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Abstract: We present the novel V — K*K~(V = ¢, p,w) resonance, which generates a strong phase associated with

vector meson resonances, leading to significant CP asymmetry in the interference region. The ¢ — K¥K~,

p— K*K™, and w —» K*K~ resonances arise from the mixing of the vector mesons ¢, p, and w. We calculate the

CP asymmetry from the decay mode of B — KKn(K). Meanwhile, the localized CP asymmetries are presented and a

detailed analysis is performed. The CP asymmetry from the decay mode of B~ — ¢n~ — K*K~x~ is also presented

in our framework, which is highly consisted with that of the LHC experiment. The introduced CP asymmetry can

provide a favorable theoretical support for experimental exploration in the future.

Keywords: CP asymmetry, B decay, meson mixing

DOI: 10.1088/1674-1137/acf037

I. INTRODUCTION

Research on CP asymmetry in the field of particle
physics has received considerable attention and dates
back to 1964 [1]. The terms C and P refer to charge con-
jugation transformation and parity inversion transforma-
tion, respectively [2]. CP asymmetry is a crucial plat-
form for discovering new physical signals and exploring
the standard model (SM). Over the years, researchers
have made significant progress in understanding CP
asymmetry through experiments conducted at various
particle accelerators around the world. Exciting discover-
ies in such experiments help us better understand how
particles behave under different conditions. However,
there are still unknown modules when studying CP asym-
metry. Nowadays, studies on the B meson from both the
theoretical and experimental perspectives play an increas-
ingly important role and are considered established.
These studies can help explore the SM and reveal the
quality of interactions between mesons. Meanwhile, the B
meson contains a heavy b quark, which makes its decay
processes highly suitable for detecting CP asymmetry

owing to significant perturbation effects. In this study, we
investigate the novel V — K*K(V =¢,p,w) resonance,
which generates a strong phase associated with vector
meson resonance and can result in significant CP asym-
metry within the interference range. The resonances of
vector mesons can not only offer rich physical mechan-
isms for research on particle characteristics but also
provide valuable information on intermediate mesons in
multi-body decay processes [3].

To theoretically investigate the popular non-leptonic
weak decay of the B meson, methods such as perturbat-
ive QCD (PQCD) [4] and QCD factorization (QCDF) [5]
have been fully explored and widely used by researchers.
The PQCD method is employed to extract the hard com-
ponent attributed to transverse momentum, where QCD
correction is involved and treated as perturbative theory.
The Sudakov factor is introduced to mitigate the non-per-
turbative effects. The hadron wave function incorporates
the contribution of non-perturbative effects. In the frame-
work of QCDF, we can take the limit to infinity and neg-
lect high-order 1/my, contributions when the quark mass
is extremely large (e.g., b quark) in weak decay pro-
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cesses under the heavy quark limit. The amplitude of
two-body non-leptonic decay can be expressed as the
product of the form factor from the initial state meson to
the final state meson and the light cone distribution amp-
litude of the other final state meson in the heavy quark
limit. The non-leptonic three-body decay of the B meson
has been successfully resolved and widely adopted by re-
searchers in recent years. Studying CP asymmetry in B
meson decay processes with final states of 7 and K under
QCDF via resonance effects is a highly effective ap-
proach [6, 7].

The vector meson dominant model (VMD) predicts
that the vacuum polarization of the photon is composed
of the vector mesons p°(770), w(782), and ¢(1020) [8].
The neutral vector meson is predominantly coupled to the
two-pion state when e*e™ decay into the pair z*n~. The
decays of w(782)(¢(1020)) and p°(770) transition to the
a*n~ pair and originate from isospin breaking and con-
servation related to the mixings of p°(770)— w(782) and
p°(770) — ¢(1020) [9]. Through the unitary matrix, the
physical and isospin states of the intermediate resonance
hadrons can be combined, yielding a dynamics mechan-
ism that arises from interference among ¢(1020), p°(770),
and w(782) mesons. The presence of new strong phases
may impact CP asymmetry in hadron decay within this
framework.

As a whole, this paper provides a brief introduction to
the research background and situation. In the Section II,
we analyze the resonance effect in the three-body decay
process by examining both the physical mechanisms and
detailed formalisms in Subsection A. Then, we conduct a
comprehensive analysis of CP asymmetry in the decay
processes B — K*K"K°(n®) and B~ — K*K"K~(n”) un-
der the vector meson resonance mechanisms ¢ —» KK~
p— KK, and w —» K*K~ in Subsections B and C, re-
spectively, which are the main parts of this study. We
then take the decay process B — ¢K° — K*K~K° as an
example to illustrate the form of the decay amplitude
after considering the above resonance effect and present
the typical three-body decay amplitude in Section III. The
numerical results of the analysis of CP asymmetry and
the localized form are given in Section IV. We present
the summary and conclusions in Section V.

II. ANALYSIS OF THE THREE-BODY DECAY
PROCESS

A. Mechanism of mixing

Based on the model dominated by vector mesons, the
polarization of the $(1020), p°(770), and w(782) vector
mesons is induced by photons generated from the annihil-
ation of positron-electron pairs. These mesons can sub-
sequently decay into K*K~ pairs. Then, we are able to

construct physical particle states by utilizing the isospin
fields ¢;, p?, and w;. The two representations are related
through a unitary matrix R [9].

Because the resonance effect is not a physical field,
the unitary matrix R is required to transform the isospin
field into a physical field. A relationship between the
isospin field (¢;, 09, wy) and the physical field (¢, p°, w)
can be established using the unitary matrix R, which can
be expressed as follows [10]:

<pllo> <wilp> <ilpo>
R= <pllw> <wlw> <¢/w>
<plp> <wlp> <¢ilp>
1 —Fpu(s)  —Fpy(s)
= Fpu(s) 1 —Fp(s) s (1)
Fop(s)  Fug(s) 1

where F,,(s), Fpp(s), and F,u(s) are of the order O(1),
(1< 1) [9]. The physical manifestation of this transform-
ation can be articulated as p° = p¥ = F,,(s)ws — Fpp(s) Py,
W = Fpo(5)) + wp — Fup(s)®@;, and @ = Fp(s)p? +
Fw¢(s)u)1 + (1)1 .

Using the representation forms of the physics and
isospin, we establish the following definitions for propag-
ators: Dy,y, =(0|TV;V,|0) and Dy, =(0ITV{V30). V,
and V, of Dy,y, denote one of the mesons belonging to
0°, w, and ¢. In fact, Dy,y, is equal to zero owing to the
absence of three-vector meson mixing in the physical rep-
resentation. Furthermore, based on the expression of
three-vector meson mixing under physical states, the
parameters Fj,, F,s, and F,s are ordered by O(1)
1<1).

There are higher order terms resulting from the con-
tributions of two or more terms, which can be safely dis-
regarded [9]. Consequently, we obtain

Tlp
’Fp¢:S_S 5F
p [

we Sw—S¢’

@)

where II,,,, IL,4, and II,4 are the mixing parameters, and
Sy and my denote the inverse propagator and mass of the
vector meson V (V = ¢,p,w), respectively. The propagat-
or Sy is associated with the invariant mass +/s, which
serves as a reliable indicator of CP asymmetry.

The mixing parameters p—w, p— ¢, and w—¢ are ex-
tracted from the e*e™ — 7t~ experimental data [11—14].

Then, we define

Sy ~  Soll,
pp = Sp—g > Hw¢= S _g s (3)
P ) w—O¢

U Vi | P
P S,=8y
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where the mixing parameters ﬁpw(s), ﬁp¢(s), and ﬁw¢(s)
are the momentum dependence for the p—w, p—¢, and
w — ¢ interferences, respectively [15].

From the above equations, we obtain Tl,,, I1,,, and

N . L= Sy II
I1,4 according to the definition Ily,y, = % For ex-
v, =9V,
Splly, Sl ~  ~
ample, we can use 2 (%) to define T, (I1,,),

S)=S0 8,8
which is also available for the conversion of the mixing
parameters ﬁwa&(gbw) and ﬁp¢(¢p). The mixing parameter de-
pends on the momentum, including both the resonant and
non-resonant contributions. We expect to search for the
contribution of this mixing mechanism in the resonance
region of the w and ¢ mass.

Then, we can present “Reﬁpw(mf)) = (—4760 + 440)
MeV?2, Imll,,(m2) = (~6180 = 3300) MeV?; Rell4(m3) =
(796 +312) MeV?, Smﬁp¢(m§) = (=101 +67) MeV?;
ReTlp(m3) = 19000 Meyz, Smﬁgtﬁ(mé) = (2500 +300)
MeV?, on the basis of I1,,(s) = Rell,, (m2) + ImIL,, (m2),
T4(s) = ReTlg(m3) + ImIT e (m3), and T4(s) =
ﬂﬁeﬁw(mé) + Smﬁwqﬁ(mé).

B. Formalism of CP asymmetry
We take the B® — ¢(w,p?)K® — K*K~K° decay chan-
nel as an example to study CP asymmetry. In Fig. 1(a),
the B® meson decays into K* and a K*K~ pair, which is
produced directly by the ¢ resonance effect. Meanwhile,
it is known that a K* K~ pair can also exist from the inter-
mediate state of the w or p meson. Therefore, we also

K+
1%
BY K-
(d) K°
KT
w
B0 K- B
(9) K° (h)

consider the processes of p and @ decay into K*K~,
which are shown in Fig. 1(d) and (g). Fig. 1 (b) differs
from the above decay processes because the ¢ meson de-
cays into K*K~ through p resonance, and the mixing
parameter p—¢ is given here. Fig. 1 (¢), (e), (), (h), and
(i) are similar to Fig. 1 (b). However, we find that there
are the resonance effects p—¢(¢—p), w—¢(¢—w), and
p—w(w-p), which produce the Ip4p), Hugw, and
I, wp) MixXing parameters, respectively.

The amplitude A of the three-body decay process of
B - K*K K can be expressed as

A= (K*K K°|H"|B") + (K*K~ K°|H"|B), 4)
where (K*K-K°|HT|B®) and (K*K~K°|H"|B") refer to
the amplitude from the tree and penguin contributions, re-

spectively. To obtain the formalism of CP asymmetry, we
set a definition

A= (K*K"K°|H"|B")[1+re!®*?)], (%)
where

(K*K~K°|H"|B)

" KK ROIHT|BOY |

(6)

The strong phase ¢ is generated through the Wilson coef-
ficient and resonance effect in this three-body decay pro-

K+

K~

K+

K+

Fig. 1. Decay diagrams for the channel B° — K*K~K°.
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cess. The weak phase ¢ is associated with the CKM mat-
rix. They can affect the CP asymmetry of this decay pro-
cess. Furthermore, we can present the detailed formal-

isms of the tree and penguin amplitudes by combining the
decay diagrams in Fig. 1:

(KK ROHTIB) = 5204 BT, + STt + 820 4 Tyt + Tt )
Sp S4Sp SwSp s, S¢Se SpSw
+ = 20 P R0\ _ 8¢ 8¢
<K K K" \H |B> p +7Hp¢ ¢+—Hw¢p¢+—pp+—l'[ »Pp
SpS S¢Sw SpS¢
8w 8 8y o 8p =
+ inpwpp + lpw + 7¢Hw¢pw + inpwpw’ 3
SpSw Sw SwSe 0Sw

where 14(py), t,(p,), and t,(p,) are the tree (penguin)
contributions for the B® — ¢K°, B® — p°K°, and B° —
wK® decay processes, respectively. The term 7, in Eq. (7)
is ignored because it is zero during our calculation. The
coupling constant gy(V = ¢,p,w) is from the decay pro-

relel =

8wPwSpSs+8sPySpSw + 8pPpSeSw + 8 PpSwllpy + 8pPySwllpg

cess V — K*K~. We quote an article to describe the value
of gy by assuming the iS’U(3) relations with ideal mixing
[16]: Wl and  gyxg =4.46 GeV?.
Then, we can obtain

8pkK = 8wkR =

8pS¢Swlp T 8wSpSplw + 8eSwlollpy + 8pSetwllpw + 84 Splwllwg + 8w SelsIpw

8prS¢>pr +8¢Pw Spr¢ +8uwPp S¢H/Jw + gwptbspnwaﬁ

+ ()]
8pS¢Swlp + 8wSpSplw + 8¢ swtpHp¢ +8p s¢thpw + g¢sptwl'[w¢ + gws¢tpl'lpw
Define
. . 1 . .
Po o yyeiond), Pe _ rpel@t X = el L rae'”, (10)
Iy Iy Iy Pw
where 6,, 6,, 64, and g are strong phases. Then, we can substitute them into Eq. (9) and perform some simplifications:

it) io i6, . i, it) M i6, . i, 0
rold = F1€% Sy Sp8uw + 1€ % Sy Spgp + 1€ 14€'% 50, S98p + 12€% 5, 8pllpg + r1€° rs€' s, 84115

r3€9% 548,80 + S¢Sw8p + Sw8lpg + 1389 548, I, + 319 5,84 1 g + 38wl

rieis s¢ng +rel lng¢H wp T rieiireids s¢ngpw + rpeldr Sp&uwlluwg

where rcosé is defined as the real part of re'® associated
with the mixing parameter, and rsiné is defined as the

(11)
r3e16,s¢Spgw+s¢swgp+swg¢l_[ s+ r3el *S¢ng o + 13l spg¢H ¢+S¢ngpw
CAP-JA  —2rsingsing )
v AP + |Z|2 1 +2rcosdcosg +r2’

imaginary part of re' associated with the mixing para-
meter; hence, the real and imaginary parts of the mixing

th Vl*s

from the CKM
n

through the Wolfenstein parameters.

parameters act here. ¢ is related to

ub us

matrix. Therefore, we can get sing=— and

P

COSQY = ——F———
¢ 02+

Thus, the definition of CP asymmetry is as follows:

C. Manifestation of localized CP asymmetry

In previous experimental measurements, large local-
ized CP asymmetry has been observed from the decay
mode B* - ¢K* —» KK K* in the region mg-g- < 1.04
GeV and the decay mode B* — ¢n* —» K"K 7* in the re-
gion m%., <1.5GeV? under the range of ¢ [17-19]. To
simplify, we take the B° — ¢(w,p”)K* — K*K~K° decay
channel as an example to introduce the localized CP
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asymmetry in a certain energy region by integrating Acp.
First, the total amplitude of B® — K*K~ K canbe re-
garded as two components. We can obtain their forms in
the decay process B — ¢K° — K* K=K as follows:

Mjy pi0 = @Ppo - € (D), (13)

My gk = 846D (p1 = p2). (14)

where € is the polarization vector of ¢, A represents the
direction of polarization for €, pp is the momentum of
the B® meson, a refers to the part of the amplitude that is
independent of 4, p; and p, are the momentum of K* and
K~ produced by ¢ in the decay process ¢ — K"K~ ,gy4 is
introduced to the effective coupling constant, and s
refers to the gluon propagator. Therefore, the total amp-
litude of the B® — ¢K® — K*K~K" decay process can be
expressed as

€,(De, ()
A =ap’g,z‘“f‘; (p1-p2)’
8o (p1+p2),(p1+p2),
:_L.p%n u ﬂz (pl_Pz)V,
S¢ m¢
(15)

where +/s is the low invariant mass of the K*K~ pair. If
Vs’ is the high invariance mass of the K*K~ pair, s/, is
the maximum values of s’ for a fixed s and s, is the
minimum values of 5" for a fixed s [20]. We get mj; = p};
via the conservation of energy and momentum in the
three body decay process. Thus, the amplitude is ex-

pressed as

A
& . Mg .
S¢  Ppo-€"

A= (E-5)=(E-5)-N,  (16)

We can integrate the denominator and numerator of
Acp within the range Q (51 < s < 52,57 < s’ <s5). N is the
substitution of the previous formula. Through the kin-

GpPp - € (1) gye(D) - (px- — px-)

ematic analysis of three-body decay in the region
Q(s1<s<s,s]<s <sb), it can be concluded that
2 = (Sfax + Spin) /2 is related to the value of s. In this
case, X is generally considered a constant because s var-
ies only at the smallest scale. It follows that |, jﬁ ds’ -5
is canceled out, and we also believe that the A2, ob-
tained in this way is independent of the invariant mass of
the positive and negative meson pairs. We obtain the loc-
alized integrated CP asymmetry, which takes the form
[21]

/2 ds/zds’ (Z—S')2 (NP - INT)
/‘2 ds/ zds' (Z—S')z (|N|2+|N|2)

Q _
ACP_

(17

It is assumed that s, <5 < s, represents the integ-

ral interval of the high invariant mass of K*K~, and
f ;Z ds’ (£ - ") represents the factor dependent on s. In our

calculation, we consider an s dependence between the
values of s,,, and s, .

III. COMPUTATION OF THE DECAY
AMPLITUDE

We compute the CP asymmetry using the quasi-two-
body decay process, wherein both tree-level and penguin-
level contributions are involved. In the two-body decay of
the B meson, the form factor governing its transition to fi-
nal hadrons is primarily determined by non-perturbative
effects. The non-factorizable contribution of the hadron
matrix element arises mainly from hard gluon exchange.
We employ the QCDF approach to compute the amp-
litudes of quasi-two-body decays and complete the calcu-
lation of associated hard-scattering kernels. In our phe-
nomenological analysis, we evaluate both the chirality-
enhancement term and weak annihilation contributions
[5]. Based on the CKM matrix elements of V,,V;, and
Vo Vi, the decay amplitude of B°— ¢(p°,w)K? —
K*K~KY in the QCDF approach can be written as

AB">¢(p—> KK )K%) =

X {thVr*s [— \/§m¢(e-pK)f¢Ff”K (a3 +as+ay

A=0,21 S¢
1 1 1 2 2
~5d10 ~5a7 = §a9> - %/—foKf¢b3(¢, K)- T\/_foKfzﬁb?w((ﬁ, K)} } , (18)

A (BO —>p0 (po - K+K_) I_(O) =

Z GrPp-€ (D) goe(D)-(px- — pk-) x{

s
A=0,+1 L

Vao Vismo(e- pi) foFY K ar + Vio Vis [mo(e- pr) fx
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. 1 1 (3 3
Ay p<a4_§a10+a6Q_§a8Q)_mp(E'pK)prlB K (fa7+—a9)

2 2

1 1
+ EfoKfpb3(Kap) - ZfoKfpb?,”(K,p)} } (19)

5 e GrPp-€ (D8ueW) (px-— pi-) : . :
A > w(w-KK)R) =Y ZF )80€() (Px- = Px X { Vo Vg€ pi) fu ¥ K ay + Vi Vi, [~mue - pi) fic

S,
1=0,%1 g

. 1 1 = 1
A (a4 5410 +acQ— EasQ) —mg(€- p)fuFP % <2a3 +2as + Ja1+ Eag)

1 1
- EfoKf“'b3(K’ w)— Zfowab_f,“’(K, w)} } .

where f;, fz, and fy,.) represent the decay constants,
and a, (n=1, 2, 3...) is related to the Wilson coefficient
C,, under QCDF theory [22], A *, AB>“, and FB~" are
the form factors from the non-perturbative contribution,
bi(pm and b3 (p,m) are the contributions from the annihil-
ation process [23], € is the polarization vector of the vec-
tor meson (V = ¢,p,w), and pg is the momentum of the K
meson. To simplify the calculation, we define the operat-

-2m%,
orQ (0= ) [24, 25].
(mp +mg)(mq +my)

Phenomenological parameters are used to express the
end point integrals of these logarithmic divergences in
hard scattering processes involving the spectator quark.
The investigation of the annihilation amplitude involves
the contribution from the twist-3 distribution amplitude of
the final pseudo-scalar meson [25]. In the annihilation de-
cay process, b represents the annihilation coefficient,
where by 2, b3 4, and b5 correspond to the effective oper-
ator Q;2, QCD penguin operator Q3_¢, and weak electric
penguin operator Q7-jo, respectively . The amplitude is
parameterized and depends on the contributions of tree-

level and penguin-level, where the parameters Xy and X,

. d d
are introduced. We define Xy = fol 1—y and X4 = 01 &
- X

to deal with the contribution from the annihilation pro-
cess, which cannot be ignored [26]. We also consider the
hard scattering of the spectator quark and the contribu-
tion from the annihilation process, which provide valu-
able information regarding the strong phase.

IV. NUMERICAL RESULTS

A. Outcomes of CP asymmetry analysis

The numerical results clarify the relationship between
CP asymmetry (» and strong phase ) and +/s under the
resonance effect of the three vector mesons, which are

(20)

shown in Fig. 2 to Fig. 7. In our study, we observe the
figures of CP asymmetry and consider the threshold for
K*K~ to be around 0.98 GeV from the PDG (2022) [27].
We find that the decay channel ¢(p,w) » K*K~ will pro-
duce large CP asymmetry around 0.98 GeV. For a sim-
pler observation, we choose the region 0.96—1.06 GeV
under our theoretical framework, which is the main re-
gion of resonance for the decay process B — K"K n(K),
to construct the figures. We find that CP asymmetry
changes sharply for the decay processes B®—
K*K"K°x% and B > K*K K (x7) from the
¢ —>K'K~, p—>K'K~, and w— K*K~ resonances in
Figs. 2 and 3, where ¢ is the main contribution.

For the decay mode B — K*K~n°, we find that there
are large CP asymmetries, which can reach approxim-
ately 82.5% around 1.02 GeV in the ¢ resonance range in
Fig. 2. In addition, the CP asymmetry of the B® —
K*K~K° decay process changes slightly from that of the
BY — K*Kn° process. The CP asymmetry reaches ap-
proximately 33.1% around 0.99 GeV in the ¢ resonance
range in Fig. 2. The maximum value of the CP asym-
metry of the decay channel B~ — K*K~n~ can reach
92.7% around 1.02 GeV in the ¢ resonance range in

L L L L L L
0.96 0.98 1.00 1.02 1.04 1.06

Vs (GeV)
Fig. 2.
ponds to the decay channel B® — K*K~z°, and the dotted line
refers to the decay channel B® — K*K~KP.

Acp as a function of +/s, where the solid line corres-
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08

0.6

cp

04r

0.0

0.96 0.98 1.00 1.02 1.04 1.06

Vs (GeV)

Fig. 3.  Acp as a function of +/s, where the solid line corres-
ponds to the decay channel B~ — K*K~n~, and the dotted line
refers to the decay channel B~ — K*K~K~.

Vs (GeV)
Fig. 4. r as a function of +/s, where the solid line corres-
ponds to the decay channel B® — K*K~z°, and the dotted line
refers to the decay channel B° — K*K~K°.

Fig. 3. Moreover, we find that the CP asymmetry varies,
reaching approximately 89.4% in the ¢ resonance range
for the decay channel B~ - K*K~ K~ in Fig. 3. The con-
tribution of the resonance effect is obvious under the
range of the ¢ mass, which can be seen in Figs. 2 and 3.
In summary, the maximum value of CP asymmetry oc-
curs in the range of up to 1.02 GeV for all decay pro-
cesses.

The ratio r of the penguin-level and tree-level contri-
butions affects the CP asymmetry from Eq. (12). We
present the relationship between r and +/s by taking the
central parameter value of the CKM matrix elements in
Figs. 4 and 5. It is evident that the rangeability of 7 in the
¢ resonance range is large, especially for the decay mode
B® — K*K~n°, which can have a significant effect on the
CP asymmetry.

CP asymmetry also depends on the strong phase via
Eq. (12). We show plots of sind against +/s in Figs. 6 and
7. Compared with the above plots, for which the main
contribution originates from the range of ¢, from Figs. 6
and 7, we can find that the strong phase has an impact on
CP asymmetry. The effect of CP asymmetry for the de-
cay process B~ — K"K~ K~ is larger than that for the de-
cay channel B® — K*K~K°. Meanwhile, the effect of CP
asymmetry for the decay process B~ — K*K~n~ is simil-
ar to that for the decay channel B — K*K~n°. Therefore,
the effect of the strong phase on CP asymmetry is related

L L L L L L
0.96 0.98 1.00 1.02 1.04 1.06

Vs (GeV)
Fig. 5. r as a function of +/s, where the solid line corres-
ponds to the decay channel B~ — K*K~n~, and the dotted line
refers to the decay channel B~ — K*K~K~.

sind

0.0

-0.5F

-1.0F

0.96 0.98 1.00 1.02 1.04 1.06

Vs (GeV)
Fig. 6.  sins as a function of +/s, where the solid line is the
decay channel B° — K*K~ 7%, and the dotted line refers to the
decay channel B — K*K~K°.

0.0

sind

-1.0f
L

0.96 (Jv:)N Iv:J() Iv:)Z Iv;)4 H‘Nv
Vs (GeV)

Fig. 7.

decay channel B~ — K"Kz, and the dotted line refers to the

decay channel B~ - K*K"K~.

sind as a function of +/s, where the solid line is the

to the final state meson of the decay channel. In other
words, the resonance of vector mesons can affect the CP
asymmetry of the three-body decay process.

B. Value of localized CP asymmetry

The measurement of CP asymmetry in the decay of
the B meson has become more accurate owing to the
large number of data collected by experiments in recent
years. The CP asymmetry from the decay mode
B - ¢K° —» K*K~K° was presented by BarBar [28],
who described the analysis of time-dependent Dalitz plots
and extracted the values of CP asymmetry by consider-
ing the complex amplitudes describing the entire B and
B° Dalitz plots. Furthermore, the CP asymmetry from the
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Table 1. Comparison of A., from our study with experiments without ¢ - p — w mixing

Decay channel Experimental result

¢ — p — w mixing
(0.96—1.06 GeV)

¢ — p — w mixing

(0.98-1.04 GeV)

¢ —p —w mixing

(1.01-1.03 GeV)

0.197+0.005+0.001

0.286+0.009+0.003

0.536+0.008+0.003

B% - ¢n® — K* K20 -
_ B ) —0.08+0.180.04 BaBar
B - ¢k > K*K K

(mg+x- < 1.1 GeV) [28]

—0.141£0.040£0.018 LHC
B —¢n - KK n~
(Mm%, - < 1.5GeV?) [18]
0.128+0.044+0.013 BaBar
(mg+x- < 1.04 GeV) [19]
—0.004+0.010£0.007 LHC

(Mm% - < 1GeV?) [29]

B~ — ¢K- — K*K K-

0.100+0.001+0.005

0.084+0.008+0.006

0.187+0.001+0.006

0.103+0.003+0.002 0.100+0.005+0.001

0.141+0.001+0.001 0.349+0.001+0.008

0.278+0.006+0.008 0.482+0.005+0.005

decay mode B~ — ¢K (n7) > K*K K (x~) was presen-
ted by the LHC [17, 18, 29, 30] and BarBar [19]. Consid-
ering the threshold of K*K~, we calculate the localized
CP asymmetry in the region 0.96—1.06 GeV (0.98—1.04
GeV and 1.01-1.03 GeV) in Table 1 , which can provide
more accurate measurement of CP asymmetry, and com-
pare it with the experimental results.

In our study, we integrate the CP asymmetry for the
processes B’ — K*K"K°(x%) and B~ — K*K K ()
when the invariant masses of mg-x- are in the region
0.96-1.06 GeV (0.98-1.04 GeV and 1.01-1.03 GeV)
from the resonances of ¢, p, and w. The results are
presented in Table 1, which indicates the energy inter-
vals of the experimental results. We can easily find that
the mixing mechanism changes the values of CP asym-
metry compared to the experimental results without mix-
ing for some decay channels from the resonant effects. In
particular, the CP asymmetry under ¢ —p—w mixing is
obvious for the range 1.01-1.03 GeV relative to other re-
gions.

As shown in Table 1, the decay mode B~ — ¢K~(n7) —
K*K~K~(n~) was measured by the LHC and BaBar ex-
periments [18, 19, 29]. We find that there are three uncer-
tainty factors in the experimental result from Table 1. The
first uncertainty factor originates from statistics, which
indicates that there are errors in the relevant parameters
of the CKM matrix, decay constant, form factor, and oth-
er values in the calculation. The second is the experi-
mental systematic uncertainty, and the third is due to the
CP asymmetry of the B* — J/yK* reference mode.
Meanwhile, in our study, the first uncertainty factor is
statistics, the second uncertainty is the form factor and
Wolfstein parameters, and the third is due to the phe-
nomenological parameter used to calculate the decay
amplitude in the QCDF method under the mixing mech-
anism of our research. We only list the impacts of the er-
ror in the local calculation results because the error has a
less than 1% impact on the local results and no signific-
ant impact on the image.

V. SUMMARY AND CONCLUSION

CP asymmetry is affected via the mixing of
Vo K*K~ (V=¢,p,w) from the decay mode B—
KKn(K) when the invariant masses of K*K~ pairs are
near the ¢ resonance ranges in QCDF. The value of CP
asymmetry is enhanced compared to the non-mixing ex-
perimental results for the decay mode B~ — ¢n (K~) —
K"K n~(K™) in the certain range. The interferences of
¢—w, ¢—p, and w—p lead to the new generation of the
strong phase to influence CP asymmetry from the decay
modes B — KKn(K). In the experiment, they can recon-
struct the three particles ¢, p, and @ to measure CP asym-
metry from the final states of KKK(KKn) from B decay
processes.

We also calculate the CP asymmetry from the non-in-
terference of ¢, p, and w for the decay mode B~ —
¢n~ — K*K~n~ to compare with the results of experi-
ments. The CP asymmetry of B~ - ¢n~ —» K"K 7~ is
—0.141+0.04040.018 from LHC experiments [18]. Our
result is —0.118+0.022+0.014 for the B~ — ¢n —
K*K~n~ decay process without mixing from our frame-
work under the region m%. . < 1.5 GeV?, which is con-
sistent with the experimental results.

Except for the above errors in Section IV.B, we must
also consider the narrow width approximation (NWA),
which includes a factorization relation. In this calculation,
we take the method of the quasi-two-body decay process
and also consider the resonance effect, where the vector
meson can further decay into two hadrons [31]. Hence,
the total amplitude form can be considered to be in two
parts after taking the quasi-two-body decay process, and
the degree of approximation can be connected by the term
ngr [32]. The affect of the narrow width in quasi-two-body
decay processes can be safely ignored because the widths
of @ and ¢ are very small. Considering the large attenu-
ation rate of p(770), the correction is meaningful. Accord-
ing to QCDF, the correction factor for the quasi-two-body
decay process B~ — p(770)n~ —» K*K~n"is tiny. We can
ignore the effect of the NWA for the calculation of CP vi-
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olation because nNR can be divided out as a constant.
Hence, we neglect the effects of this correction in our
study. The formalisms of the decay amplitudes contain
Breit-Wigner shapes, which depend on the parameters of
the invariant mass ofmg-g- associated with the Dalitz

plot. We integrate over invariant mass mg-g-to obtain the
localized value of CP asymmetry via quasi-two-body ap-
proximation. The introduced CP asymmetry can provide
a favorable theoretical support for experimental explora-
tion in the future.
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