0+(1—)K_0 : (10)
|KT) 7 1+|5|2[ e) |K°) e) |K")]

The inverse to them relations take the forms

Vi+lel
|K°) Valte) [|KS) + |KD)]
_ 1+ |ef?

|K?) = NI [ [KS) +|KL)] (11)
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which are suitable for a calculation of the theoretical expression for the
asymmetry containing the mass difference of KE and Kg mesons as free
parameter.

The time evolution of state vectors |KJ) and |K7}) is given by the ex-
pressions

[K3()) = e s IS KS(0))
[KR() = e I KD(0)) (12)

with mg, mr, and I'g, FL the masses and decay widths of K3, K E, respectively,
and finally for | K°(¢)) and | K°(t)), one can then write

’KO( > — % [ —imgt— Fs/2t —szt—FL/2t) ’K0(0)>
Ei - ) ( e imst— Fs/2t —szt—FL/Qt) ‘KO(O)>] , (13)
’KO(t)> — % Ei i_ z; (_e—imst—Fs/Qt + e—imLt—FL/2t) ’KO(O)>

+ (e—imgt—Fs/Qt + e—imLt—FL/2t) ’KO(O)>] . (14)

The probability that the K° meson produced at the moment ¢ = 0 will
be at the moment ¢ # 0 in the state of K O meson is given by the absolute
value squared of the product (K°(0) | K°(t)), i.e.

P(KO(O) = Ko(t)) -

1 (1 + le* + 2Re€)

(FS"'FL)t
2

- [e_Fst + e~ 1Lt — 2 cos[(my, — mg)t]e” , (15)
4 (1 +|ef* - 2Re€>
whereby the orthogonality of [KY(0)) and |K°(0)) states is exploited.
Similarly, the probability of inverse transition is
P(KO(O) = Ko(t)) -
2
1 (1+’€‘ —2Re€> (rs+17,)
- [epst + e~ Ttt — 2 cos[(my, — mg)t]e” Eadl (16)
4 (1 + le]* + 2Re€)

One can see immediately that P(K°(0) — K°(t)) # P(K°(0) — K°(t)) as

now we consider CP violation.
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In order to calculate the theoretical asymmetry, one has to calculate also
P(K°(0) — K%t)) and P(K°(0) — K°(¢)) in a similar way.
They are

P(KO(O) = Ko(t)> = P([_(O(O) - Ro(t))

1 (Ks+11)
=1 [ert + e Lt 4 2cos [(my, — mg)t]e” i t] : (17)
Such asymmetry is then [3]
I'g+1I7
2 cos [(my,—mg) t] e_( S &22‘52 (e I8t~ ILt)
CPviol (1) _ (1+1=1%)
Ath (t)_ 5 (rs+r.) ° (18)
(e~Tstpe—Trt) — _ARCE 9cog[(mp—mg)t]e” 2

(1+1el%)

however, completely different from (1), so its comparison with the CPLEAR
data have to give different value for the mass difference mg, — mg,.

If we would like to calculate the oscillations of neutral K mesons through
the K and K9, one has to start with the relations

K0 = S (D) +[K8) . K%)= S5 (< |KD) +[KD) . (19)

which are just the inverse transformations to (7) by means of which the
existence of |KY) and |K3) has been introduced.
The time dependence of state vectors of K¥, K9 is
[K9(1)) = eI KD(0))
|[K3(t)) = emmat =2 KD(0)) (20)

with my, mg and I, I'; the masses and decay widths of K, K9, respectively.
Then, for the state vectors | K°(t)), | K°(t)), one can write expressions

‘Ko(t)> _ % [e—z’mlt—Fl/Qt i 6—im2t—F2/2ti| |K0(0)>

—l—% [e—imzt—Fz/Qt _ e—imlt—F1/2t:| ‘K0(0)> : (21)
‘f(o(t» _ % |:e—im2t—F2/2t _ e—imlt—F1/2t:| |K0(0)>

+% [e—imlt—Fl/Qt + e—imgt—f‘g/Qt} ’K0(0)> (22)

to be ready for calculations of the K9 «» K oscillations.
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In order to find an explicit form of the theoretical asymmetry AGF consd(t),
one has to calculate probabilities of the following transitions: P(K°(0) —
K°(t)), P(K°(0) — K°(t)), P(K°(0) — K°)) and P(K°(0) — K°(t)).

The probability that the K° meson produced at the moment ¢ = 0 will
be at the moment ¢ # 0 in the state of K meson is given by the absolute
value squared of the product (K°(0) || K°(t)).

Similarly is the reversed probability, whereby the orthogonality of K°(0)
and K°(0) states is exploited.

The result is

P(KO(O) = f(o(t)) = P(KO(O) = Ko(t))

1 (I'1+19)
=1 [e_Flt—l—e_FQt —2cos[(mg —my)t]e” E t}

(23)

as we consider the CP invariance which creates T invariance because of the

CPT conservation. B B
One has to calculate also P(K°(0) — K°(¢)) and P(K°(0) — K°(t))
transitions in a similar way, which are taking the following form

P(KO(O) = Kﬂ(t)) = P(f(o(o) - Kﬂ(t))

1 (I +T5)
=1 [eilﬂlt—l—e*ﬁt%—?cos [(m2 —mq)t]e” = t} .

(24)

Substituting all these probabilities of the corresponding transitions into
the theoretical asymmetry

[PKO(O)—>K0(t) +P f<0(o)—>f<0(t)] - {P R0(0)—sk0(t) T P KO(o)—>f<0(t)}

A= ,
[P KO(0)—KO(t) T P KO(O)Hf(O(t)] + [P Ko0)—KOo(t) T P KO(O)ﬁ\f(O(t)}
(25)
where A = Ay, (t) and finally, the following expression
_(I+1o)
ASIP consd(t) _ 2 X cos [(mQ - ml) ﬂ € z ! (26)

e—Flt + e—th

is found, which formally is identical with formula (1), but depending on the
mass difference mg, — mg, and moreover, also on the widths I'x, and Ik,
as free parameters.

So, we expect that by a comparison of this expression with the CPLEAR
Collaboration data, one can determine mg, — mg,, I'x, and [g,, for the
first time.

Unfortunately, the CPLEAR Collaboration data have never been pub-
lished in a numerical form and they are presented only in the figure in [1].
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