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Abstract Within the QCD factorization approach, we
study the C P violations in B~ — K~ 7Tn~ and B~ —
K~ fo(500) decays. We find the experimental data of the
localized C P asymmetry in B~ — K~ mTm~ decays in
the region m%,n+ < 15 GeV? and 0.08 < mfﬁn, < 0.66
GeV? can be explained by the interference of two interme-
diate resonances, p°(770) and fy(500) when the parame-
ters in our interference model are in the allowed ranges,
i.e. the relative strong phase § € [2.124,5.976] and the
end-point divergence parameters ps € [5.692, 8] and ¢s €
[0, 2r]. With the obtained allowed ranges for pg and ¢g,
we obtain the predictions for the C P asymmetry param-
eter Acp € [—0.115, —0.151] and the branching fraction
B € [3.763,20.014] x 107 for B~ — K~ f5(500) decay
modes.

1 Introduction

Charge-Parity (C P) violation is essential to our understand-
ing of both particle physics and the evolution of the early
universe. It is one of the most fundamental and important
properties of weak interaction, and has gained extensive
attentions ever since its first discovery in 1964 [1]. In the
Standard Model (SM), C P violation is related to the weak
complex phase in the Cabibbo—Kobayashi—-Maskawa (CKM)
matrix, which describes the mixing of different generations of
quarks [2,3]. 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 phe-
nomenological models.
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In recent years, prompted by a large number of experi-
mental measurements, three-body hadronic B meson decays
have been studied by using different theoretical frameworks
[4-8]. Strong dynamics contained in three-body hadronic B
meson decays is much more complicated than that in two-
body cases, e.g. how to factorize B to three-body final states
matrix elements. Both BABAR [9] and Belle [10] Collab-
orations claimed evidence of partial rate asymmetries in the
channels B — p%(770)K* in the Dalitz plot analysis of
B~ — K~ w7~ .LHCb also observed the large C P asym-
metry in the localized region of the phase space [11,12],
Acp(K~ ™) = 0.678 £ 0.078 £ 0.0323 4 0.007, for

2+ < 15GeV? and 0.08 < m2, _ < 0.66 GeV?,
which spans the 77~ masses around the p°(770) res-
onance. Such three-body decays in this region have been
studied in Refs. [13,14] using a simple model based on the
framework of the factorization approach. The authors of Refs
[15,16] considered the possibility of obtaining a large local
C P violation in B~ — wtx =7~ decay from the interfer-
ence of the resonances p°(770) and f,(500). In principle, in
region of m%(,ﬂ < 15 GeV? and 0.08 < miJrn, < 0.66
GeV? for B~ — K 7~ decay should cover both 77 and
K 7 resonances, however, because of the narrow width of K*,
there will be weaker interference between K7 and wm sys-
tems compared with the interference between mw systems.
So in our work, we only consider the 7 system resonances,
such as the p0(770) and fp(500) resonances in the above
region.

In contrast to vector and tensor mesons, the identification
of scalar mesons is a long-standing puzzle, because some of
them have large decay widths which cause strong overlaps
between resonances and backgrounds in experiments [17].
Up to now, there have been some progresses in the study of
charmless hadronic B decays with scalar mesons in the final
states both experimentally and theoretically. On the experi-
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mental side, measurements of B decays to the scalar mesons
such as f(980), fo(1370), fo(1500), fo(1710), ap(980),
ao(1450), and K§(1430) have been reported by BABAR
and Belle Collaborations, but the decays to f,(500) have not
been reported and the C P violation and the branching frac-
tions have not been measured for such processes. So it is
important to predict the values of Acp (B~ — K~ f(500))
and B(B~ — K~ fp(500)). In spite of the striking success
of QCD theory, the underlying structure of the light scalar
mesons is still under controversy, scalar mesons have been
identified as ordinary a g g states, four-quark states, or meson-
meson bound states, or even those supplemented with a scalar
glueball, in our work we will follow the gg quark model
and consider the mixing between f,(500) and f;(980) [18].
However, this does not necessarily imply that other models
for fo(500) are ruled out.

Theoretically, to calculate the hadronic matrix elements of
B nonleptonic weak decays, some approaches, including the
naive factorization [19,20], the QCD factorization (QCDF)
[21-23], the perturbative QCD (pQCD) approach [24-26],
and the soft-collinear effective theory (SCET) [27,28], have
been fully developed and extensively employed in recent
years. Unfortunately, in the collinear factorization approx-
imation, 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 k7 and the Sudakov factor at the expense
of modeling the additional k7 dependence of meson wave
functions, and large complex annihilation corrections are pre-
sented. 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. Within the QCDF framework, to esti-
mate the annihilation amplitudes and regulate the endpoint
divergency, the logarithmically divergent integral is usually
parameterized in a model-independent manner and explicitly
expressed as fol ‘i{—x — X 4 which will be explained specifi-
cally in Sect. 2. In this work, within the framework of QCDF
[29,30], we will study the decays of B~ — K~ w7~ viathe
interference of p°(770) and f((500) and B~ — K~ fo(500).

The remainder of this paper is organized as follows. In
Sect. 2, we briefly present the formalism of the QCD factor-
ization approach. In Sect. 3, we present the formalisms for
CP violation of B~ — K~ fo(500) and B~ — K mw¥m~.
The numerical results are given in Sect. 4 and we summarize
our work in Sect 5.

2 QCD factorization

With the operator product expansion, the effective weak
Hamiltonian for B meson decays can be written as [31]
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Hefr = 7; > 24 (CleJrcfo

p=iu,c D=d,s
10

+> CiQi+Cry 07y + ngQ3g> +he., (1)

i=3

where G r represents the Fermi constant, AE,D) =V Vps
Vpp and V,p are the CKM matrix elements, C; (i =
1,2,...,10) are the Wilson coefficients, Qf , are the tree
level operators and Q3_1¢ are the penguin o’nes, and Q7
and Qg, are the electromagnetic and chromomagnetic dipole
operators, respectively. The explicit forms of the operators
Q; are [32]

OV = pyu(1 — ys)bDy" (1 — ys5)p,
0% = payu(l — y5)bgDgy* (1 — y5) pa,
Q3 =Dy, (1—ys)b Y _q'y"(1 —ys)d,

q
Q4= Doyl = y5)bp Y q'gv" (1 — y5)q),.
q/
Qs =Dy, (1—y5)b Y _q'y"(1 +5)q’,
q/
Q6 = Doyu(1 = y5)bg > q'gy" (1 + ¥5)q).
q/
3 _ -
Q7= 3 Dyu(1 = ys)b > egq'y (1 +y5)q. ()
q/
3 _ -
Q8 = EDO(VN-(I — J/S)blg Zeq’q/ﬂyﬂ(l + )/S)qt;,
q/
3 _ -
Qo = 5 Dyu(1 = ys)b > egq'y (1 —ys)q,
q/
3 - /
Qio = EDaVu(l — ys)bg Zeq/q gV (1 —¥5)qq,
q/
—e _
07, = mesaw(l + ys)F*'b,
—g
Ogg = g;mbso,w(l +y5)G"'b,

where « and B are color indices, ¢’ = u, d, s, ¢ or b quarks.

In dealing with the charmless B decay into two mesons
M and M>, the decay amplitude is usually divided into the
emission part and the annihilation part in terms of the struc-
tures of the topological diagrams. In the heavy quark limit,
the former part can be written as the product of the decay
constant and the form factor, while for the latter part, it is
always regarded as being power suppressed. With the stan-
dard procedure of the QCDF, the emission part of the decay
amplitude has the following form:
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2 p=u,c |
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where aip (u) are flavour parameters which can be expressed
in terms of the effective parameters alf’ , which can be calcu-
lated perturbatively, with the expressions given by [31]

p ,, Cini Cis1 Cras
a; (MiMz) = | C; + N;(M3) + Vi(M>)
N¢ N, 4rm
5 “
T
+— H,~<M1M2>}+P,"’<M2>,
.

where C/ are effective Wilson coefficients which are defined
as Ci(mp){(Qi(mp)) = C;{(Q;)""° with (Q;)'"*° being the
matrix element at the tree level, the upper (lower) signs apply
when i is odd (even), N; (M>) are leading-order coefficients,
Cr = (ch — 1)/2N,. with N, = 3, the quantities V;(M>)
account for one-loop vertex corrections, H; (M1 M) describe
hard spectator interactions with a hard gluon exchange
between the emitted meson and the spectator quark of the B
meson, and Pip (M1 M>) are from penguin contractions [31].
Similarly, weak annihilation contributions are described by
the terms b; and b; gw, which have the following expres-
sions:

Cr

by = N—gc;Af, by = N—Czc;Aq,

bl = % :CéA’i + Ch(AL+ AD) + Ncch{:,

by = % :CJ‘A"1 + chg}, 5)
by py = % _CéA’i +Ch(AL+ AD) + Ncchg‘_ ,

p =
bypw = N2

c L

oA+ cha],

where the subscripts 1, 2, 3 of Ai{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,
and the superscripts i and f refer to gluon emission from
the initial- and final-state quarks, respectively. The explicit
expressions for Ai,’f can be found in Ref. [31].

When dealing with the weak annihilation contributions
and the hard spectator contributions, one suffers from the
infrared endpoint singularity X = fol dx /(1 — x). The treat-
ment of the endpoint divergence is model dependent, and we
follow Ref. [22] to parameterize the endpoint divergence in
the annihilation and hard spectator diagrams as
xB20102 _ (1 . pg’ngE"‘f’/?,lH%) In 2B )
where 01 and O; denote species of mesons in the final
state including scalar (S), vector (V) and pseudoscalar (P)

mesons, Ay, is a typical scale of order 500 MeV, pgllg 2 is an

unknown real parameter, ¢f‘ ;1) Z is the free strong phase in

the range [0, 277]. In our work, we will use:

x0102

= (1 +p01026i¢0102>ln Ly @
Ap

B— 010,
XA,H

In fact, the QCDF approach itself cannot give information or
constraints on the phenomenological parameters p?1?2 and
#9192 both of them should be fixed by experimental data
such as branching fractions and CP asymmetries.

3 Calculation of CP violation
3.1 CP violation formalism for B~ — K wtx~

In this section, we will consider a B meson three-body decay
process, B — MM, M3, where M; (i = 1,2,3) are light
mesons. There are two resonaces, X and Y, appearing during
this process: B — X (Y)M3, then both X and Y decay to
M M;. The amplitude for B — X(Y)M3 — M{M>M3
around the X and Y resonance region can be expressed as
[15]

M = My + Myé'®, (®)

where § is a relative strong phase, My and My are the
amplitudes for B - XM3 — MMMz and B — Y M3 —
M1 M> M3, respectively.

For the specific process B~ — K ~mwTx~ in the region
m. . < 15GeV? and 0.08 < m%. _ < 0.66 GeV?,
p%(770) and fo(500) are the dominate resonances. We will
adopt the naive Breit-Wigner form for p°(770) with the
pole mass m 0779y = 0.775GeV and the width T 0779y =
0.149GeV [17], but for the f,(500) meson we will use the
Bugg model [33-35] with the pole mass m £, (s00) = 0.5GeV
and the width I" 5,500y = 0.5GeV, M 0770y and M g;(s00)
take the following form:

(POTTOK ™ [Hepp| BTN 1™ IH 0 (770) 0+~ 120 (770))
Mp0(770) = 5o ,
p2(770)

9
M 500) = (f0(S00)K ™ [ Hep|B™ )T ™ | H fyre|

J0(500)) R £, (500) (5)- (10)

In Eq. (9), S,0(770) is the reciprocal of the propaga-
tor of p°(770) which takes the form s — mio (770) +
im 40770\ 40(770)» Where s is the invariant mass squared of
mesons 7+ and 7~ and T po & T yo_, 745

@ Springer
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In Eq. (10), the parameterization of f(500) in the Bugg
model [33-35] is given by

Rioson) () = MT16)/IM? — 5 = g1(6) 3 —2(6)

— iMT o (5)],

Y

where z(s) = ji(s) — ji(M?) with ji(s) = %[2 +
01 ln(%)], Ciot(s) = Z?:l I'; (s) and other relevant func-

tions are giving in the following:

MTy(s) = g%(s);l{—_s’;m(s),
MT(s) = 0.6g7 (s)(s/M*)exp(—als — 4m¥|)p2(s).
MT3(s) = 0.2g7 (s)(s/MD)exp(=als — 4myDps(s), (12)
MT4(s) = Mgaz par (5)/ paz (M?),
g1(s) = M(b1 + bys)exp[—(s — M?)/Al,
P4z (s) = 1.0/[1 4 exp(7.082 — 2.8455)].

For the parameters in Egs. (11,12), they are fixed to M =
0.953GeV, s4 = 0.14m2, b; = 1.302GeV?2, b*> = 0.340,
A = 2.426GeV? and g4, = 0.011 GeV which are given in
the fourth column of Table I in Ref. [33]. The parameters
p1.2,3 are the phase-space factors of the decay channels 7,
K K and nn, respectively, and are defined as [33]

2
pi(s) =1 — 470, (13)
S

withmy = my, my = mg and m3 = my,.

The effective Hamiltonians for strong processes
p%(770) — wtn~ and fo(500) — 77~ in Egs. (9,10)
can be formally expressed as

— 0+ n_—
Hponn = —i8p0xx Py " 0 P,

(14)
H fywr = & foren foQr ™ + 1070,

where pg, fo and 7F are the field operators for p0(770),
f0(500) and 7 mesons, respectively, g,0,, and g~ are
the effective coupling constants which can be expressed in
terms of the decay widths of p* — 7¥7~and fy — 7 tn—,
respectively,

2 48 Fpo_)n-Jr]-[*
= X s
gpom'r P 3/2 mp
1 - s
15)
2 _ 4]TmAfOFf0_)j-[+ﬂf
gf()T[JT -, 12

( 4m,2,>1/2
-5
mf()

Both p°(770) and f,(500) decay into one pion pair domi-
nantly through the strong interaction, and the isospin sym-
metry of the strong interaction tellsus that I' jo ~ T jo_, 7+~

and I' ;) = %Ffo_”-ﬁrnf.

@ Springer

The differential C P asymmetry parameter can be defined
as

M =M
M2+ | M
By integrating the denominator and numerator of Acp in the
region R, we get the localized integrated C P asymmetry,
which can be measured in experiments and takes the follow-
ing form:
Ak Jrdsndsi(MP — 1M
C — = ’
P edsindsis(IMP + IMP)

Acp (16)

a7

where R represents certain region of the phase space, in our

work R includes m2__, < 15GeV? and 0.08 < m2, _ <
K—n rtm

0.66GeV? in B~ — K~ w7~ decay.

3.2 Calculation of amplitudes of
B~ — p°(770)(fo(S00)K~ — nwtm~ K~

In the QCDF, including the emission and annihilation con-
tributions, the decay amplitudes of B~ — p°(770)K ~ and
B~ — fp(500)K ™ can be finally given as
M(B~ = p*(770)K ™)

= (p°(TT0)K ™~ [Hess|B7)

—iG )
= Z ,\ﬁ)%{[m(pk)spu + ol (pK) +aiEW(pK):|
p=u,c

. ; (18)
xm AP O) i + [@2(Ko)spu + 505 1y (Kp)|

xmyFL7l 0 f,

+ [B200K)8pu + BE (KD + Ly (0K fopr},

for B~ — p%(770)K —, and

M(B™ — fo(500)K™)
= (fo(500)K ™ [Hef|B™)
G
-y A;”TF{ o1 (F KD+ @ (FK) + a1y (FK) |
p=u,c

x (my —mp) Fy (i) fi
1
+ [ 02 (K )8+ 203 (K f) + 30 1y (K )]
X (my = mi) Fy X om ) f ooy
1
+ [fzag’(Kf) +2al (Kf) — ﬁagEW(K.f) (19)
1

~ 5w (K1)

x (% = i) FE X %) F 500, — [20/ K)Spu
+ Y FK) + 0y (KO

X 8. fi Fiyison, = V2| b2(K D)8 + BECK ) + by (K1)

x foKf;o(SOO)}’
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for B~ — fo(500)K ™, where p and f are the abbrevia-
tions for p°(770) and fo(500), respectively, Ag —M (0) and
Ff’E)MZ (qz) are form factors for B to M| and M, transi-
tions, fx, f, and fp are decay constants of K, p and B
mesons, respectively, f}‘o(SOO) and f}o(mo) are decay con-
stants of f(p(500) coming from the up and strange quark
components, respectively.

From Eq. (14), we can obtain the amplitudes for p°(770)
— ™ and fo(500) — 7 as

M(PP(T70) — 7 7) = (T 7T [ H j0,,10°(770))

= Bpnta—€p0 - (Pn- = Pr+), (20)
M(fo(500) = 7+ 77) = (277 [ H fymn| f0(500)) = 28 fymt -

where ¢ o is the polarization vector of p°(770), py+ and p, -
are the momenta of 7 and 7 ~, respectively.

Considering the total processes, one can get

MB™ = 27710k~ > at7"K7)

=2

p=u,c

7IGngﬂ+ﬂ $kn — Skx)
g g
0(770)

x { AGTPO) i [ (0K +f (0K) +af (oK) (21

3
+ Ff_ﬂ((o)fp |:0‘2(KP)5pu + Eag,EW(Kp)]

+ fong

- (520K + 65 (oK) + 8 oy (00| }
B

for the B~ — p%(770)K~ — ntm~ K~ decay mode,
where Sk is the midpoint of the allowed range of sg—,+,
ie. Skx = (Sk—n+.max T SK—x+min)/2, With Sg—7+ max
and Sk -+ min being the maximum and minimum values of

Sg—n+ for fixed sy ;.
For the B~ — f(500)K~ — n+m~ K~ decay modes.

M(B™ = fo(500)K~ — ntn"K™)

Grgin+
Z)»m Sff(iﬂ()oj {(mirfm%g)FoBﬁf(m%()
p=u,c

X fi [Bpuct (FK) + &} (FK) +af gy (FK) ]
— f I Fysoo) [3pub2 (P KO + B2 (TK) + b4y (FK) |
+ (my = mg) FS K m) ff s00) (22)
x [spm(Kf) + 200 (Kf) + %ag EW(Kf)]
+ (m} — m%)Ff%K(mz/')f}‘{,(som
[fag’(Kf)Jrfaf(Kf)

1
—= o g (Kf) — «xf,EW(Kf)]

NG 7
- foKf;O(soo) [\/E‘SpubZ(Kf) + \/ibél(Kf) + \/Ebg,EW(Kf)] }

The amplitude for B~ — K ~mTm~ around the f;(500)
and p°(770) resonance region can be expressed as

M=MB = fo5000K~ = a7 K")
+ M(B™ = p°(T70)K~ — o~ K )e'®

-y X<Y>GF8fn+n {(mz
e S10(500) !

+af (FK) + 0 1y (FK)]
— f fx Fiysoo) [Spub2(FK) + BECFK) 4B 1y (KO

- fB fK f_;ﬁ(SOO) [“/Eapub2(Kf) + ﬁbg(Kf)

—mp)FL 7 0) i [8puet (FK)

+V268 oy (K1)

+ (my — mi)FE KO £ s00) [Spucra (K f) + 20 (K f)

1

+ (= mR)FE R (O) Fyso0) [ V200 (K F) + V2 (K )

L » L »
_EQ&EW(K}C) - ﬁ%,Ew(Kf)

lGFg + ~ —
+ YA T (g —sKn>{A§ (0) fx

e S,50(770)

x [@1(p Ky +f (0K) +f (0K

3
+ FOBHK(O)fp |:052(KP)5pu + EO’;EW(K'O)]

+ fong
mp

(5200 K8 + B (0K) + b5 13y (0K }e’“,

where § € [0, 2z ]. Substituting Eq. (23) into Eq. (17) and
taking the integral region R as m%(,ﬂJr < 15 GeV? and
0.08 < mjzﬁn, < 0.66 GeV?, we can get the expression
of the localized Acp(B — K w7 ~), which is a function

of X (ps, ¢s) and §.

3.3 Calculation of differential C P violation and branching
fraction of B~ — K~ f(500)

Using Eq. (16), the differential C P asymmetry parameter of
B — M M5 can be expressed as

Acp(B — MiM>)
_IM(B > M{M)|> — |M(B — M M)|*
IM(B — MiM>)|2 + |M(B — MiM>)>

(24)

The branching fraction of B — M| M; decay has the follow-
ing form:

[Pl

: MMy))?, (25)

B(B — M M) = o IM(B —

where tp is the lifetime of B meson, mpg is the mass of B
meson, |p.| is the norm of a hadron’s three momentum in the
final state which can be expressed as

@ Springer
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1
Ipel = %/ [m2, — Ongy + mag)2lm — (mag, — may)?),

(26)

where m yy, and m y, are the two final state mesons’ masses,

respectively.
Substituting the amplitude of B~ — K~ fo(500),

M(B™ = fo(500)K™)
= (fo(S00)K™ [Herr|B™)
G
=> A;ﬂTF{ [al(fK)é,m +al (fK) +af EW(fK)]
p=u,c

x (m% —my) Fy k) fi

1
[0 (K18 + 203K ) + Sad g (K]

X (mB - mK)FoB%K(mif) TF}‘O(soo)

1 J
+ [V2d (k) + V2 (K )~ = (K]

5%, EW(Kf) NG

fz

X (m% - m%()F(fg_)K(m%)fT;O(SO())
— [B2(F KO8 + B () + 88 1 (15O

X i Fiyison, = V2| B2(K8pu + BL (K F) + B gy (K]

x fBfk .f%@oo) },

into Eq. (24) we can get the expression of Acp(B~ —
K~ f0(500)). Substituting Egs. (19) and (26) into Eq. (25),
one can obtain the branching fraction of B~ — K~ f,(500).
Both of them are functions of X (pgs, ¢s).

4 Numerical results

The expressions for Acp(B~ — K~ ntmw ™), Acp(B™ —
K~ f0(500)) and B(B~ — K~ fp(500)) obtained in the
QCD factorization approach depend on many input parame-
ters including CKM matrix elements, effective Wilson coef-
ficients, light-cone distribution amplitudes of mesons, form
factors and decay constants. CKM matrix elements can be
expressed in the terms of Wolfenstein parameters A, A, p
and 5. In our work, we take values A = 0.8111’8:8%2, A=
0.2254+0.00061, p = 0.11740.021, and = 0.353£0.013
with 5 = p(1 — 4,77 = n(1 — &) [17]. The effective Wil-
son coefficients used in our calculations are taken from Ref.
[36]:

C = —0.3125, )= —1.1502,

Cy =2.120 x 1072 +5.174 x 1073
C) = —4.869 x 1072 — 1.552 x 1072
CL=1.420 x 1072 45.174 x 1073

Ch=—5792x 1072 — 1.552 x 1072 (27)
Ch = —8.340 x 107> —9.938 x 107>

Cy =3.839 x 1074,

Cy=—1.017 x 1072 - 9.938 x 107>

@ Springer

Clo = 1.959 x 1073,

The twist-2 light-cone distribution amplitudes (LCDA) for
the pseudoscalar (P) and vector (V') mesons are

o0
Opy(x. 1) = 6x(x — 1) [1 + ) e ca* x - 1)} ,

m=1

(28)
and twist-3 ones are

D,x) =1, Pp(x)=06x(x—1), (29)
@, (x) =3 |:2x — 14+ Y oy (W) Pu1(2x — 1)} . (30)

m=1

where C ,3,,/ % and P, are the Gegenbauer and Legendre poly-
nomials, respectively, am (/L) and am | () are Gegen-
bauer moments which depend on the scale ©. The Gegen-
bauer moments of K and p are af( = 0.06 £ 0.03, af =
0.25 £ 0.15, and ozf =0, aé’ = 0.14 £ 0.06, af’l =0,
and af . = 0.15 £ 0.07 [37], respectively, at the scale
w=1GeV.

In general, the twist-2 LCDA of a scalar meson, ®g, has
the following form [18]:

Os(x, 1) = fs6x(x = 1) Y Bu(w)Cof > 2x — 1),

m=1

€1V

where fs are the decay constants of the scalar meson S, By,
are Gegenbauer moments. Based on the QCD sum rule meth-
ods [38,39] and the effect of the width of I 1‘0(500), one can
Ffo( 00)

set m f£,(s00) — <mg < m £,(500) —I— 300) roughly.
Then we derive the decay constants f 10(500) (q = u,s)
with the fo(980)-fo(500) mixing angle 6 = 17° [29]:
ff (500) = = (0.4829 + 0.14) GeV and f (500) = ( 0.21 +
0.10) GeV, BY = —0.42 4+ 0.074, Bé‘ = —058 + 0.23,

= —0.35 £ 0.061, and B§ = —0.43 £ 0.18 at the scale
n=1GeV.

As for the twist-3 distribution amplitudes, we use [18]

DY(x) = fs, PF(x) = fsbx(x —1). (32)

For the form factors of mesons, we neglect corrections
quadratic in the light meson masses and we adopt the val-
ues at q2 = 0 in Ref. [31] (At this kinematic point, the
form factors F, and F coincide.), Ag_)p(O) = 0.303 +
0.029, FE~X©0) = F~X(0) = 0.35 £ 0.04 [37] and
FOBHf(m%{) ~ 0.45 £ 0.15 [40]. The decay constants
used in our calculations are fx = 0.156 £ 0.7GeV [17],
fp =0.216 £0.003 GeV, and fp = 0.21 £ 0.02GeV [37].

A general fit of p and ¢ tothe B — VP and B — PV
data indicates X*V % XVF ie. pV = 0.87, pVP ~ 1.07,
¢"F ~ —30° and ¢V ~ —70°, we shall assign an error of
+0.1to pVVP) and +20° to ¢V VP) for the estimation
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of theoretical uncertainties [37]. On the other hand, for B —
P S and B — SP decays, there is little experimental data so
the values of pg and ¢ are not determined very well, to make
an estimation about Acp (B~ — K~ fp(500)) and B(B~ —
K~ £5(500)), we adopt XS = X5P = (1 4+ pge'®s)In RE.

With all the above considerations, we only have three
free parameters, which are the relative strong phase &,
and the divergence parameters ps and ¢g for Acp(B~ —
K~ p"(770)(f5(500)) — K~ 7+ 7 ™). By fitting the theoret-
ical result to the experimental data Acp(B~ — K ntmw™)
= 0.678£0.078+0.03234+0.007 intheregionm%_ﬂ <15
GeV? and 0.08 < mi+n, < 0.66 GeV?, in the range
6 € [0,2r], ¢s € [0,2m], ps € [0, 8] [41,42] and vary-
ing each of these three parameters by 0.01 each time, i.e.
AS§ = 0.01, Aps = 0.01 and A¢s = 0.01, it is found that
there exist ranges of parameters §, ps and ¢g which sat-
isfy the above experimental data. The allowed ranges are
8 € [2.124,5.976], ps € [5.692,8] and ¢s € [0,2x].
Therefore, the interference of ,00(770) and fp(500) can
indeed induce the data for the localized C P asymmetry
in the B~ — K mtm™ decays. It is noted that the val-
ues of ps € [5.692, 8] are relative larger compared with
the previously conservative choice of p < 1 [31,32]. In
fact, both the hard spectator-scattering and weak annihila-
tion contributions involve end-point divergences. For exam-
ple, the hard spectator-scattering diagram at the twist-3 order
posses soft and collinear divergences arising from the soft
spectator quark and the annihilation amplitude has endpoint
divergences even at the twist-2 level. Note that, we use the
Xgloz = Xgl 9 for the B — SP(PS) decay when deal-
ing with the end-point divergences. When we get the large
values of pg, it means that not only the weak annihilation con-
tributions but also the hard spectator-scattering ones become
large, so it is still meaningful to do power expansions in
1/myp and QCDF would not break down. Besides, although
the weak annihilation amplitudes are formally 1/m; power-
suppressed, they are generally nontrivial, especially for the
flavor-changing neutral-current dominated and pure annihi-
lation decays. Furthermore, because of the possible strong
phase provided by the weak annihilation amplitudes, the
weak annihilation contributions also play an indispensable
role for evaluating the charge-parity asymmetry. So far, the
values of p and ¢ are utterly unknown from the first princi-
ples of QCD dynamics. Originally, a conservative choice of
p < 1 with an arbitrary strong interaction phase ¢ was used.
However, QCDF itself cannot give information and con-
straint on parameters p and it can only be obtained through
the experimental data, hence there is no reason to restrict
p to the range p < 1 [37,43-45], thus larger values of pg
might be possible when we deal with the divergence prob-
lems for B — SP(PS) decays. In this region of pg, one
can see that both the weak annihilation and the hard spec-

— 0.15

0.10

¢s

-0.05

-0.10

6.0 6.5 7.0 7.5 8.0

Ps

Fig. 1 Numerical results of Acp(B~ — fp(500)K ™) as functions of
ps and ¢s

6»
5f <
— 0.00020
4+ -
0.00016
w 3»
< 0.00012
ol 0.00008
0.00004
1k
Ot n n n n f
6.0 6.5 7.0 75 8.0
Ps

Fig. 2 Numerical results of B(B~ — f,(500)K ™) as functions of pg
and ¢g

tator scattering processes can make large contributions to
B~ — K~ fo(500) decays.

In the obtained allowed ranges for ps and ¢g, i.e. ps €
[5.692, 8] and ¢5 € [0, 2], we calculate the C P asymmetry
parameter and the branching fraction for B~ — K~ f(500)
decay modes using Eqgs. (24), (19), (25) and (26). The results
are plotted in Figs. 1 and 2 as functions of pg and ¢g. From
these two figures and our calculated data, we obtain the pre-
dictions Acp(B™ — K~ fp(500)) € [-0.115, —0.151] and
B(B~ — K~ f5(500)) € [3.763,20.014] x 107> when pg
and ¢y vary in their allowed ranges.

5 Summary

In this work, within the QCD factorization approach, we
study the localized C P violationin B~ — K~z V7~ decays

@ Springer
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in the region m%(_ﬂ+ < 15GeV?and0.08 < mjzr+ﬂ_ < 0.66
GeV? by including the interference of ,00(770) and f(500).
By fitting the experimental data of Acp (B~ — K~ ntn ™)
in this region, we find that such localized C P asymme-
try can be indeed induced by the interference of p°(770)
and fo(500) when § € [2.124,5.976], ¢s € [0,27] and
ps € [5.692, 8]. Both the hard spectator-scattering and the
weak annihilation amplitudes have endpoint divergences.
When we get the large values of p, it means that both the
weak annihilation and hard spectator-scattering contribu-
tions become large, thus 1/m; power expansions are still
meaningful and QCDF would not break down. Further-
more, although the weak annihilation amplitudes are for-
mally 1/m; power-suppressed, they are generally nontriv-
ial, especially for the flavor-changing neutral-current dom-
inated and pure annihilation decays. In fact, recent experi-
mental data require the large value of p to be consistent with
theoretical results. This implies that p may be much larger
than 1, thus larger values of pg are acceptable while deal-
ing with the divergence problems for B — SP(PS) decays.
The large values of pg indicate that the weak annihilation
and the hard spectator scattering processes can make large
contributions to B~ — K~ fy(500) decays and we should
take more efforts to investigate these contributions in B non-
leptonic weak decays. With the obtained allowed ranges for
ps and ¢g, we predict the CP asymmetry parameter and
the branching fraction for B~ — K~ f(500) decay modes.
We find Acp(B~™ — K~ fo(500)) € [-0.115, —0.151] and
B(B~ — K~ fp(500)) € [3.763,20.014] x 107 in the
allowed ranges of ¢g and pgs. These predictions can hope-
fully be tested in future experiments. In our analysis, the
uncertainties coming from the CKM matrix elements, form
factors, decay constants, s quark masses and Gegenbauer
moments are all considered.
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