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Abstract Aninvestigation about localized CP asymmetries
for the processes of B — 7+7~7%(K?) is presented in this
paper. The innovation of this paper is that there is a considera-
tion of three-particle po (770), w(782) and ¢ (1020) interfer-
ences effect. Generally, w(782) and ¢ (1020) both can decay
into 7T~ pair where can cause extremely small contri-
bution from isospin symmetry breaking. Nevertheless, our
analysis shows that B? — 7 tr~7%(KP) decay process can
bring differential CP asymmetry about 65% (36%) because
of isospin symmetry breaking. To be better compared with
the data from experimental in the future, we integrate CP
asymmetry over the invariant mass and obtain localized CP
asymmetry value for the decay B? — 1t 7%K?). We
find that there is an evident signal about CP asymmetry at
invariant mass value m (7 7r ~) below the mass of ,00(770)

with the decay B — m*7 7",

1 Introduction

The sources of CP asymmetry in particle physics have caused
a great deal of attention since 1964 [1]. It is possible for
CP asymmetry to occur during the decay of a hadron, dur-
ing the mixing of neutral hadrons, or during the interference
between the two processes [2]. The strong interaction and
electromagnetic interaction all satisfy the CP transformation
without deformation while CP symmetry breaks down only
in the weak interaction, and it has been believed that the root
is because there is a complex phase angle in the Cabibbo-
Kobayashi-Maskawa (CKM) matrix [3]. The amplitude is
connected at least twice interaction of a weak phase and a
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strong phase in a b hadron decay [4]. The weak phase is
relevant to the Cabibbo-Kobayashi-Maskawa (CKM) matrix
while the strong phase is created by re-scattering or by
other mechanism involved in the two-body decay process.
The three-body decay process includes complex dynamic
mechanism and phase space associated with resonance and
non-resonance contributions. It is the intermediate resonance
hadrons linked to Breit-Wigner formalism that give rise to the
strong phases accounting for CP asymmetry in three-body
decay processes.

Vector meson dominance model (VMD) predicts that the
vacuum polarisation of the photon is entirely made up of
vector mesons of p0(770), w(782) and ¢(1020) [5]. The
photon couples to the neutral vector meson which is dom-
inated by a two-pion state when e*e™ decay into the pair
of w77 ~. The transitions of w(782) and ¢ (1020) decay to
7w~ pair which originate in isospin breaking related to
the mixings of (782) — p(770) and ¢ (1020) — p°(770).
One can combine the intermediate state with the physical
states from isospin states by the unitary matrix for the three
hadrons. The dynamics mechanism can be obtained from the
interference of p0(770), w(782) and ¢ (1020) mesons [6]. A
new strong phase is formed with the help of the intermedi-
ate resonance hadrons, which may have an impact on the CP
asymmetry of hadron decay.

The LHCb collaboration has gained a lot of attention to
the CP asymmetries about B* — n*7+7~ and B* —
K*m*t 7~ decay processes in recent years [7,8]. Experi-
mental studies have found the above decay processes pro-
duce huge CP asymmetry, which reach 58% and 67% for
the local regions, respectively [9,10]. Currently, there are
many theoretical explanations for the CP asymmetry of these
three-body decay processes, for example, based on reso-
nance effects and end-state rescattering [11,12]. Especially
for B¥ — K*mtm~ process, the huge CP asymmetry
occurs when the invariant mass of 777~ is in region of
the ,00(770) and f((980) resonance [10]. Although our pre-
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vious results show that when the invariant masses of 77 7~
in the resonance region of ,00 (770) and w(782) have large
CP asymmetry, we failed to compare with the experiment
because we do not consider the unevenness of phase space
distribution [13—17]. At the same time, end-state rescattering
can produce new strong phase (which can even be relatively
large), which may affect CP asymmetry [18,19]. Based on
the above considerations, we focus on the CP asymmetry in
the resonance region of p°(770), w(782) and ¢ (1020) in this
work so that we can make a comparison with the experimen-
tal data.

An observation of CP asymmetry has been made in local-
ized phase space region from three-body decay of the B
meson [20,21]. Especially, quasi-two-body B — PV result-
ing in three-body final states from vector meson decays
are presented [22]. In view of vector mesons resonances,
the different types of resonant contributions are allowed to
estimate the strong phase. CP violations are measured in
charm-less B decay which related to the ,0(770)0 — w(782)
mixing region. Including the w(782) contribution, the CP
violation related to the vector resonance is measured to be
Acp(BT = p(770)°7+ = atatn—) = —0.004 +£0.017
and Acp(Bt — p°(770)K+ — K*tntx™) = 0.150 &
0.019. The method comes from the the approximation of a
two-body interaction plus one spectator meson [23].

These processes improves our knowledge about the CP
asymmetry by precise measurements. CP asymmetry mea-
surements will soon be possible for the By decay with the
data obtained by the upgraded LHCb. The three-body decay
of B; meson can provide new opportunities for searching
CP asymmetry. In the case of three-body decays, interme-
diate states often dominate through quasi-two-body decay
channels. There are several factorization techniques for cal-
culating the hadron matrix elements in two-body hadron
decays [24-27]. And by introducing a sudakov factor based
on the QCD correction, the PQCD method can calculate
decay amplitudes without endpoint divergence is more appre-
ciate. Besides, the final state of this work can be han-
dled as this quasi-two-body form Bg — Vr9(K®), where
V = p°(770), 0 (782), (1020) [28-30].

As presented in our work, we consider 0°(770), 0 (782)
and ¢(1020) resonance effect for CP asymmetry, which
relates with new complex strong phase. The new strong phase
for the first order causes the isospin symmetry to shatter,
which results in the CP asymmetry. We aim at the CP asym-
metry in the decay process of BY — p° (w, ¢) 7°(K?) —
7t~ 7% K?) in perturbative QCD approach. While at the
same time, the localized integrated CP asymmetry can be
obtained to compare with the results of experiments in near
future.

We organize the information as below. In Sect.?2, theo-
retical framework about three-particle mixing is introduced.
Following that, in Sect. 3, we show the decay diagrams and
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analytical formalization of the primary decay processes. Sec-
tion4 of this paper contains the precise calculations, while
in Sect.5 we show the numerical findings. Section6 has a
summary and a conclusion. Acknowledge is below in Sect.
7.

2 Three-particle mixing

Using a dominant model of vector meson (VMD), vector
mesons of p°(770), w(782), ¢(1020) can be obtained by
the decay of photons formed by the polarization of posi-
tive and negative electron pairs in a vacuum. The momen-
tum of this process is also transmitted through VMD model.
Since the intermediate resonance state is not a physical
field, we use the unitary matrix R to make a conversion:
,0? (w1, ¢1) — p°(w, ¢). In the two representations, one
can get two expressions about R, where (pr|p), (w;|w( and
(¢p11¢( are equal to 1 and {(py|w(, (pr|¢( and (w|¢) are equal
0 Apw (5), Bpp (s) and Cuy (s) since they are all order
O (L), (A < 1) [6]. The isospin basis vector | I, I3 > can
be constructed by using the isospin field p(I) (w1, ¢1), where
I and I refer to the isospin and the isospin third component,
respectively. Therefore, we regard physical particle states as
linear combinations of these essential vectors. We use the
orthogonal normalization method to obtain the relationship
between the physical state of the particle and the isospin basis
vector, where we define the propagator D(5). We can get the
physical states p°, w and ¢ as follows:

0% = 00 — Ay () w1 — By (5) b1, (1)
0= Apy (5) pY + w1 — Cop (5) b1, )
¢ = By (5) p) + Cogp (5) 01 + 1. 3)

Based on the physical representation, we take the method
of diagonalization about W; by the matrix R without consid-
ering higher order terms, where Wy is defined as the mass
squared operator in an isospin field. Then we obtain the rela-
tionship A, (5), Bpg (s) and Cy,g (s) with W;. According to
the representations of physics, we can describe the propaga-
tor of intermediate state particles from vector mesons. Con-
sidering the physics and isospin effect, we make these defini-
tions respectively as follows, where Dy,y, = (0|T V1 V>|0)
and D",l v, = (0IT VIV]10). Vi and V5 of Dy, v, whichrefers
to the meson of p°, w or ¢. After taking the expressions of
Eq.(1), Eq.(2) and Eq.(3) into the definition of Dy, y,, we can
find the form of D, Dyg and D,y are same. Actually, there
is no three-particle mixing under the physical appearance so
that Dy, v, is equal to zero. Besides, according to the expres-
sion for the physical state of the three-particle mixing, these
parameters of I, wg, g, Apw , Bpg and Cpy take the
leading order approximation. The product which any two of
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them is higher order and can be disregarded, which enables
us to get the formalisms of A, B,y and C,g as follows:

I1
o=
P 1)
Hp¢
bro = S =y
P ¢
I1
Cop = o 4)
S — S¢

where s, 5, and sy refer to the propagators of p, w and ¢.
We can write sy + m%/ —imyT'y = s, where the /s is
the invariant mass of two pions. For the vector V, sy is the
inverse propagator, my represents its mass and I'y refers to
the decay rate. From above equations, we obtain IT oo and

fad o . ad Sy, HV V- ~
I1,,, after definition about ITy,y, = ﬁ (ITyg can be
ignored in the next step of the calculation).

Wolfe and Maltman recently calculated the precise p — w

mixing parameters [31,32]:

Rellp,(m?) = —4470 £ 250,041 £ 16044:aMeV?,
IMIT e (m7) = —5800 & 2000041 £ 1100401aMeV?.
)

Mixing parameters p — ¢ near the ¢ meson have been
given as follows [33]:

Fpp = (0.72£0.18) x 107 —i (0.87 £0.32) 107>, (6)

Different mixing parameters relate to the momentum
dependence of p — w mixing and p — ¢ mixing, which are
bal oo (8) and I 0o (8) respectively. To absorb the contribution
of  and ¢ decay into 7 7~ pair, we anticipate discovering
evidence of mixing in the resonance area of w and ¢ where
two pions are also generated by breaking isospin symme-
try. We use T, (s) = Nellp, (m2) + ImIl,, (m2) and

M4 (s) = Rellyy (mé) + ImI, (mé) expressions and
update the values as below [34-36] (Table 1):

3 CP asymmetry in
B! > p(0,¢) 7(K®) - atx—n"(K®)

For the convenience of representing decay process in our
work, we replace p°(770), w(782), and ¢(1020) with p°,
o and ¢ respectively. And the main decay diagrams of
l_?? — p(w, ) JTO(KO) — 71+71_7r0(K0) can be expressed

in Fig. 1. One can see that the quasi-two-body decay of
BY — p(w,¢) 7°(K") — 77~ 7°(KO) is associated the
diagrams (a) ~(f) of Fig. 1. The main contribution depends
on (a) diagram of the Fig. 1 since the decay rate of p —
is 100%. For simplify, we only present a few of the major
graphs.

In the diagram (a), E? meson decays into 79K and
nt 7~ pair which is produced directly by p” resonance
effect. Meanwhile, it is known that 7 77~ pair can also exist
by the resonance effect of @ or ¢ meson, where corresponding
mixing parameters are involved. As shown in the diagram of
(b), p° meson decays into 7 7 ~ by w resonance. The mixing
parameter I1,,, is generated during the w resonance, which
as shown in the black dots of (b). Diagram of (c) is almost
similar to diagram (b), but the differences are the resonance
effect is ¢ and the mixing parameter is I1,4. In the diagram
(d), the meson of w or ¢ decay into 7 ¥ ~ compared with the
p meson is extremely small. Furthermore, the contributions
from the diagram (e) and diagram (f) are so tiny that can be
neglected since w and ¢ decay into 77~ through the res-
onance effect of w — ¢ mixing. After considering above,
we can see B‘? - p(w, P) nO(KO) — JT+JT_7T0(K0)
decay process receives effectively diagrams contributions
from (a) ~ (¢).

The procedure of the decay amplitude A(A) is described
as:

Asoral = < w7 7K H|BY >
=< 7[+717n0(K0)|'HT|l§? >
+ < n+7r_n0(K0)|Hp|B‘? >, 7
where < 777K\ Hr (Hp) IB? > |B? > is the con-

tribution of tree (penguin). Through above contribution, we
can define:

<ntn 7%k HP|BY >
< ntr—n%K9)|HT|BY >

‘
1

. ®)

The relative value r of the contributions made by the tree
operator and the penguin operator are described below:

A=<natr 7%k HT|B > [1 + re"(‘”“’)], )

where § and ¢ refer to the strong phase and weak phase,
respectively.

We can get the physical information from diagrams (a),
(b) and (c) in Fig. 1:

Table 1 The value of the
mixing parameter

Nell,, (m2) = —4760 £ 440MeV?

Imily, (m2) = —6180 £ 3300MeV?

NRell,g (m2) =796 £ 312MeV?

ImIT g (m;) = —101 £ 67MeV?

@ Springer
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(a)

Fig. 1 The diagrams of B? — 7t 7%KO) decay process

<ata 7O (KO HT|BY >= BT,
SpSe
8p = 8p
+-2L M ppty + 2Lty 10
S Ll 5o o 10
< TL’+JT_JTO(KO)|HP|B? >= g_pnpwpw
SpSe
8p = 8
+—=L g py + =2 pp. (11)
) Sp

where ty (py) is the tree (penguin) amplitudes, g, refers to
the coupling constant and sy represents the Breit-Wigner
formalism of vector meson(V = p, w, ¢). We define these
equations of BY — p%(w, $)7°(K?) to obtain CP asymme-
try according to the Wolfenstein parametrization [37]:

in Table 2 above, the corresponding decay process of
BY — 0% (w, ¢) 7° on the left side of the table is a pure
annihilation decay process. These two expressions for p and
n obtained from the Wilson coefficients are associated with
Viv, Vi and Vp, V5. The CKM matrix, whose elements are
determined from experiments can be expressed in terms of
the Wolfenstein parameters A, p, A and 1. Then we can get
the expressions of Vy, = 1, V% —AM, V= AX3 (p—in)
and V, = A. Therefore, we can get the relationships p and
1 between sin ¢ and cos ¢ in BY — p° (v, ¢) 7° decay pro-
Vi Vis
Vo Vi,
larly, the decay process of B — 0" (w, ¢) K° on the right
side of the table is a tree-dominate decay process whose two

expressions for p and 1 obtained are associated with V;;,, V%,

Simi-

cess since the weak phase ¢ is related with

@ Springer

P
m

(KY)

and V, V. We can obtain the expressions of sin¢ and
cos ¢ in B? — p% (w, ¢) 70 decay process after simplifying
Vip =1,V = AX3(1 — p +in), Vi = AX3(p — in) and

Vi =1- 3%

Therefore, the differential parameter of CP asymmetry is
shown as below:

AP - [A]

Acp = o
AR + [A

(12)

In the future, we need to compare our results with exper-
imental data while taking into consideration the localized
integrated direct CP asymmetry of decay processes. For the
decay amplitude of B — p%7%(K%) — #t7~70(K0?)
process, we consider the contributions of B — p'70(K©)
and p° — wtn—.

The amplitude of the BY — p’7%(K?) can be written

A _ _ ok ; i -
as M[;?_>p0n0(1<0) = ozPB? €* (A), « is the effective cou

pling constant, ngg is the momenta of Bg, € is the polar-
ization vector of ,00, A is the helicity of vector meson. And
the amplitude for p° — 7+~ can be written as follows:
M;‘O_)jﬁﬂ, = gp€ (A)-(p1 — p2), where pj is the momenta
of 7 and p; is the momenta of 7 ~. Hence, the amplitude
of BY = p%7%K%) — ntrn—7%K°) is [38,39]:

8o
A==Ph Y g e () (=)
P a=%1,0
P (p1+ p2), (p1+ p2)
=—LP50 |:gur_ Mz - (pl—Pz)r-
p 8 "o
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BY — p(w, $)K°

Table 2 The relationships about ~0 o 5
p and n for B) — p’(w, )7
BY — p (0, ¢) 7°(K?) decay ] —
processes —sin qﬁ\/m =

—cos¢y/p? 1t =p

sing/[p(1—p) — P+ 1% =1
cospy/[p(1 —p) =22+ 12 +n> = p(1 - p)

(13)

In the three body decay process, we obtain Pz = p; +
p2 + p3 and mlzj = pl.zj since conservation of energy and
momentum. Thus, the amplitude can be written as:

A
8p MB?—>M°(K>

_ %
Sp PB?.E

A= -(S—s/)=<§—s/)-./\/l. (14)
Using this formula, Vs (ﬁ) is the high (low) invariance
mass of the 7+ ~ pair. According to the equation above, & is
equal to % (s;nax + Sinin) where smax ( smm) is the maximum
(minimum) value of s’ for fixed s.
Integrate A ¢ p within the invariant mass range, which may

be quantified by experiments. Then we are able to estimate
the localized integrated CP asymmetry in this location:

A2, = i s fsz s (=) (e - Wiz). (15)
f;z ds f? ds' (& s/)2 (I/\/ll2 + |M|2)

By analyzing the kinematic of three body decay process

. . !’ ! 4
in the region of 2 (51 <5 < s$2,5, <5 < s2>, we are able

_ 1 ’ ’ . .
to conclude that § = 5 (smin + smax) is correlated with s
based on the kinematics. £ is taken to be a constant in this

case because s varies only in minimal scale [7]. This not
’ 2
only results in the cancellation of | 2 ds’ ($ - s/) but also
S1

A“g p is independent of the high invariant mass of positive
and negative meson pais in this way. We consider the s is
dependent between the values of smax and s , in our calcu-
lations. It is assumed that smi <s < s represents an

integral interval of the high invariance mass of 7T~ while
! , N2 .
/ Smax (E —s ) represents the factor that is dependent
Smin
upon s [20].

4 Calculation

In this paper, we take the perturbative QCD (PQCD) method
to work out, which is obtained by applying the k7 factoriza-
tion formalism to the decay process of two-body. Hadrons
have a transverse momentum k7, which we must take into
account to calculate its transverse momentum. Besides, it

introduces an additional energy scale that produces dou-
ble logarithms in the QCD corrections. As a result, the re-
normalization group method is a great way to get factors of
Sudakov once the terms in this matrix have been resumed.
Because of this, the distribution amplitude of mesons in the
tiny transverse momentum zone is effectively suppressed in
this form factor, which increases the accuracy of the PQCD
approach even in this region. The PQCD method has been
widely used in the reach of pure annihilation decays. As a
result, we believe this approach is appropriate for dealing
with processes that are not factorizable and determining the
contribution to the annihilation diagram [40].

In this work, we use the channel of B
— p%w, 9)r%(K?) — 77~ 7% K?) as an illustration of
how the process conducts under the perturbative QCD. The
formalism of ry and py (V = p, w, ¢), which are obtained
from the tree (penguin) level contribution to the equation
must be obtained to calculate the CP asymmetry.

Using CKM matrix elements of V,, V" (V,,V'",) and
VibV; (V,;,Vt’;) as a basis for analysis, the amplitude in
BY — p%7%K% — ntr—7%K") process can be writ-
ten as

A (Bg — ,00 (,00 — 71+7r_) 710)
GrPo-€* () gp€ () - (Pt

A=0,£1 \/zspo

{3 [A(B = o)+ a (B a0

(16)

— Pr-)

where

A (BA? — rr+,o_>

_ GFr * LL

= % VuVs {[fBSFW (@) + ML, (cz>]}
G
\/szme{fBg o (@3 + av)

— B, Fapn (615 +a)+ My, (C4 + c10)

—Myh (cs+cg) + (7 < p )},
A (BS — ,0+JT_>
GFr

==L vubv;;{ [ o Flty (@) + MEE (@] }

2

@ Springer
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Gr
ﬁ Vi VIY {st ann (613 +ag) — st ann (as +a7)
+MaLnn (ca +cr0) — ann (C6 +cg) + (,0 <~ T ) }

where the amplitude of BY — %z is composed of two
parts B — ntp~ and B — p*7~. And they are related
to each other as 24 (B — p%7°%) = A(B? - nTp™) +
A(BY — ptr).

A (Bg — po (,oo — yr+7r*) K0>
GFPpo-€* (1) gpe (V) - (Pr+ — Pr-)

- Z X 2sp0

A=0,%1

{ Vb Via [fPFB Sk (@2)
+MEL @] = VY| b

X + ) + ! + )
as 2a7 26110 2a9

1
+ MEE <—63 - 569)

+MLE (—65 + %m)]} : (17)

It is possible to write the decay amplitudes of B —
oK) — ntr~7%(KO) as follows:
n0 +_— 0
A(BS —>a)(a)—>n b4 )71 )
GrPgo- € (M) g€ (M) - (Pr+ — Pr-)

A=0,+1 2250

{ bV ML (c2)

3 3
Vi Vi [MaLnLn (5010) — M) (568>

(=)

A(BO—>a)(a)—>7r T )KO>

@ Springer

GFPB? € (X) gwe (V) - (Pr+ — Pr-)

284

2

A=0,%£1

{ Vi Viaa | FuF -, o (@) + MEE i (c2)]
—Vzb [fw A)KO

1 1 1
(203 + a4 + 2as4 297 + 749~ 56!10)

1
+MB KO (CS - 507)
+MLEE c3+2 ! !
B, k0| €3 cq 269+ 2C1()
1
MB KO 26‘6—{—56’8

1
+st ann <a4 - §a10>
SP 1
+ /B, Fonp | a6 — 5618

LL 1 1
+ Mgz — §C9 + Ma,m c5 — 56‘7 . (19

In order to calculate the amplitude of B — ¢7%(K%) —
7t~ 7%KO), we use the following formula:

A (I;’A? - ¢ (¢ — 7r+rr_) 710)

- ¥

GrPgo-€* (1) gpe W) - (Pr+ = Px-)
25¢

A=0,£1

x{ Vo Vi | Fr L.y (@) + MEE. , (@)
3 3
_Vlb V;; I:fn Fé‘f‘—ﬂb <§619 — §a7>

3 3
+ MB ¢ <§C8 + ng)]} . (20)

A(BO—>¢(¢—>71 T )KO>

GrPpo-€" (M) gpe () - (Prt+ — Pr-)

- A:%:,il ﬁ%

* LL 1 1
X1 VinViy f¢FBS—>K az + as — 5(17 — Eag
+fx FEE a4—lalo — fxFp" aé—las
s—> @ 2 s —> 2
LL 1 LL 1
+MBS—>K c4 2610 + MBS—>¢ Cc3 209
—MpP ~Leg) — mx |
Bi—K | €67 5¢8 Bi—¢ \ 5~ 547

1 1
+f, FLL (614 - 56!10) — fa F3P <a6 - 5518)
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0.6
04f
5
< o2}
00F —\—
, , , , ,
0.7 0.8 0.9 1.0 1.1
Vs (GeV)

Fig. 2 Plot of Acp as a function of /s corresponding to central
parameter values of CKM matrix elements for the decay channel of

B? — 7T+7T77T0
10
05
<
£ oor
-05F
_10 L 1 1 1 1 1
0.7 0.8 0.9 1.0 L1

Vs (GeV)

Fig. 3 Plot of sind as a function of /s corresponding to central
parameter values of CKM matrix elements for the decay channel of
BY — ntn—n0

1 1
+MEL <C3 - 5@) ~MER <C5 - §c7>“ L@

gv 1is the effective coupling constant of vector meson
(V=p, w and ¢). Gr = 1.16639 x 107GeV ~2 is the Fermi
constant, and a; are related to the coefficients of Wilson ¢;.
Besides Fg,_, m, and Mp__, y, represent the contributions
of factorable emission diagrams and annihilation-type dia-
grams, respectively. LL, LR and SP refer to the contribu-
tions from (V — A) ® (V —A), (V- A) ® (V+ A) and
(S — P)® (S + P) operators, respectively. There is an non-
factorable emission diagram and an annihilation-type dia-
gram in Fy,, and M,,,, which indicate their respective con-
tributions. The formalisms of the above expressions can be
found in the literatures about perturbative QCD [22,41].

5 Numerical results

We investigate the CP asymmetry about B} — 7+z~n*
and B — 77~ K? decay processes. According to Egs.
(9) and (12), we find the CP asymmetry is associated with

Y

20F 1

151 1

1.0 1

0.7 08 0.9 1.0 1.1
Vs (GeV)

Fig. 4 Plot of r as a function of /s corresponding to central param-
eter values of CKM matrix elements for the decay channel of B? —
atr 0

03

Acp

0.1F

0.0

0.7 0.8 0.9 1.0 1.1
Vs (GeV)

Fig. 5 Plot of Acp as a function of /s corresponding to central
parameter values of CKM matrix elements for the decay channel of
BY — ntn—KO

1.0F

0.5

sind

0.0

-1.0F

0.7 0.8 0.9 1.0 1.1
Vs (GeV)

Fig. 6 Plot of sind as a function of /s corresponding to central
parameter values of CKM matrix elements for the decay channel of
BY — ntrx— KO

the weak phase difference, strong phase difference and r.
Our results are affected slightly by the variation of CKM
matrix elements, which determine the weak phase. Thus, the
results are presented based on the central parameter values
of the CKM matrix elements. For the B — 7 *7 =79 decay
process, Figs. 2, 3 and 4 show the results. As seen in Fig.
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0.7 0.8 0.9 1.0 1.1
Vs (GeV)

Fig. 7 Plot of r as a function of /s corresponding to central param-
eter values of CKM matrix elements for the decay channel of B —
atr KO

2, it is easy to see the CP asymmetry of BY — 7+7~ 7

channel changes when the invariant masses of the 77 7 ~ pair
is surrounding the w resonance and the ¢ resonance range,
where the maximum CP asymmetry can reach 65%.

The values of sind and r as a function of /s are shown on
the plots of in Figs. 3 and 4. If the mass invariant of the 7 7~
pair is in the area where the  resonance is located, then one
can find that the sind and r vary sharply and sin§ and r vary
slightly around the ¢ resonance range which compared to
the former. With regard to BY — 0% (w, ¢) 7% — 7tz 70
process, we obtain the CP asymmetries vary from 65% to
-23% (0% to —0.05%) when invariant mass of the 7 +m~
pairisin p — w (p — ¢) resonance range.

Figure 5 illustrates the sharp change in CP asymmetry for
BY — 77~ K channel when the invariant masses of the
7T~ pairs are around the w and ¢ resonance range, where
the maximum CP asymmetry can be achieved 36%. Then,
we consider these two situations as follows. When 7 tm~
pairs are around the region of p — @ mixing, we find the CP
asymmetry of BY — 777~ K canreach 36%. While the CP
asymmetry is just 2% when 7 "7~ pairs is in the mixing of
p —¢. Similarly, we analyse the change map about siné and r
at the resonance regions in Figs. 6 and 7. Apparent resonance
can be found around region of p — w mixing comparing with
slight effect from the p — ¢ interference.

Concerning the three-body decay process, there are com-
plex phase space problems from final states associated with
the mechanism of dynamics. The subsequent V — 777~ is
described as the combination of the coupling constant and the
momenta of double . Integration of the phase space provides
observation of CP asymmetry for detecting the structure of
intermediate hadrons. The signals of CP asymmetry are fixed
to low mass candidate regions of vectors. We scan the entire
resonance regions to detect the large local CP asymmetry.
Integrating CP asymmetry over the invariant mass of double
7, the localized CP asymmetry values from —0.006 to —0.01

@ Springer

(—0.014 to —0.02) in B® — 7+7~7(K"). Related to the
interferences of the vectors, the desired large CP asymmetry
is not emerge, and cancel each other from the positive and
negative values. The results are in the same order of mag-
nitude as one percent. However, a clear evident of large CP
asymmetry is found at invariant mass value m (7 T ~) below
the mass of p(770)° with the decay BY — m+z~7°. In the
regions between 0.65 GeV and 0.78 GeV, CP asymmetry is
consistent to the value of 0.13. From the 0.78 GeV to 1.1 GeV
region, CP asymmetry changes the sign and reach —0.02.

In the above process, we take the intermediate value of
CKM when we obtain these diagrams. Although it is a value
with a range, we consider the middle value after we look
at the range of values it takes and find it has little effect
on the result. But there are still uncertainties we must con-
sider when we calculate the amplitude in this work under
the perturbative QCD method. The first error refer to the
variation of the CKM parameters, which can be expressed
in terms of the Wolfenstein parameters meet the following
relationships A = 0.22650 =+ 0.00048, A = 0.79070017,
p = 0.1417001S and 77 = 0.357 £ 0.011 [37]. The second
error comes from hadronic parameters: decay constant, form
factor, and the wave function of B; meson. In this work, we
take fp = 215.6 £ 5.9MeV, f] =165+ 9MeV, fo =
196.5+4.8MeV, fI =145+£10MeV, f¢ = 231+4MeV
and f(Z = 200 = 10MeV these decay constants [42—44].
Fpn = 0.23f8:8‘5‘ and Fg_x = 0.241“8:82 are taken as
form factors for the decays process of B — 7+ 7~ 7(K?)
respectively. Besides, we take wp = 0.5 & 0.05GeV and
fB, = 0.23 £0.03GeV which can influence the wave func-
tion of Bg; meson [22]. The third error corresponds to the
choice of the hard scales, which vary from 0.75t to 1.25t,
characterizing the size of the next-to-leading order QCD con-
tributions. For these parameters of hadronic, they all have a
range of values. Then we take the maximum, the minimum,
and the intermediate values respectively. We calculate the
Acp = 65.65:?%8%&832% for B — p’7° decay pro-
cess and Acp = 36.51‘8:%?'_”8:}2‘_"8:%% for B? — pYk0
decay process. In this way, the numerical results are more
intuitive.

6 Summary and conclusion

The results of this study illustrate the p — w — ¢ interfer-
ence caused by the breaking of isospin. Resonance contribu-
tions of p — w, p — ¢ and w — ¢ can be used to generate a
new strong phase. In the processes of l_?g — 77 70 and
l_?so — 7t~ K", alarge CP asymmetry is found to occur in
the resonance range. It is possible to reach a maximum CP
asymmetry about 65% in BY — 7+~ 70 progress. A max-
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imum CP asymmetry of 36% can occur in B? — 7 ¥z~ K"
channel.

After integration from 0.65 GeV to 1.1 GeV for the decay
processes of BY — 77 7% and B — 7t 7~ K°, we
obtain the local CP asymmetry as follows:

AL, (BY — 7720 = —0.008 £ 0.002, (22)
AL, (B - nta~ K% = —0.017 + 0.003. (23)

The three-body decay process of bottom and charm
mesons is formulated appropriately by the chain decay
of quasi-two-body. We use B — RP; decay process as
the case in analyses of quasi-two-body decay. During the
progress, R is the state of intermediate resonance state which
can further decay to two hadrons Pj 3, and Pz refers to
another final hadron. This process can be factorized by
using the narrow width approximation (NWA), which is also
known as the factorization relation. As a result, B — RP;
can be written as follows: B(B — RP3; — P P,P3) =
B(B — RP3) B(B — P;P2) due to the branching ratio.
In quasi-two-body decay processes with small widths w
and ¢, the effects can be safely ignored. In light of the
large decay rate of p(770), it makes sense to carry out a
correction. According to the QCD factorization approach,
the correction factor for the quasi-two-body decays pro-
cess of B~ — p(770)r~ — mwrn~m~ is at level
7%. As a measure of the degree of approximation of
I'(B— RP})B(B— PiP) = npl'(B — RP; —
PP P3), the parameter ngr is introduced [46,47]. The
formalisms of decay amplitudes contain the Breit-Wigner
shapes which depend on the parameters of invariant mass
my+5— associated with the Dalitz plot. We integrate over
invariant mass m +,— in order to obtain localized value of CP
asymmetry by quasi-two-body approximation. In the present
manuscript, we neglect the effect of this correction within
our range of accuracy. According to the QCD factorization
approach, the correction is around at level of 7%. This is one
of the sources of error in our results.

CP asymmetry measurements in the decay of B mesons
have become more accurate thanks to the large number of data
collected by the LHC in recent years. Theoretical develop-
ments using different methods have already led to many pre-
dictions of CP asymmetry. The LHCb experiments focus on
the contribution to B Physics and the search of new physics.
During the last few years, the LHC has made several upgrades
and increased its luminosity by a factor of five.

Based on the amplitude analysis of BT — mtm—m~
decay, LHCb Collaboration reports different sources of CP
asymmetry. The hadronic structure of intermediate states is
sensitive to observation of CP asymmetry. Contradicting the
predictions of the theory, large CP asymmetry connected with
the p and w interference is found, and cancels when intergra-
tion with the phase spaces. However, there is a evident sig-

nal about CP asymmetry at invariant mass value m (w7 ™)
below the mass 0f,0(770)0 from the decay BT — 7w tn~m~
[39,48,49]. The search for direct CP asymmetry in charm-
less By decay may be measured in the near future. The inter-
ferences p — w, p — ¢ and w — ¢ resonances relate to the
quasi-two-body decay E? — 7 tr~70%K?). Analysis of CP
asymmetry indicates that the resonance of p(770)? presents
the dominant contribution. In fact, the results does not avoid
the interference of p(770)° and w(782) in experiments [23].
Hence, the measurement of CP asymmetry includes the effect
of w(782) meson when one concerns the contribution of
P (770)° meson. Although, the mass of ¢ (1020) is away from
the mass of ,0(770)0 and w (782) hadrons. With regard to the
SU(3) symmetry of flavour and Isospin symmetry, we can
classify the 0(770)°, »(782) and ¢(1020) hadrons associ-
ated with the properties in low mass region of vector inter-
ference. The results manifest that main contribution is from
the resonances of ,0(770)0 and w(782) in comparison to the
interferences of ,0(770)0 — ¢ (1020) and w(782) — ¢ (1020)
as we expected.

The CP asymmetry can be presented in the regions of
p — w and p — ¢ regions by reconstructing the p, w and
¢ mesons when the invariant masses of w7~ are at the
resonant regions. Hopefully, our predictions will guide future
experiments in the right direction.
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