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H pymenne C'P-UHB pU HTHOCTH I KB PKOB M HEHTp JBHBIX
K-, D°-, BY-, B%-me30H0B B cl1 GbIX B3 UMOIEHCTBUSX

P GoT moCBsIleH P CCMOTPEHMIO BO3BMOXHBIX cXxeM BBeneHus C'P-H pylieHus
IUIS HEUTP JIBHBIX ME30HOB M KB PKOB B CJ1 ObIX B3 MMOHeHCTBHsX. OTMEYeHO, 4TO
B obmeMm ciyy e BeepeHne C'P-¢ 3bI TOJBKO IS NEPBOrO U TPEThEro CEMEHCTB
SIBJISIETCS HEKOPPEKTHBIM. T Kue ¢ 3bl HyXHO BBOAUTH U JUISL OCT JIbHBIX CEMEHCTB,
U TP 9TOM He 0053 TeJIbHO, YTOOBI 9TH ¢ 3bl OBUIM OJMH KOBBIMH IJIs BCEX Ce-
meiicts. Kpome Toro, p ccmotpensl H pymienus C'P-uns pu uraoctu ana KO-, DO-,
Bg-, Bg-Me3OHOB, rae kpome C'P- 3 mosiBysiioTest yriibl cMewus Hus 31, Oc, Bas Os-
[TomyyeHs! BbIp KeHHS WISl BepoITHOCTEH nepexonos npu C' P-H pyLIeHHd Wi 9THX
Me30HOB. B 3 kimouenue obcyxn ercs cxem CP-H pywenus mis d-, s-, b-KB pKOB,
IJle MOSIBIISIIOTCS YIVIBI UX CMEIIMB HUSL U ¢ 3bI.

P 6ot BemomHen BJI 6op Topmu huszuKu BICOKUX dHepruii uMm. B. . Bexciep
n A M.b muun  OUSH.
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Violation of C'P Invariance for Neutral K°, D°, BY, BY Mesons
and Quarks in Weak Interactions

CP violation in the Kobayashi-Maskawa matrix was introduced by using phase
0 which is the same for the three families of quarks. However, analysis of C'P
violation of mesons has shown that new small-angle mixings appear besides of C' P
phases. This work is devoted to the consideration of possible schemes for introducing
CP violation. It is noted that in general case it is not correct to use C' P phase only
for the first and third quark families as it is usually introduced. CP phase has
to be presented for all quark families, and moreover these phases cannot be the
same for all families. Besides, a common case of CP violation was considered
for K9 DY BY, BY mesons, where mixing angles and phases are present at CP
violation. Expressions for transition probabilities for these processes are given. In
conclusion, mixing of d, s, b quarks at C'P violation was considered with taking into
account their angle mixings and phases.

The investigation has been performed at the Veksler and Baldin Laboratory of
High Energy Physics, JINR.
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1. INTRODUCTION

Previously it was supposed that P parity is a well number, however, after
theoretical [1] and experimental [2] works it has become clear that in weak
interactions P parity is violated. Then in work [3], there has been an advanced
supposition that C'P parity, but not P parity, is conserved in weak interactions.
Work [4] has reported that there is two w-decay modes in K decays with a
probability of about 0.2%, which is a detection of C P-parity violation.

It has been detected that strangeness S also is violated in weak interactions [5]
(see also references in [6]). In order to solve this problem, N.Cabibbo [6]
proposes to introduce matrix mixing of d, s quarks. Then we can connect the
decay modes of mesons (for example, 7 and K mesons) or giperons. For this
aim, it is necessary to use charged weak interactions current j% of d, s quarks
(of two quark families) in the following form:
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where V characterizes the mixing of d and s quarks, and 6 is the angle mixing

of d, s quarks
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This approach was then extended for the case of three quark families by Kobayashi
and Maskawa in [7]. In the case of three quark families, there appears a parameter
violating C'P parity, while in the case of two quark families this parameter is
absent. For introduction of the three quark mixings, we will use again charged
vector current J#, which has the following form:
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It is more suitable to choose parameterization of V' in the following form, which
was proposed by Maiani [8]:

1 0 0 (6%} 0 S5 exp(ficS) Co S 0
V=10 ¢ s, 0 1 0 —sg cg 0],
0 —sy ¢y —spexp(id) O cg 0 0 1

cog =cosB, sp =sinb, cg =cos, cy = cos~y, exp(id) =cosd +isind, (5)

where 6, 3,~ are mixing angles of three quarks and ¢ is the parameter of C'P
violation. It is important to remark that the parameter of C'P violation is the
same for all three quark families, i.e., it is a global parameter.

2. CP VIOLATION IN MESON SECTOR

Before considering C'P violation, let us consider the case of Kobayashi—
Maskawa matrix V'’ when the parameter of C'P violation is zero (6 = 0)

Vud Vus Vub
V=V Ves Vo [,
Via Vis Vo
1 0 0 Cca 0 S Co So 0
Vi=|0 ¢ s, 0 1 0 —sp cg 0. (6)
0 -5, ¢y —sg 0 cg 0 0 1

Values of 9 parameters V,, ;,a = 1—3,b = 1— 3 are established [9] by now. The
values of 0, 3, ~y, are established also, but value of § has not been estibleshed
with high precision. Besides, the expression for V' in (5) can have another form.
For expample, it can be in the form

1 0 0 (&%} 0 53 Co Sp €XP (715) 0
Vo=|0 ¢ sy 0 1 0 —sp exp (i) co 0],
0 —s, ¢y —s3 0 cg 0 0 1
or in the form
1 0 0 (6%} 0 S Co S 0
V=10 Cy S exp (—i9) 0 1 0 —s9 cg O 8)
0 —syexp(id) Cy —sg 0 cg 0 01

It is not obligatory that the parameter § in V, V5, V3 must be the same. It can be
different: &, d2, 03.

Let us consider more realistic case, but first consider C'P violation for neutral
K° D° B° mesons.



2.1. The Case of K°, K Mesons. At strangeness violation, K°, K° mesons
are transformed into superposition states of K, K9 mesons

UKV EY o KY- K3 o
i Vi

and it leads to K°, K meson oscillations via K, K9, which dominate in the
time range ¢ =~ 0.0 <+ 87xo (7o is the lifetime of K7 and 740 2 7, mesons).

K()

CP violation in the system of K° mesons was widely investigated experi-
mentally [1,4,9,10] and theoretically [11,12]. At C'P violation in the system of
K° mesons, oscillations are absent and there is realized the interference between
Kg, Ky, states, which appear at C'P violation

K9(t) = cos p1Kg(t) 4 sin By e K1 (1),

. ’ (10)
K5 (t) = —sin 1 e7** Kg(t) 4 cos f1KL(t),
where [; is the angle mixing at C'P violation, and d; is the C'P phase.
There can be the case [11], when
K(t) = cos i Ks() +sin By 6% Ky (), (10)
K9(t) = —sin () €1 Kg(t) + cos f1KL(t).
If we separate (factorize) time dependence of Kg(t), K, (t), then
—iBgt—15t —iBpt— 1Lt 1
Kg(t) =e "' 3" Kg(0), Kr(t)=e """~ 72 K1 (0), (10")

where EZ = (p*> + mi), k = S,L and I's,T';, are decay widths of Kg, K|,
meson states.

Then the probability P(KY K — K?,t) of the KY(t) meson state pres-
ence in dependence on time ¢ for primary K° meson is given by the following
expression [12]:

1
P(K° K} — K),t) = |K)(t)|* ~ 3 {exp (—Dst)+
1
+e?exp (—T'pt) + 2¢ exp (§(I‘S +1y) t) cos((Er — Es) — 61)75} , (1)

and the probability P(K°, K — K7{,t) of the K{(t) meson state presence in
dependence on time ¢ for primary K" meson is given by the following expression:

_ 1
P(K°, K} — K),t) = |K)(t)|” ~ 3 {exp (—Dst)+
1
+ e exp (—T'pt) — 2¢ exp (§(I‘S +1y) t) cos((Er — Es) — (51)75}7 (12)

where € = sin (; is the parameter of mixing at C'P violation [12].



Value for sin 81 ~ 2.23- 1073, §; ~ 43° (see [1,4,9,10]). The Kg, K,
meson interference dominates at ¢t > 87k . It is important not to mix it up with
K°, K° meson oscillations, which dominate at ¢ < 87!

2.2. The Case of D°, D° Mesons. The case of D°, DY mesons fundamentally
differs from the K°, K° meson case, since they consist of ¢, u quarks D° = cu
and D° = cu. It is supposed that u,c,t quark states are not mixed in weak
interactions, while d, s, b quarks are in mixed states (see Eq. (4)). Therefore the
quark block diagram for D° D° meson oscillations will strongly differ from the
K° K° meson oscillations case. We will not come to detailed consideration of
DO, D° meson oscillations, since we are interested in C'P violation. However, it
is necessary to remark that observation of D°, D meson oscillations is a very
difficult problem. The task to detect C'P violation in this case is also a very hard
problem.

At violation of d, s, b number in weak interactions, D°, D° mesons are

transformed into superpositions of DY, DY mesons

:D(1)5+D(2)c D():D(l)ciDgc
\/5 ; \/5 ;

and it leads to DY, D° meson oscillations via DY

D° (13)
- e D(Q)(,
At C'P violation in the system of D° D° mesons, oscillations have to be

absent and there is realized the interference between Dg.(t), Dp.(t) states, which
appear at C'P violation

D?c(ﬁ) = COs ﬁcDSc(t) + sin ﬁc eiécDLc(t)7

R " (14)
D5 (t) = —sin Be.e7 ¢ Dg.(t) + cos B.Drc(t),
where (. is the angle mixing at C'P violation and d,4 is the C'P phase.
There can be the case [11] when
DY.(t) = cos B.Dsc(t) + sin 5" Dy.(t), (147

Dgc(t) = —sin S, ei‘sCDSC(t) + cos BcDr.(t).

If to use the procedure which was done in (11), then the expression for probability
P(D° DY, — DY, t) of the DY_(t) meson state presence in dependence on time
t for primary DY meson gets the following form:

1
P(DO, D‘fc — D(fc, t) = |D(1)C(t)|2 ~ 5 {exp (—Tset) + 53 exp (—I'r.t)+

1
+ 250 €xp (§(FSC + FLC) ﬁ) COs ((ELC - ESC) - 5c)t ; (15)



and the probability of the presence of DY (t) meson state in time ¢ dependence
for primary DY meson is given by the following expression:

_ 1
PP, DY, = Dhst) = IDR(0)? = 3 | exp (~Tct) + € exp (~Tset)-

1
— 2¢. exp <§(FSC +Tre) t> cos ((Ere — Esc) — da)t|, (16)

where 4 = sin (¢, I'se, I'Lc are the decay widths of Dg., Dy meson states [12].

Until now, an indication of a strong presence of C'P violation in experiments
with DY, DY mesons [13] has not been found.

2.3. The Case of B°, B Mesons. In this case, B°, B’ mesons consist
of quarks, which are in mixed states in the framework of weak interactions.
In contrast to the K meson case, here there will be two states B} = bd and
BY = bs. The quark block diagram for BY, B® mesons will work in analogy
with the K9 K° meson case (i.e., oscillations will take place there). Now we
will consider some C'P violation. As in the case of K9 mesons, at C'P violation
there has to arise interference between C' P = +1 states. But observation of this
interference term in experiments is a very hard task, since BY, BY have big masses
and, hence, very many decay canals. Unfortunately, an indication of the strong
presence of C'P violation has not been found until now in experiments [14] with
BY, BY and B?, BY mesons. Nevertheless, we can introduce, in analogy with K°
meson parameters, mixing angles and phase d4s of C'P violation.

At violation of b-number in weak interactions, Bg, Bg mesons are trans-
formed into superpositions of BY,, BY, bosons

BYy + By B0 — BYy — By,
\/5 ) d \/5 )

and it leads to BY, BY meson oscillations via BY,, BY,.

At CP violation in the system of B°, BY mesons, oscillations have to be
absent and there is realized the interference between Bgy, Bpg states, which
appear at C'P violation

By = (17)

B(l)d(t) = COS 6dBSd(t) + sin ﬂd eiadBLd(t),

R ) i (18)
BQd(t) = —sin 6de ¢ dBSd(t) + cos BdBLd(t)a
where (34 is the angle mixing at C'P violation, and d,4 is the C'P phase.
There can be the case [11] when
B?d(t) = cos B4Bsa(t) + sin S eiédBLd(t), (18")

Bgd(t) = —sin Gy e'dd Bgy(t) + cos BaBra(t).



If to use the procedure which was done in (11), then the expression for prob-
ability P(BY, BY, — BY,,t) of the BY,(t) meson state presence in dependence
on time ¢ for primary B meson gets the following form:

1
PUB} By — B ) = B0 = 5 | exp (~Tisat) 4 <5 exp (-Tpat)+

1
+ 2e4 exp (§(F3d +Tra) ﬁ) cos ((Frqa — Esa) — 6d)t} , (19)

and the probability P(BY, BY; — B}, t) of the presence of BJ,(t) meson state
in time ¢ dependence for primary BY meson is given by the following expression:

_ 1
P(B} By — B ) = (B0 = 5| exp (~Tsat) + 2 oxp (~Tat)-

— 2e4 exp (%(FSd +Tra) t) cos ((Frqa — Esq) — 6d)t} , (20)

where €4 = sin (4, I'sq, I'Lq are decay widths of BSdlBLd meson states [12].
At violation of b number in weak interactions, B?, B mesons are transformed

into superpositions of BY,, BS_ bosons

0 0 0 0
BoiBls—’—BQs BOiBls_B2s
s 9 s 9
V2 V2
and it leads to B?-, B%-meson oscillations via BY,, BY,.
In the case of BQ, B‘S) mesons, we have Bgg, B states, which appear at
CP violation

ey

B‘fs (t) = cos BsBgs(t) + sin [ 0 Bys(t),

0 5 (22)
Bs,(t) = —sin s e Bgs(t) + cos BsBrs(t),
where [, is the angle mixing at C'P violation, and §; is the C'P phase.
There also can be the case [11] when
BY_(t) = cos BsBgs(t) + sin B, e By (1), (22

BI.(t) = —sin (3, e Bg,(t) + cos BsBrs(t).
If to use the procedure which was done in (11), then the expression for prob-
ability P(BY, BY, — BY,,t) of the presence of BY,(¢) meson state in dependence
on time ¢ for primary B meson gets the following form:

1
P(B} By — B ) = IBL(OF = | exp (-Tsut) + 2 xp (-T1at)+

1
+ 2e5 exp (5 (FSS + FLs) ﬁ) Cos ((ELS - ESS) - 65)t ) (23)



and the probability P(BY, BY; — BY;,t) of the presence of By, (t) meson state
in time ¢ dependence for primary B meson is given by the following expression:

_ 1
P} By = B ) = IB(OF = 5 | exp (-Tsut) + 22 exp (T
1
— 264 exp (5(1’55 + FLs)t) cos ((Frs — Ess) —ds)t|, (24)
where € = sin (,, ['ss, I'Ls are decay widths of Bg,, Brs meson states [12].

3. C'P VIOLATION IN THE QUARK SECTOR

Now let us return to C'P violation for quarks, but with another approach than
it was done in [7]. There C'P violation becomes apparent by using C'P phase 4.
But at consideration of C'P violation in the case of K%, K°, mesons we see that
there appears a new angle mixing (3; and the phase J;, while the angle mixing [3;
in [7] is absent. For simplification we will consider C'P violation in quark sector
using pairs of quarks. For the first pair we have

"\ cos 3} sin 3] i1 d’ 25)
s" ), \—sin Bl et cos 3} s' ),

It is obvious that 8] # (1 and &} # 0.
For the second pair of quarks we have

d’ cos 6] sin 0] e d’
= o . 26
( b’ )L ( —sin 0}z cos 0] v ), (26)
For the third pair of quarks we have
s cos v} sin +] ei% s’
(), = (om0 ) (), @n
I e cos v{ I

Probably origin of all the above parameters (31, 67, 71, 01, 05, 05 has a dynamic
character and, therefore, for computation of values of these parameters, it is
necessary to know the precise dynamic nature of C'P violation.

CONCLUSION

CP violation in Kobayashi-Maskawa matrix has been introduced by using
phase 4, which is the same for the three families of quarks. However, analysis of
CP violation of mesons has shown that new small angle mixings appear besides



of C'P phases. This work is devoted to the consideration of possible schemes for
introducing C'P violation. It is noted that in general case it is not correct to use
CP phase only for the first and third quark families as it is usually introduced.
CP phase has to be presented for all quark families and, moreover, these phases
for all families cannot be the same. Besides, the common case of C'P violation
has been considered for K9, DY, BY, BY mesons, where mixing angles and phases
are presented at C'P violation. C'P violation for K mesons is determined by the
angle mixing 3] and phase §7; for BY meson, by the angle mixing 34 and phase
d4; and for B? meson, by the mixing s and phase Js. Also are given expressions
for transition probabilities for these processes. And in conclusion mixing of d, s, b
quarks at C'P violation has been considered with taking into account their angle
mixings and phases (i.e., there C'P angle mixings appear besides of C'P phases).
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