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In this work, we study the localized CP violation in B~ - K~z"z~ and B~ — K~ ¢(600) decays by
employing the quasi-two-body QCD factorization approach. Both the resonance and the nonresonance
contributions are studied for the B~ — K~z "z~ decay. The resonance contributions include those not only
from [zz] channels including &(600), p°(770) and @(782) but also from [Kz] channels including
K§(700)(x), K*(892), K;(1430), K*(1410), K*(1680) and K3(1430). By fitting the four experimental
data Acp(K~ 7" 77)=0.67840.078£0.032340.007 for m%__. <15GeV? and 0.08 < m?, _ <0.66 GeV?,
Acp(B~ = K;5(1430)77) =0.061+0.032, B(B~ = K;(1430)77)=(39¢) x 10~° and B(B~ — 6(600)7~ —
aata7) <4.1x107%, we get the end-point divergence parameters in our model, ¢g € [1.77,2.25] and
ps € [2.39,4.02]. Using these results for pg and ¢, we predict that the CP asymmetry parameter
Acp € [-0.34,-0.11] and the branching fraction B € [6.53,17.52] x 107% for the B~ — K~ ¢(600)
decay. In addition, we also analyze contributions to the localized CP asymmetry Aep(B~ — K~ zt77)
from [zz], [Kz] channel resonances and nonresonance individually, which are found to be
Acp(B- > K [ntn7] » K xtz™) =0.509 £ 0.042, Aep(B~ = K n'|n—> K 7ztx~)=0.1744+0.025
and Aep™ (B~ — K~ ztz7) = 0.061 4 0.0042, respectively. Comparing these results, we can see that
the localized CP asymmetry in the B~ — K~z 7~ decay is mainly induced by the [zz] channel resonances

while contributions from the [Kz] channel resonances and nonresonance are both very small.
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I. INTRODUCTION

Nonleptonic decays of hadrons containing a heavy quark
play an important role in testing the Standard Model (SM)
picture of the charge-parity (CP) violation mechanism in
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flavor physics, improving our understanding of nonpertur-
bative and perturbative QCD and exploring new physics
beyond the SM. CP violation is related to the weak com-
plex phase in the Cabibbo-Kobayashi-Maskawa (CKM)
matrix, which describes the mixing of different generations
of quarks [1,2]. Besides the weak phase, a large strong
phase is also needed for a large CP asymmetry. Generally,
this strong phase is provided by QCD loop corrections and
some phenomenological models.

Three-body decays of heavy mesons are more compli-
cated than the two-body case as they receive resonant and
nonresonant contributions and involve three-body matrix
elements. The direct nonresonant three-body decay of
mesons generally receives two separate contributions:
one from the pointlike weak transition and the other from

Published by the American Physical Society
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the pole diagrams that involve three-point or four-point
strong vertices. The nonresonant background in charmless
three-body B decays due to the transition B - MM, M5
has been studied extensively based on heavy meson chiral
perturbation theory (HMChPT) [3-5]. However, the pre-
dicted decay rates are, in general, unexpectedly large and
not recovered in the soft meson region. Therefore, it is
important to reexamine and clarify the existing calcula-
tions. In this work we will follow Ref. [6] to assume the
momentum dependence of nonresonance amplitudes in the
exponential form e~®rPs(PitP)) (g is unknown param-
eter, pg, p; and p; are the four momenta of the B, i and j
mesons, respectively) so that the HMChPT results are
recovered in the soft meson limit p;, p; — 0. At any rate, it
is important to understand and identify the underlying
mechanism for nonresonant decays.

Besides the nonresonance background, the three-body
meson decays are generally dominated by intermediate
resonances, namely, they proceed via quasi-two-body
decays containing resonance states. LHCb also observed
the large CP asymmetry in the localized region of the phase
space [7,8], i.e., Aep(K~zt77)=0.678+0.078 £0.0323 +
0.007 for m3,__. <15GeV? and 0.08 <m?2. _ <0.66 GeV?,
which spans the [zz] channel and [K ] channel resonances,
such as ¢(600), p°(770), w(782), K;(700)(x), K*(892),
K*(1410), K;(1430), K*(1680) and K3;(1430) mesons.
Some other considerations also motivate a precise
analysis of B~ - K-z~ decays. The CP asymmetries
in the decays B — K*(892)z, B - K*(1430)z and B —
K3(1430)7x are predicted to be negligible [9,10] compared
to the current precision, since these are mediated by b — s
loop (penguin) transitions only, with no b — u tree
component. It is worthwhile to study the contributions
from Kz channel resonances in the B~ — K=zt~ decays.
The underlying structures of light scalar mesons are still
under controversy. Scalar mesons could be identified as
ordinary ggq states, four-quark states, meson-meson bound
states, or even those supplemented with a scalar glueball. In
our work we will use the simple gq quark model for scalar
mesons [11].

Theoretically, to calculate the hadronic matrix ele-
ments of hadronic B weak decays, some approaches,
including QCD factorization (QCDF) [10,12], perturba-
tive QCD (pQCD) [13] and soft-collinear effective
theory (SCET) [14], have been fully developed and
extensively employed in recent years. Even though the
annihilation contributions are formally power suppressed
in the heavy quark limit, they may be numerically

important for realistic hadronic B decays, particularly
for pure annihilation processes and direct CP asymmetries.
Unfortunately, in the collinear factorization approximation,
the calculation of annihilation corrections always suffers
from end-point divergence. In the pQCD approach, such
divergence is regulated by introducing the parton trans-
verse momentum k; and the Sudakov factor at the expense
of modeling the additional k; dependence of meson wave
functions, and large complex annihilation corrections are
presented [15]. In the SCET approach, such divergence is
removed by separating the physics at different momentum
scales and using zero-bin subtraction to avoid double
counting the soft degrees of freedom [16,17]. In the QCDF
approach, such divergence is usually parametrized in a
model-independent manner [10,12] and will be explicitly
expressed in Sec. III.

There are many experimental studies which have been
successfully carried out at B factories (BABAR and
Belle), Tevatron (CDF and DO) and LHCb, and are
being continued at LHCb and Belle experiments. These
experiments provide highly fertile ground for theoretical
studies and have yielded many exciting and important
results, such as measurements of pure annihilation B, —
zz and B; — KK decays reported recently by CDF,
LHCb and Belle [18-20], which may suggest the
existence of unexpected large annihilation contributions
and have attracted much attention [21-23]. So it is also
important to consider the annihilation contributions to
B decays.

The remainder of this paper is organized as follows. In
Sec. II, we present the form factors, decay constants and
distribution amplitudes of different mesons. In Sec. III, we
present the formalism for B decays in the QCDF approach.
In Sec. 1V, we present detailed calculations of CP violation
for B~ > K n"z~ and B~ — K ¢(600) decays. The
numerical results are given in Sec. V and we summarize
our work in Sec. VI.

II. FORM FACTORS, DECAY CONSTANTS
AND LIGHT-CONE DISTRIBUTION
AMPLITUDES

Since the form factors for B— P, B—- V, B — S and
B — T (P, V, S and T represent pseudoscalar, vector, scalar
and tensor mesons, respectively) weak transitions and light-
cone distribution amplitudes and decay constants of P, V, S
and T will be used in treating B decays, we first discuss
them in this section.

The form factors of B to a meson weak transition can be
decomposed as [24,25]
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A m2 - m2 m2 m2
CENTBED = (=", ) o) + SR 1 ),

. 2
(V(P)IVulB(p)) = m%pae*”p”p’”VBV(qz),

. €-q € P
(V(P")|A,|B(p)) = {(m3+mv) AV (¢?) - ———P,A8V (¢*) - 2my —q,[A5Y (¢%) - Agv(qz)]},
mpg + my q
N . m%—m% BS( 2 m%—mg BS( 2

(S(P")|AB(p)) = —i Pﬂ—Tqﬂ FP(q%) + p ,F5°(q°) |

. 2
(T(P)IV,|B(p)) = m%ﬁae*”p”p’w”(qz),

~ ) . e’ q e*-P
(T(p")|AB(p)) = l{(m3+mr)eﬂA?T(q2) —WPMAfT(qz) —2my—— 7 qﬂ[ABT(qz)—AgT(qz)]}, (1)

where P, = (p +p'),» ¢, = (p — p)ﬂ,f/ A andS' are
the weak vector, axial-vector and scalar currents respec—
tively, ie. V,=qv.q1. Ay =@r,rsq1. S=qq1. €,
is the polarlzatlon vector of V, et =e"p,/mg (€, is
the polarization tensor of T), F#P(¢*) (i=0, 1) and
AfV(T)(qz) (i=0, 1, 2, 3) are the weak form factors.
The form factors included in our calculations satisfy
BV(T BV(T BV(T
FEP(0) = F§P(0), 45"7(0) = 45""(0), 437" (g?) =
BV(T

[(mg + myr))/(2myr))]A] ( )(‘12) — [(mg + my()/
@my)IAy" " (¢?) and FI5(q?) = F§5(?).

The decay constants are defined as [25,26]

where J,,(0) and J;;,(0) are local currents involving
covariant derivatives which take the following forms:

L (@1(0)7,iD,42(0) + 4,(0)7,iD,42(0)).

JpJ[m (0) =q (O)GﬂviDaQZ(O) )

Jﬂl/(0> -

\S)

(3)

and D = D, — D, with D, =, + ig,A%%/2 and D, =
5ﬂ —ig,A;A?/2 (g, is the QCD coupling constant, Ay is the
vector field and A¢ are the Gellman matrices).

The twist-2 light-cone distribution amplitudes for
the pseudoscalar, vector and tensor mesons are res-

(P(P")|Aul0) = =if PPy, pectively [10,25]
(V(P)IVul0) = fymyey,
(V(P)go,,q'10) = fv(pues — pieg)my. @y (x, p) = 6x(1 — x) [Za Gl 2x-1)],
(SPNVI0) = Fspy. (S(P)IS10) = mgFs, "
M=PV,T
(T(P)V,u(0)[0) = frmie,.
(TP, ﬁva( )[0) = —if7 (PL€ia = Pu€ua)mr (2) and the twist-3 ones are respectively
|
1 m=p,
(1) =4 3|20 -1+ Y5 lamePmH@x—l)] m=n. (5)
5(1 — 6x + 6x2), m=t,
| o
where C3/* and P, are the Gegenbauer and — dg(x,u)") = fr6x(x — 1) Z B, (i fn/z 2x—1),
Legendre polynomials in Egs. (4) and (5), respectively, Me13.5
a,,(u) are Gegenbauer moments which depend on the (6)

scale .
The twist-2 light-cone distribution amplitude for a scalar
meson reads [11,27]

where B,, are Gegenbauer moments, fg is the decay
constant of the scalar mesons, n denotes the u, d quark
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component of the scalar meson, n = \/Li (ui + dc_l), and s

denotes the components s5. As for the twist-3 ones, we
shall take the asymptotic forms [11,27]

D, (x) ") = [, (7)

III. B DECAYS IN QCD FACTORIZATION

In the SM, the effective weak Hamiltonian for non-
leptonic B-meson decays is given by [28]

M= | S S

p=u,c D=d,s

(C‘IOIIj + Cng

10

—+ Z CiOi + C7y077 —+ C8g089>:| —+ H.C., (8)
i=3

where ﬂ( ) = =VuVyps Vpp and V ,pp are the CKM matrix
elements, G represents the Fermi constant, ¢; (i =1-10,
Ty, 8g) are Wilson coefficients, O, are the tree level
operators, O5_g are the QCD penguin operators, O;_ arise
from electroweak penguin diagrams, and O, and Og, are
the electromagnetic and chromomagnetic dipole operators,
respectively.

Within the framework of QCD factorization [10,12],
the effective Hamiltonian matrix elements are written in
the form

(MM, |[Hes|B) = Z 2

p=u,c

(M\M,|T +T45IB), (9)

where 7% describes the contribution from naive factoriza-
tion, vertex correction, penguin amplitude and spectator
scattering expressed in terms of the parameters a”, while
T contains annihilation topology amplitudes character-
ized by the annihilation parameters b’

fefm, Ld¢

Hi(MlMZ) 2mV€V pBFB_’Ml(O 0 _(I)B

for i =14, 9, 10,

H;(M\M,) =

fsfm, /l g
= B

2mV€v Ds FB_>M‘ (0)

fori=5,7 and H;(M,M,) =0 for i =6, 8.

The flavor parameters a! are basically the Wilson

coefficients in conjunction with short-distance nonfactoriz-
able corrections such as vertex corrections and hard specta-
tor interactions. In general, they have the expressions [10]

c
ot 1) = (e + )W)

c

iy Cray 47
SELZFSS 'y (M) + —— Ho(M M
+ N. 4z i 2)+NC i(MM,)
+ P (M), (10)

where ¢} are effective Wilson coefficients which are defined
as ¢;(my)(0;(my)) = ci(0;)", with (0;)"* being the
matrix element at the tree level, the upper (lower) signs
apply when i is odd (even), N;(M,) is leading-order
coefficient, Cr = (N2 —1)/2N, with N, = 3, the quan-
tities V;(M,) account for one-loop vertex corrections,
H;(MM,) describe hard spectator interactions with a hard
gluon exchange between the emitted meson and the specta-
tor quark of the B meson, and P? (M M,) are from penguin
contractions [10].

The expressions of the quantities N;(M,) read [10,25]

0 i=6,8,
N,»<v>={ ’ N(P)=1. N(T)=0. (1)
1 else,

and N;(S) = 1 for charged scalar mesons, while for neutral
scalar mesons [29]

Ni(S) = {1 =08 (12)

0 else.

When MM, = VP, PV, the correction from the hard
gluon exchange between M, and the spectator quark is
given by [10,12]

/ dx/ dy[q)Mz ;)7 wm, ( >+ m, P, (X )(I)n11(y>:|’ (13)

Xy

/dx/ [(I)Mz (DM,(Y) )1;4¢Mz(x)q)m](y):|’ (14)

Xy

When MM, = SP, PS [10,11,27],
1 () ()
Hi(M1M2) %/ ﬁq’B / dx/ d)’[ 2_ (y)+r?/' M] (15)
S, By 'my Jo Xy Xy

fori =149, 10,
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() ()
i = [ [ [ [0 S
M,

fori=5,7 and H;(M,M,) =0 for i =6, 8.
When MM, = TP, PT [25,30]

_ Sfefu, [1dE ! !
Hin) = 2200 [0y [Max [Fay
my

1 |: %®M2 (X)CDMI (y) + er CDMZ (X)CI)ml (y)
) 3

= p
. . B=M,; » X 2.5
2\ f3pcAy ™ (i, ! V3o (1)
1 (O] O] () b
MZ(XE_MI(y)—i_rMI Mz(x)_ml(y) , (M1M2 PT)
FB—>M1 2 X x
L (miy,) y y

for i =14, 9, 10,

H.(M\M,) = _J8lw /lﬁ% /dx/ dy

2mec
My 2@, (X)Pur, (¥) |, Pty ()P, (v)
1 = 2 — + 2 1 . (MM, =TP
) AB—>M1 (m%/lz) |:\/; Xy \/%_)7 :| ( 1442 ) (18)
1 Dy, (X)Dyy, (v) My Dy, ()P, (1)
F?—>M1 (m%b) |: X}7 + X fﬁ :|7 (M Mz PT)

fori =5,7 and H;(M;M,) =0 for i =6, 8.
In Egs. (13)-(18) x=1—x,y=1-—y, and rZ " (i =1, 2) are “chirally enhanced” terms which are defined as

Pl Zm%, VT _ 2mvrfvr( )

) = g, +me) ) T for
S _ 2mg fs(ﬂ): 2m§ 7S — 2mg ' (19)
Comyu) fs o my(u)(my(u) —my () Y my(u)

The weak annihilation contributions to B — MM, can be described in terms of b; and b; gy, which have the following
expressions:

C C
by = Ng Al by = N§ cHAL,
pr = CF A AL+ AL) 4 N chAL bt = Cr Al 4 CLAL
3 N2 [‘33 + c5(Af + A%) + N cAz), N2 [‘34 + A,
P C i / i f f P C i i
by e = e PlebAl + Ch(AL + AL) + N cjAS], b e = Nz[ 1AL+ chAL], (20)

where the subscripts 1, 2, 3 of Aﬁ,’f (n=1, 2, 3) stand for the annihilation amplitudes induced from
(V-A)V-A), (V-A)(V+A), and (S—P)(S+ P) operators, respectively, the superscripts i and f refer to
gluon emission from the initial- and final-state quarks, respectively. Their explicit expressions are given
by [10,11,25,27,30]
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1 1 My M 2
(q)Mz(x)q)Ml (y) |:y<1 —xy) +%:| — }"X }"X zq)mz(x)q)ml(y) 5), for M1M2 = VP, PS,
1 1 v 2
| 1 (CIDM2 (x)Dyy, () L(l — ) —I-%] + 1y 1 @, (X)D,, () E) for M\M, = PV, SP,
A} :mxs/ dxdy 3 ] ! 3 5
0 2 Ly 3 mom, 2 _
Va(ouoon o]t b ] 3o, o0 2). tor =7,
2c1>()c1>()71 [ Ml’”lcb()cp()2 for M\M, = PT
= x ——| +zrr x —, = PT,
3\ T, M, Y y(l —xy) )Ezy ST T om m \Y Ty 1o

(- 00,00

uw*l}

Xy

*Jo

2y
(r%chz ()P, (v) =

xy(1 = xy)

2y

(‘r;jy' Dy, (x)q’m, () m

_ 1
Al = 71'(13/ dxdy
0

+ r)jyzq)Ml (y)q)mz(x) =

+ r)](wz(DM] (y)q)mz(x) -

2
@, (X) D, () ) for M\M, = VP, PS,
Xy

2
—rj(wlrj(wz(bmz(x)Qm](y)§>7 fOr M1M2 :PV’SP’

2 1 17 3w u 2

\/;(q)Mz (.X)(DMI (y) [m + )E_yz:| + E Ty lrx 2q)m2 (X)q)ml (y) E) s for M1M2 = TP,
2 1 11 3w u 2

\/%(QMZ(X)(DMI ) [m + W} —37 'yt @y, (X)@,, (¥) g) for M\M, = PT,

2x
(1 —x9)
2x

xy(1 = xy)

), for M,M, = VP, PS,

), for M\M, = PV,SP,

—=zr,'® o — *d o — for M\M, = TP, PT
3<2r)( Mz(x) ml(y)fy(] —x)?)—i_r)( M, (y) mz(X)fy(l _xy) ’ or 1472 ) ’
M, 204%) _ m, 2(1+y)
ry d>M2(x)d)ml(y)T— 2@y (9) D@y, (%) o ) for M\M, = VP, PS,
! w 20045 m, 2(1+y)
A§=nas/0 dxdy (_rllq)MQ(x)q)ml(y) 2y —’x‘q)Ml(Y)‘sz(x)T)z . for M\M, = PV, SP,
2/3 2045  u 2(1 +y)
§<§ r)’}’IICI)M2 (x)qul(y)W — rﬁ”-d)Ml(y)Qsz(x)T)z , for M\M,=TP,PT,
|
When dealing with the weak annihilation contributions  In our work, we will follow the assumption X" —

and the hard spectator contributions, one has to deal with the
infrared end-point singularity X= [ dx/(1—x). The treat-
ment of this end-point divergence is model dependent, and
we follow Ref. [ 10] to parametrize this end-point divergence
in the annihilation and hard spectator diagrams as

mp
In—

. MMy
XU = (Ll

(22)

where Ay, is a typical scale of order 0.5 GeV, pz/l(%z is an

unknown real parameter and (/’)2’1(%2 is a free strong phase in
the range [0, 27| for the annihilation (hard spectator) process.

XM XMiM> for the B — PV(PT) decays [25,31,32],
but for the B — SP decays, we will further assume that
XMMe — xMoMy compared with the B — PV(PT) decays.

IV. CALCULATION OF CP VIOLATION
A. FRAMEWORK

1. Nonresonance background

In the absence of resonances, the factorizable non-
resonance amplitude for the B~ — K z"z~ decay has
the expression [6,33]
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G _ N e/ =
Ang = 7% D At a|(@h)y_s|B7) (K™ |(5u)y_s|0) @18, + aff + aly — (af + af)rf)
p=u,.c
+ (= |db|B-Y (K~ |5d|0)(—2a” + 2aD)). (23)

For the parameters a; which contain effective Wilson coefficients, we take the following values [6,33]:

ay =099 +0037, a=019-0.11i,  a;=—-0002+0.004i,  as = 0.0054 — 0.005i,
al =—-0.03-002i,  a5=-004-0008;  a'=-0006-002i, a=—0.006-0.006i.
a; =054 x 107, a=(45-05i) x 107, a§=(44-03i)x 107, a, =—0.010 — 0.0002i,

ay = (—58.3 +86.1i) x 107, a$, = (—60.3 + 88.8i) x 107. (24)

For the current-induced process, the amplitude (77~ |(@b),_,|B~)(K~|(5u)y_4|0) can be expressed in terms of three

unknown form factors [6,33,34]

A a = (@ (p1)a™ (p2)|(@b)y_a|B™) (K™ (p3)|(5u)y_4|0)

fx

=75 2m3r + (my — 515 — m3)@, + (s23 — 513 — m3 + m7)w_], (25)

where r, w, and h are form factors which can be evaluated in the framework of HMChPT and the results read [34,35]

R S23 — M. m.

_ g fmpg/mpmy [1 L (Pe=p1) -pl]
T2 sy —mi ms. ’
s _[p Ps-(P2=p)

2f7

2
S§73 — mB*

where s;; = (p; + p j)z, g is a heavy-flavor-independent
strong coupling which can be extracted from the CLEO
measurement of the D** decay width, |g| = 0.59 +0.01 +
0.07 [36], which sign is fixed to be negative in Ref. [3].

However, the predicted nonresonance results based on
HMChHPT are not recovered in the soft meson region and
lead to decay rates that are too large which are in disagree-
ment with experiment [37]. For example, the branching
fraction is found to be of order 7.5 x 107>, which is 1 order
of magnitude larger than the BABAR result, 5.3 x 107°
[38]. The issue is related to the applicability HMChPT,
which requires the two mesons in the final state in the B —
MM, transition have to be soft and hence an exponential
form of the amplitudes is necessary [33,39],

HMChPT

—anr P (P1+D2) pith12
current—inde e ’ (27)

Acurrent—ind =

where ayg is constrained from the tree dominated decay
B~ — ntz n to be ayg = 0.0817055 GeV~2, and the

_ifB*mB*\/mBmB* [1 _ (Ps = p1) 'Pl] +

[B
2f%

mpm -

L 20fp [ms (ps=p1)-P1_ 49 5
fipg=pi—p2)*—mg [z \mg sy —mp 2 (pp—p1—p2)*—mj

L Pr2=pi (ps = p)P2 - (Ps = p1)/mi

(26)

[
phase ¢, of the nonresonant amplitude will be set to zero
for simplicity [33,39].

The matrix element of (K~zt[5d|0)™R is related to
(KK~ |55|0)NR via SU(3) symmetry, i.e., (K~ z"|5d|0)NR =
(K*K~|55|0)NR we shall adopt Ref. [6] to assume that final
state interactions amount to giving a large strong phase o to
the nonresonance component of the matrix element of
(K=7"|5d|0)NR and a fit to the data of direct CP asymme-
tries in B~ —» K~ n"z~ yields

(K=(p1)7* (p,)|5d|0)NR

(3FNR + 2F£\TR> + O'NRe_aslzehS

~
~

[SSEIRN W

2 _ 2
(3FNr + 2F\R) + onre™ ™7 e (1 + 47m,{ m,,) ,
S12

(28)

where the parameter oyg = (3.39705%)e™/* GeV, and v =

2 2 _ 2
m my—m .
— K — —K_x characterizes the quark-operator parameter
my+mg

ms—my
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(gq) which spontaneously breaks the chiral symmetry
and the experimental measurement leads to a =
(0.14 £ 0.02) GeV~? [40]. Motivated by the asymptotic
constraints from pQCD, namely, F(¢)() — (1/1)[In(¢/A?)]~!
in the large-t limit [41], the nonresonance form factors in
Eq. (28) can be parametrized as [6]

X X s -1
ratsn) = (G2 ()]

x X S -1
F! = (422 ) |m(2 , 29
o) = (22 (32 9

where A~ 0.3 GeV is the QCD scale parameter, the
unknown parameters x; and x are fitted from the kaon

electromagnetic data, giving the following best-fit values
[42]:

x; = —3.26 GeV?,
x| =047 GeV2,

x, = 5.02 GeV*,
X, =0. (30)

2. Resonance contributions

LHCDb has observed large CP asymmetries in localized
regions of phase space my_ . <15 GeV? and 0.08 <
m2. _ < 0.66 GeV? [7,8], which contains the [zz] and
[Kz] channel resonances including «(600), p°(770),
w(782), K;(700), K;(1430), K3(1430) and (K*)'
[K*(892), K*(1410), K*(1680) for i = 1, 2, 3] which will
be denoted as o, p, o, k, K{, K3 and (K*)' for simplicity,
respectively. The total resonance amplitude including the
p — o mixing effect can be written as [6,43]

D AR=Art Ayt At Y Ay +Ag +Ag,
R i

= Alza) + Alka) (31)

where the sum over R refers to that over the aforementioned
resonances including the p — @ mixing effect.

p — o mixing has the dual advantages that the strong
phase difference is large and well known [44,45]. In order
to deal with the large localized CP violation, we need to
appeal this mechanism to the B~ — K~z z~ decay. In this
scenario one has [46-48]

A, = (K- atn"|HT|B~) + (K~n*n~|HP|B~)
:6‘/1' (pn' _pﬂ+)|:< 9o H wlo +gp >
S,

prw Sp

X

g ~
pSo sﬂ

where H” and H” are the Hamiltonians for the tree and
penguin operators, respectively, ty, (V = p or w) is the tree

amplitude and py is the penguin amplitude for producing
an intermediate vector meson V, g, is the coupling for
p—ontn, ﬁpw is the effective p — @ mixing amplitude,
and sy is from the inverse propagator of the vector meson
v, sV =5 —m} + imyl'y and /s is the invariant mass of
the zt 7~ pair. The direct coupling @ — z" 7~ is effectively
absorbed into H,,w [49], leading to the explicit s dependence
of Hpa,. Making the expansion flpw(s) = lzlpw(mg,) +
(s — mi)ﬁ;,w(mf,), the p—w mixing parameters were
determined in the fit of Gardner and O’Connell
[50]: E)KeH,,m( m2) = —3500 + 300 MeV?, SmHﬂm( m2) =
=300 + 300 MeV?, 11, (m2) = 0.03 + 0.04. In practice,
the effect of the derivative term is negligible.

Because of its large width, ¢ cannot be modeled by a
naive Breit-Wigner distribution. In this paper, we will adopt
the Bugg model to parametrize the distribution of ¢ which
is given by [51-53]

Ro(s) =T (5)/ | M =5 = g} (5) 3 —=2(s) = iMT ()
(33)

where 2(s)= 1 (5) —j1 (M) with jy(s) =32 +1 (i),

Tio(s) = 21 Tu(s) and

M4 (5) = (6) =),

MT5(s) = 0.6g7(s)(s/M?) exp(—als — dmg|)p,(s),
MT5(s) = 0.2g7(s)(s/M?) exp(—als — 4my|)ps(s),
MY y(5) = MGanpar(s)/pax(M?),

gi(s) = M(c; + cps5) exp[=(s — M?) /A],

par(s) = 1.0/[1 + exp(7.082 — 2.8455)]. (34)

The parameters in Eqs. (33) and (34) are fixed to be
M=0.953GeV, 5,=0.14m2, ¢; =1.302GeV?, ¢, = 0.340,
A =2.426 GeV? and g4, = 0.011 GeV, which are given in
the fourth column of Table I in Ref. [51]. The parameters
p1.2.3 are the phase-space factors of the decay channels 7z,
KK and #n, respectively, which are defined as [51]

pi(s) =4\/1—-4— (35)

s
with m;=m,, my=myg and m3=m,. Other resonants in
Eq. (31) will be modeled by the naive Breit-Wigner
distribution.

Within the QCDF, we derive the tree and penguin
amplitudes of p and w in Eq. (32) and obtain

t, = —iGpmye, - PB'i( [a (pK)A B_)ﬂ( 0)fx
—|—a2(Kp)Fg_>K( )f/)+b2(pK)fopr]’ (36)
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by = =iGrmye, - puhil [ (0K)AG™(0)fic + ar(Keo) F K (0)f, + ba(0K) fpf o - (37)
. » s N 3 .
= ~iGpmye) - py Y xﬁﬂ{ LK) + @ pw (pK)JAG ™ () + 5 o (Kp) G5 (0),
p=u.
+ 40K) = D (L i (38)
: * (s) L) B—K p 3
Do = —IGpm,€l - pp Z Ap’3 [203(Kw) + % (Ko) | F§~5(0)fo + |af (wK) + §a4’Ew(a)K)
p=u,c
< AG(0) i+ D3 (0K) + L (0K S (39)
The polarization vectors of a vector meson V with mass my and momentum p satisfies
« Puby
> l)eblr) == (s - 22%). (@0)
1=0.£1 my
from which one obtains [54]
Z e (2= p3)(€")" - pp =313 = 513, (41)
1=0,%1

813 is the midpoint of the allowed range of 53, 1.e., §13 = (513.max + S13.min)/2> With §13 max and s13 y;, being the maximum
and minimum values of 53 for fixed s,.
As for the polarization vectors of a tensor meson we have [43]

| . -
> caDpipie D pipt =3 (il = (B - 5)* (42)
-2

where p; and p, are three momenta of z~(p,) and =" (p,), respectively, in the rest frame of z*(p,) and K=(p3). One
Obtains, with MmMy3 = /823 [43],

- 1
|P1| =

\/[m% — (ma3 + my)?][mp — (ma3 — my)?],

2m23

D] = ﬁzg \/[523 — (m3 4+ my)*|[s53 — (m3 — my)?],

(m — m3)(m3 — m3)

P1-DPr =51 — 53+ (43)

523

Inserting Egs. (36)—(39) into Eq. (32), one can get the amplitude from p — @ mixing contribution,

Ap,(u = _iGF(SKﬂ - SKII){ g;) H [mw/ll(ds)<a1 (a)K)Ag_)w(O)fK + QZ(Kw)Fg_)K(O)f(u + bZ(wK)fowamw/(mec)>]
SpSw

+ L malY (e (pK)AL ™ (0)f x + ax (Kp)FE X (0)f , + b2<pK>fo,,me,,)/<mec>>]}
P
" {sfg i, [ DI {(zag Ka) + 5o (Kw)>Fg~K(0) fut (aff(a;K) +;aff’EW(wK)>Ag"“’(0) fe

(b”(a)K) + b3 Ew(a’K))fowamw/<mBPc>H
Z /117 PK + oy EW(PK))Ag_)p(O)fK + §a§,EW<KP)FOB_)K(O)fp
2

p=u.,c

T (B(oK) - bg’.Eme)>fo,,me(,,/<me5>}] } (44)
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where p, is the magnitude of the three momentum of either final state meson in the rest frame of the B meson, a? (M M)
can be expressed in terms of the coefficients a” defined in Eq. (10) and have the following expressions:

ay(M\My) = a;(M M),

a(M\My) = a,(M M),
) al(M\My) — a?(M\M,), if M\M, = VP,SP,TP,

@ (M M) = {ag’(Mle) +al(M\M,), if MM, = PV, PS,PT,

al (M\M,) + ry>al (M\M,), if MM, = PV, PT,

al (M\M,) — ryal(M\M,), if M\M, = VP,PS,SP,TP,

al(M\M,) — a?(M|M,), if MM, = VP,SP, TP,

o MM, =
3,EW< 1M,) {ag(MlM2)+a§’(M M,), if MM, = PV,PS,PT,

ay (M M,) —{

aly(M\My) + ry?al(MM,), if M\M, = PV, PT,

(45)
aly(M\My) = ri2al (M M,), if MM, = VP,PS,SP,TP.

oy pw(M M) = {

Meanwhile, it is straightforward get the amplitudes contributed by others resonances, including o, k, (K*)’, K} and K,
respectively,

Ay = Gy 3715 {m ) FB=0 (2 <6 put (0K) + (oK) + gy (0K

p=u.c

1
- foKfo‘[épubZ(aK) + bP(GK) + b3 EW( )] + |:5pua2(K6) + 20!?([(0) + zag,EW(KO-)]

« (= w2 ) FB=K (0) {\f ol (Ko) + V2! (Ko) - \/_a3Ew(K5) \;iaf’Ew(Kg)}
(= ) PG (02072 = S T2V Bpbs(K) + VI (Ke) + V30 (K] . (46)
e =i 25 S0 { (e () =St ) (= )RS
— (B} (m0) + bg’,Eww))fo,,ﬂ}. (47)
Ay = =i Ger e 475 S0 e K)ot ey Onap) = () =St
< (2 P ) = (D5 (0(KY) + By K V)) % Sy ) (45)

where (K*)' = K*(892), K*(1410), K*(1680) corresponding to i = 1, 2, 3, respectively, and

. 9Kkikn s * Z * 1 *
Ag; = —iGp sO Zﬂﬁ,){bz(ﬂKo)foﬂst - (af(n’KO) _EO[ZEW(ﬂKO)>

Ky p=u.c

(= m2) P~ (3 ) Fc) — (B () + b Ew<n1<z;>>f3fﬂf,<;}. (49)

A = =iGr [ (Bl )7 = (P 5| 2% S 00 k) P s )

us p=u.,

- <a£(”K§) —%“ZEW(”K@> (_2mTFll;_me ) — (b5 (7K3) + bY EW(”KE))foan;mK;/(mBPc)}- (50)
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Combining Eq. (44) with Eq. (46), one obtains the amplitude of B~ - K~ [z"7n7] - K zntzn~

: S 9 s —® —
A[lm] = _lGF(sKﬂ - SKH){ . H/m)[mwj'l(l )(al (wK)AOB (O)fK +a (Kw)Fg K(O)fw + bZ (a)K)fowamw/(mec)H

S/,Sa,

+ L my 28 (e (pK)AS ™ (0)f k + ar (Kp) FEK(0) 1, + by (pK)fo,Jmea,/<mec>>]}
+ {S 5o |: Z/I {(2(13 Kw)—l—%af([(w))FOB—’K(O)fw—i— (af(a)K)+%af’EW(wK)>Ag—>w(o)fK

(bp (0K) + b% EW(wK))fomema)/(mec) H

[ Z /1 { (PK) +ay, EW(PK))AB_W (0)fk + %aé’,gw(Kﬂ)Fg*K(O)fp + (b5 (pK)

p=u.c

=W oK)yl (s |

+ iGFgmmR(; Z /Ig) { (m(z)’ - m%)Fg_)f(m%()fK [517ua1 (O-K) + aéll] (GK) + aZ,EW(GK)]

p=u.c

Sl T8y o) + BL(0K) + V(oK) + |3p(Ko) + 20 (Ko) + ol ()|
(= ) PR O)F + | V328 (Ko) + 2 (K) ~ sl (Ke) = sy (K) | 0 = )G ()

—foKff,[\/Eépubz(Ka) + V265 (Ko) + V25 oy (Ko)] } (51)

Meanwhile, using Egs. (48)—(50), we get the amplitude of B~ —» [K z" |z~ - K ztzn™:

A[Kﬂ]:_iGF(gﬂﬂ_ Kﬂ 2/1 { )fo]l’f /(meC)
- (afsz*)f)—%aﬁ,w(n(K*)f)) (2P e = LK)+ D (KD ey ()

—iGp Ixkn z,l {bz 7K) [z~ <a£(”K)_%aZ,EW<”K>>

Kpuc

X ((my—mz)Fg~"(mg) f) — (bp(ﬂK>+b3EW(ﬂK))foﬂfK} iGp 9K;Kn Z’l

SK; p=wc
_ 1 _ _
s { oo T K)o (K3) ) (0 =D () o) (R K)oy (K3 T,
1 - P
16 05 17 2= ) 25 5 A
K5 p=u.c

1
X {bZ(HK;)foan;mK’z‘/(mec) - <aﬁ)(”K§) _EaiEW(”Ké))

X (_2mTF113_)”fK )— (5 (zK3) + b5 EW(ﬂKE))foanmeZ/(mec)}' (52)

In addition, we can obtain the amplitude of the B~ — oz~, which has the following form:
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AB~ — [t o >—lcpzzd{ 2 = ) FE=7 () f (6 ucty (0m) + ol (o) + ol gy (o))

p=u.c

- foEfi‘,[épubz(oﬂ) + bY (o) 4 bf gy (om)] + [5pua2(m;) + 2df (zo) + af (zo)
3 (50) = 3y (0) |~ mDFE O+ V2] (50) = V3 )]

(= )G (O -+ S o2 3y + B (0) = iy 1) . (53)

3. Total result for the amplitude of B~ - K n*n~

In the QCDF, both the resonance and nonresonance contributions have been considered, inserting Eqgs. (51) and (52) to
Eq. (31) then combining Egs. (23)—(30), the decay amplitude via B~ — R + NR — K~z z~ can be finally obtained as

A= iGraomsR, S 1 {m ) B0 (12 F (6 putt (0K) + a2 (0K) + gy (0K )]

p=u,c

— Faf kF41Bpuba(0K) + B (0K) + B iy (0K)] + | ,ta(Ko) + 2% (Ko) + %ag’ﬁwmo)]
(= ) PR (O + V308 (Ko) + V30 (Ko) =l (Ke) = s oy (K)|

X (m% - mK)FB—}K( (27)]?(\; - foK.f;[\/E51zttb2(Ko-) + \/Ebg(KU) + \/Ebg,EW<KU)]}

 n 9 & o R
~iGr(Sx ~ Ske) {ﬁnpw[mwza (@ (@K)AF="(0)f i + ax(Keo) FE(0),
pra

+ ba(@K)f s o k) (m5p)] + 2 m, 2 @y (PK)AS ™ (O)f ¢ + aa(Kp)FE (0},
P

e 1
+ bZ(pK)foprmm/<mec)]} + {g—; pPw |: mg, Z /1 { (26{3 Ka)) +3 2 (Ka))>Fg_)K(O)fm
p=u,c

s/) w

v (af: (0K) + 3 (0K) A0+ (@) + Dy (0)) S ()

N 3
[ /’Zﬂ { (PK) +0’4Ew('0K))AB ’(0 )fK+§a§,EW(Kp)Fg—>K(O)f/;

p=u,c

+ (B (pK) — b3Ew<pK>)foprmw/<mec)H}—i TR 5 gl { V) 8f ot (k-

p=u.c

- (4 (al)) = Sl r(K) >)<—2meCF?~ﬂf(K*y>—<b§<n< V) + B (K *>">>f3f,,f<,mi}

1 _
—iG gKKIl’ Z j. {b2 K fo;sz — (af:(;n() — Eag,EW(ﬂK)> ((mé - m,%)FOB—’”(mg)fx)

KpuL

KK

— (B} (mx) + bé’,Ew(m)fo,,ﬂ} — iG (S = Spa) 2 YA {bz (nK) fafaf x;

.
0 p=uc

1 - _
(B 0K3) = i (5K5) ) (% = 20 ) = (64(K) + D (K)o,
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zGF{ (BB )2 = (5 ﬁ,,+>]g’< IKskn 5 o {b2<nKz>foﬂfK*mK*/<mec>

SK; p=u.c
1
- <aff(7rK§) _2a£.EW(”K§))(_2mTF119_)”fK*) (b5 (nK3) + DY EW(”K;))foﬂngmK;/(mec)}

f
Z 2 2myr + (my — Spp — mE)@, + (S5 — Sax)0_][a18,, + af + aly — (af + af)r¥]

p u,c

2 2
X e_(lNR(‘Ymr+SKﬂ_m3r_m§() + mp —
mg — my,

4. Localizd CP violation

Totally, the decay amplitude for B — K~z z~ is the sum
of resonant (R) contributions and the nonresonant (NR)
background [6]

A= Ag+Aw. (55)
R

The differential CP asymmetry parameter can be defined as

A]” - |A]?

Acp = sz
AP + AP

(56)

In this work, we will consider eight resonances in a
certain phase region Q which includes m%_ . < 15 GeV?
and 0.08 < m?. _ <0.66 GeV* for the B~ —» K zn'n~
decay. By integrating the denominator and numerator of
Acp in this region, we get the localized integrated CP
asymmetry, which can be measured by experiments and
takes the following form:

fg dSlzCl'~V13(|A\2 - |A|2)

AL —Z 57
P [qdsndsis(|AP +AP) 57)
|
A(B~ - 0K™) = <0"K_|Heff|3_>
Zz

p=u.c

1
+ [az(KO')5pM +203(Ko) + EagEW(Ka) x (m% —m

2 2
FB_)E(O)> (—2ag + 2ag) E (3FNR + 2F\R) + onge @me'® <1 T Sl m,,)] ,

SJU[

(54)

B. Calculation of differential CP violation and
branching fraction of B~ — K~ ¢ decay

Using Eq. (56), the differential CP asymmetry parameter
of B — MM, can be expressed as

[A(B = M\ M,)|> —|A(B - M, M,)|?
[A(B — M M,)* +|A(B— M, M,)|*
(58)

Acp(B— M M,) =

The branching fraction of the B — MM, decay has the
following form:

B(B — M M) = 1p Pcz
8rmy,

A(B = M\M5)]>, (59)
where 7z and myp are the lifetime and the mass of the B
meson, respectively, p. is the magnitude of the three
momentum of either final state meson in the rest frame
of the B meson which can be expressed as

1
_ — 2 _
Pe 2’"3 \/[mB

(myg, 4 myg,)?|[my — (mpg, — mg,)?],

(60)

with my, and my,, being the two final state mesons’
masses, respectively.
The amplitude of B~ — K~ ¢ has the following form:

{ 1 (0K)5 s + (oK) + o g (0K)] X (m2 — m) FE= ()

WP )7

n [ﬂaé’uw) VI (Ko) ~ sy (Ke) - %aiﬁwma)]

x (my = mi ) F§~* (m3) fs -

[b2(0K)8,, + b5 (0K) + bY gy (0K)]

Xfong—\/E[bz(KO')5 +bp(K5)+b3Ew( )]XfoKfsz}- (61)
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Substituting Eq. (61) into Eq. (58) we can get the expression of A-p(B~ — K~ ¢). Substituting Egs. (61) and (60) into
Eq. (59), one can obtain the branching fraction of B~ — K~ 6.
V. NUMERICAL RESULTS
The theoretical results obtained in the QCDF approach depend on many input parameters. The values of the Wolfenstein
parameters are given as p = 0.117 +0.021, 7 = 0.353 £ 0.013 [55].
The effective Wilson coefficients used in our calculations are taken from Ref. [56]:
Cy =-0.3125, C, = —1.1502,
C, =2.120 x 1072 4 5.174 x 1073, C, = —4.869 x 1072 — 1.552 x 1072,
C, =1.420x 1072 +5.174 x 1073}, C, = —5.792 x 1072 — 1.552 x 1072,
C, = —8.340 x 107> - 9.938 x 1073, Cy = 3.839 x 1074,
Cy = —1.017 x 1072 = 9.938 x 1073, Clp = 1.959 x 1073, (62)

For the masses appearing in B decays, we shall use the following values (in units of GeV) [55]:

m, =my=00035,  my=0119, m,=42  m,= w me = 0.14,
my-=5279,  m, =082,  mypq = 0775,  mg- = 0494, m,=0824,  my(892) = 0.895,
m(1410) = 1414, my (1430) = 1.425,  me(1680) = 1717, my (1430) = 1.426, (63)

while for the widths we shall use (in units of GeV) [55]
[, =0.149, I', = 0.00849, [600) = 0.5, I =0.478, [k (392) = 0.047,
[k (1410) = 0.232, [k (1680) = 0.322, Ik (1430) = 0.270, Lk:(1430) = 0.109,
[,z = 0.149, Iy_rr = 0.00013, Cy(600)=zz = 0.3, [k (392)-kz = 0.0487,
k- (1410)-kz = 0.015, [k (1680)-k= = 0.10, Lks(1430)~ k2 = 0.251, Uk (1430~ k= = 0.054. (64)

The strong coupling constants are determined from the measured widths through the relations [6,43,57]

8wm3

Is—m\ M, = —PC(S) S—M| M,
6wm3,

Gv-mm, = 717 V) VM M)
c

60mm3
gr-mimy = A\ WT;FT—»M’]M;, (65)

where p.(S, V, T) are the magnitudes of the three momenta of the final state meson in the rest frame of S, V, and T mesons,
respectively.
The following numerical values for the decay constants will be used (in units of GeV) [6,11,25]:

fre=0131,  fp =021£002,  fx =0.156=0.007,
Fm = 0216 £0.003,  f5.,0 =0.165+£0.009,  f,=0.187+£0.005,  f&=0.15140.009,

Fe=0344£002,  frm =022+0005,  fi g, =0.185+0.010,
.ng(1430) - —0300 j: 0030, fK§(1430) - 01 18 :l: 0005, fiz(1430) - 0077 :l: 0014 (66)
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As for the form factors, we use [6,11,25]

FB=K(0) =035+£0.04,  A77(0) =0303+0.029,  FE~7(0) = 0.25 + 0.03,
ABK D 0y 20374 £0034,  ALT5UPY(0) = 0.25 4 0.04,
AR 0y — 014 002, FERUY0) =021 (67)
The values of Gegenbauer moments at 4 = 1 GeV are taken from [6,11,25,58]:
& =0, &=015+007, &, =0, a, =0.14+0.06,
@ =0, a@=015+007, o, =0, a9, =0.14+0.06,
ai(;(mso) _ % f;l(1430) z
af ¥ =003+002, of ¥V =004+003, o ' =0114009, o P =0.10+0.08,
BY o0 = 0420074, BY_ (0 =-058+0.23,
B} o0 = —035£0.061, B}, g =043 £0.18.
B, =-092+0.11, By, =0.15+009, B0 =058+0.07. B0 = —1.20£0.08. (68)

Using the large energy effective theory (LEET) tech-
nique, Refs. [59,60] formulate the B — K} (J > 1) form
factors in the large recoil region. All the form factors can be
expressed in terms of two independent LEET functions, & |
and &|. Explicitly, we have

s B\ J-1 m2.
Al <q>(',’%) = (1- 25 ) @)
m’“éf( 2), (69)

where have used |px:|/E = 1, [Pk | is the magnitude of the
three momentum of the Kj meson in the rest frame of the B
meson. With 5” 4190y = 0224003, &5 M90) =

0.28 4 0.04, & "*V(0) = 0.18 £ 0.03 and £} "**V(0) =
0.24 £+ 0.05 derlved from the Bauer-Stech-Wirbel model

[24], we can obtain AS % U419(0) = 0.26 +0.0275
and AS7K (1680)(0)_0.2154j:0.0281, respectively. For

FE~°(m%), we take F5~°(m%)=0.45+0.15 [61]. In
our work, all the form factors are evaluated at g> =0
due to the smallness of m?2 and m% compared with m3 [10].
As for the decay constants and Gegenbauer moments of
the K*(1410) and the K*(1680) mesons, we assume they
have the same central values as K*(892) and assign their
uncertainties to be £0.1. In fact, the magnitudes of these
errors have negligible influences.

A general fit of the parameters p and ¢ to the B — VP
and B — PV data indicates XV # XV? ie., pV = 0.87,
PP =1.07, *F = =30° and ¢”V = —70° [31]. For the

|
B — PT and B — TP cases, we will use the values in
Ref. [25]: p"" =0.83, pfT =0.75, ¢ =-70° and
P = O0 We shall assign an error of 0.1 to pM1M2
and +20° to ¢ M2 for estimation of theoretical uncertain-
ties. We calculate the branching ratios and CP asymmetries
for B to a vector meson or a tensor meson plus a
pseudoscalar meson involved in our work, which are shown
in Tables I and II, respectively. As can be seen from these
two tables, our results are consistent with the available
experimental data. However, for the B — PS and B — SP
decays, there is few experimental data so the values of pg
and ¢ are not determined well, to make an estimation
about Aep(B~ — K~ 6) and B(B~ — K~ 6), we will adopt
X" = X% = (1 + pge?s) In’it as described in Sec. IIL
Now we are left with only two free parameters with all
the above considerations, which are the divergence param-
eters pg and ¢g for Aep(B~ > R+ NR - K n"z™). By
fitting the theoretical result to the experimental data
Acp(B- > K o'z ‘) =0.678 £ 0.078 £ 0.0323 £ 0 007
in the region mi_ . <15 GeV? and 0.08 <m?, _ <
0.66 GeV?,  Acp(B~ — K;;(1430)z~) = 0.061 + 0. 032,
B(B~ - K;j(1430)27) = (3978) x 10 and B(B~ —
c(600) 7~ = z~ntx™) < 4.1 x 107 [62], and varying ¢y
and pg by 0.01 each time in the range ¢g € [0,2x] and
€ [0, 8] [63,64], i.e., Apg = 0.01 and Agg = 0.01, it is
found that there exist ranges of the parameters pg and
¢s which satisfy the above experimental data. The allowed
ranges are ¢g € [1.77,2.25] and pg € [2.39,4.02]. There-
fore, the interference of resonances [z7z] resonances includ-
ing 6(600), p°(770), w(782) mesons, [Kz| resonances
including «, K*(892), K*(1410), K;(1430), K*(1680) and
K%(1430) mesons together with the nonresonance
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TABLE L

Branching fractions (in units of 107°) of resonant and nonresonant (NR) contributions to

B~ — K~z z~. The theoretical errors corresponding to the uncertainties due to the form factors, decay constants

Gegenbauer moments and divergence parameters.

Decay mode BABAR [68] Belle [69] This work
oK~ o % [6.53,17.52]
PO K- 3.56 £ 0.45 £ 0.4310;% 3.89 £ 0.47 £0.291033 2.84 +£0.26
oK~ 0.09 +0.13 £ 0.02550; e 0.072 +0.012
KT~ [4.11,13.46]
K*0(892)n~ 72404407553 6.45 £ 0.43 + 0.48103 5.77+£0.35
K*0(1410)7~ 1.58 + 1.01
K*0(1680)7~ - 1.09 +0.73
K3°(1430)7~ 1.85 +0.41 +0.28%05¢ e 1.02 +£0.11
NR 93+ 1.0+ 12757 £12 169 £ 1.3 + 1.313 1335423

contribution can indeed induce the data for the localized
CP asymmetry in the B~ — K~z z~ decay. It is noted that
the range of pg € [2.39,4.02] is larger than the previously
conservative choice of p < 1 [10,12]. Since the QCDF itself
cannot give information about the parameters p and ¢, there
is no reason to restrict p to the range p < 1 [23,31,65,66].
In the pQCD approach, the possible un-negligible large
weak annihilation contributions were noticed first in
Refs. [15,67]. In fact, there are many experimental studies
which have been successfully carried out at B factories
(BABAR and Belle), Tevatron (CDF and D0) and LHCb in
the past and will be continued at LHCb and Belle experi-
ments. These experiments provide highly fertile ground for
theoretical studies and have yielded many exciting and
important results, such as measurements of pure annihila-
tion By, — zxw and B; — KK decays reported recently by
CDF, LHCb and Belle [18-20], which suggest the exist-
ence of unexpected large annihilation contributions and
have attracted much attention [21-23]. Thus larger values
of pg are acceptable when dealing with the divergence
problems for B — SP(PS) decays. With the large values of
ps, it is certain that both the weak annihilation and the hard
spectator scattering processes can make large contributions

TABLE 1I.

to B~ — K o decays. Many more experimental and theo-
retical efforts are expected to understand the underlying
QCD dynamics of annihilation and spectator scattering
contributions. In the obtained allowed ranges for pg and ¢y,
ie., ps €[2.39,4.02] and ¢y € [1.77,2.25], we calculate
the CP asymmetry parameter and the branching fraction
for the B~ - K ¢ decay modes using Egs. (58)—(60).
Similarly, we can also get the corresponding results of the
B~ - kn~ decay. We obtain that Aqp(B~ — K o) €
[-0.34,-0.11], B(B~ - K=0) € [6.53,17.52] x 107°,
Acp(B~ —» kn~) € [-0.18,0.10] and B(B~ —«kn~) €
[4.11,13.46] x 107% when pg and ¢ vary in their allowed
ranges, which are shown in Tables I and II, respectively.
Moreover, with the obtained values of pg and ¢g, we can
also get the localized CP asymmetry Aep(B~ — K nt7n™)
induced by only [zz] and only [Kz] resonances, res-
pectively, in the same region m%ﬁﬁ <15 GeV? and
0.08 < m?. _ <0.66 GeV>. Inserting Egs. (51) and (52)
into Eq. (57) respectively, the results are Aqp(B~ —
[K~nt)n~ > K ntn”) =0.174 £ 0.025 and Acp(B™ —
K [zt ] > K 7ntz7)=0.509+0.042. Comparing these
two results, we can see the contribution from the [K7]
resonances are much smaller than that from the [z7]

Direct CP asymmetries (in units of 1072) of resonant and nonresonant (NR) contributions to

B~ — K~z x~. The theoretical errors corresponding to the uncertainties due to the form factors, decay constants,

Gegenbauer moments and divergence parameters.

Decay mode BABAR [68] PDG [62] This work
oK~ [—34,-11]
P°K- 44iloi4ff3 37+ 10 32412
oK~ —2+4 ~140.1
Kn~ [—18,10]
K°(892)n~ 3252+ 1157 2.6 +1.7
K*0(1410)7~ e 24421
K*0(1680)z~ e . 3.0+£25
K30(1430)7~ 5+234+458 53 35+19
NR = 16.9 + 1.3 £ 1314 104 +1.2
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resonances. This is because B~ — [K~zt|z decays are
mediated by the b — s loop (penguin) transition without
the b — u tree component as shown in Egs. (44) and (46)—
(50) and also because the resonance regions of [Kz]
channel mesons have smaller widths and are further
away from [zz] channel mesons (p, @ and o). Therefore,
the contributions from the [Kz| channel resonances are
much smaller than that from [zz] channel resonances.
Furthermore, using Eqgs. (23)-(30) and Eq. (57), we also
get that the nonresonance contribution as Agp"R(B~ —
K~n"z~) =0.061 £+ 0.0042 which is also much smaller
than that from the [zz] resonances in our studied region
my_ . <15 GeV? and 0.08 < m?. _ < 0.66 GeV?. Since
both Aep(B~ = [K~n']x~ - K n"z") and Acp™¥ (B~ -
K~ zn"n~) are much smaller than Aop(B~ —» K [z77n7] -
K zntz™), we can conclude that the large localized
CP asymmetry Aqp(B~ — K zntz7) = 0.678 +0.078 +
0.0323 £0.007 is mainly induced by the contributions
from the [zz] channel resonances.

VI. SUMMARY

In this work, within a quasi-two-body QCD factorization
approach, we study the localized integrated CP violation in
the B~ — K~z 'z~ decay in the region m%_ . < 15 GeV?
and 0.08 <m2, _ <0.66 GeV? by including the contri-
butions from both resonances including ¢(600), p°(770)
and »(782) mesons from the [zz]| channel and K*(892),
K*(1410), K((1430), K*(1680) and K;(1430) mesons
from the [Kz| channel. By fitting the experimental
data Acp(B™ —» K n7zn7) =0.678 £0.078 £ 0.0323 £+
0.007 in the above experimental region, Aqp(B~ —
K{§(1430)z~) = 0.061 £0.032, B(B~ — Kj(1430)z~) =
(3979) x107° and B(B~ - 6(600)zr~ - z xt17) <
4.1 x 1075, it is found that there exist ranges of parameters
ps and ¢pg which satisfy the above experimental data. Thus,
the resonance and nonresonance contributions can indeed
induce the data for the localized CP asymmetry in the
B~ — K~ z"n~ decay. The allowed ranges for ¢¢ and pg

are ¢pg € [1.77,2.25] and pg € [2.39,4.02] which is larger
than the previously conservative choice of p < 1. In fact,
there is no reason to restrict p to the range p < 1 because
the QCDF itself cannot give information and constraint
on the parameter p and it can only be obtained through the
experimental data. Large values of pg reveal that the
contributions from the weak annihilation and the hard
spectator scattering processes are both large for the B~ —
K~ n"z~ decay. Especially, the contribution from the weak
annihilation part should not be neglected. In fact, the large
weak annihilation contributions have been observed and
predicted in experimental and theoretical studies. So the
larger values of pg are acceptable when dealing with
the divergence problems for the B — SP(PS) decays.
With the obtained allowed ranges for pg and ¢g, we predict
the CP asymmetry parameter and the branching frac-
tion for B~ - K~ 6. The results are Aop(B~ — K 0) €
[-0.34,-0.11] and B(B~ — K~ 0) € [6.53,17.52] x 107°
when pg and ¢y vary in their allowed ranges, respectively.
In addition, we also calculate the localized CP asymmetry
Acp(B~ — K ntn~) only considering the [zz]|, [K7z]
resonances and nonresonance, respectively, in the same
region m%_ . < 15 GeV?and 0.08 < m2, _ < 0.66 GeV?.
The results are Aep(B™ = [Knt|ln - K ntn™) =
0.174 £ 0.025, Aep(B- > K [ntn | > K ntn™) =
0.509 £0.042 and Ap™(B~ - K ztz™) =0.061 +
0.0042, respectively. Therefore, the large localized CP
asymmetry in the B~ — K~z 7z~ is mainly induced by the
contributions from the [zz| channel resonances and the
contributions from [Kz] channel resonances and nonreso-
nance are very small.
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