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Branching ratios and CP asymmetries in charmless
nonleptonic B decays to radially excited mesons

G. Calder6n™

Facultad de Ingenieria Mecdnica y Eléctrica, Universidad Autonoma de Coahuila, C.P. 27000, Torreon, Coahuila, México
(Received 23 March 2010; published 15 November 2012)

Nonleptonic two-body B decays including radially excited 7(1300) or p(1450) mesons in the final state
are studied using the framework of a generalized naive factorization approach. Branching ratios and CP
asymmetries of B — P7(1300), B — V7(1300), B — Pp(1450) and B — Vp(1450) decays are calcu-
lated, where P and V stand for pseudoscalar and vector charmless mesons. Form factors for B — 7(1300)
and B — p(1450) transitions are estimated in the improved version of the Isgur-Scora-Grinstein-Wise
quark model. In some processes, CP asymmetries of more than 10% and branching ratios of 10~ order

are found, which could be reached in experiments.
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I. INTRODUCTION

Most of the research on nonleptonic two-body B decays
have concentrated in processes where the final mesons are
ground states or angular orbital excitations [1]. Radial
excitations can be produced in B decays. Decays involving
radially excited mesons could be an alternative to those
more traditionally studied, given additional and comple-
mentary information.

The physics involved in nonleptonic two-body B decays
allows us to study the interplay of QCD and electroweak
interactions, to search for CP violation, and overconstrain
Cabbibo-Kobayashi-Maskawa (CKM) parameters in a pre-
cision test of the standard model [1,2].

In the quark model, mesons are ¢g’ bound states of
quark g and antiquark g’. The gg’ state has an orbital
angular momentum / and spin J. Pseudoscalar and vector
mesons have orbital angular momentum [ = 0. The an-
gular orbital excitations: scalar, axial vector and tensor
mesons have [ = 1. Mesons can be classified in spec-
troscopy notation by n**1/,, where s =0 or 1 for
parallel or antiparallel quarks g and g’, respectively.
Radial excitations are denoted by the principal quantum
number n.

The radial excitations 77(1300) and p(1450), with prin-
cipal quantum number n = 2, u and d quark content, can
be produced in nonleptonic two-body B decays. In spec-
troscopy notation, 77(1300) is denoted by 2' S, and p(1450)
by 23S,. To simplify, we denote 7(1300) by 7' and
p(1450) by p’.

In Ref. [3], the authors interested in factorization-
breaking effects in B decays consider B decays to final
states with small decay constants, such as B — D* 7/~
and B® — D** 77/~ decays.

Production of charmless radially excited vector mesons
in nonleptonic two-body B decays is considered in
Ref. [4]. The authors make a prediction for the ratio
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Br(B — p'm)/Br(B — par). This ratio is given in terms
of the form factor A, which is calculated in a constituent
quark model [4]. We compare our calculations with their
result and experimental data available.

In this paper, we present a study on the exclusive modes
B— Pw',B— Va',B— Pp'and B— Vp', where P and
V are the pseudoscalar and vector mesons, 7, 17, i’ and K
and p, w, K* and ¢, respectively. We compute branching
ratios of these processes using the effective weak
Hamiltonian, with tree and penguin contributions. Matrix
elements are calculated in the generalized naive factoriza-
tion approach [5,6]. The form factors for B — P and
B — V transitions are calculated in the Bauer-
Stech-Wirbel (WSB) model [7] and light-cone sum rule
(LCSR) approach [8]. Form factors for B — 77/ and B—
p' transitions are calculated in the improved version of the
Isgur-Scora-Grinstein-Wise (ISGW) quark model, called
ISGW2 model [9,10].

We also calculate CP-violating asymmetries in the frame-
work of generalized naive factorization approach [11].
CP asymmetries allow us to determine interior angles of
the unitary triangle and test the unitarity of the CKM matrix.
Specifically, in this work, we calculate direct CP violation
for charged B* decays and CP asymmetries for neutral
B%(B®) decays. For some channels, asymmetries of order
10% are found.

In general, we use the method and formulas developed
in Refs. [5,6,11], to estimate branching ratios and CP-
violating asymmetries. We make the respective changes
in the processes studied in this work, i.e., masses, decay
constants and form factors.

The decay constants f, and f, are not well-determined
input parameters. The range of values for the f, decay
constant obtained from different methods and its impact in
channels B — P7' and B — V7’ is discussed in this work.
Some branching ratios are sensitive to the decay constants
fw and f,. This fact will allow us to determine decay
constants by experiment in cases where branching ratios
are measured.
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This paper is organized as follows. In Sec. II, we present
the framework used to calculate branching ratios of non-
leptonic two-body B decays, the effective Hamiltonian and
the generalized naive factorization approach. Input pa-
rameters, mixing schemes, decay constants and form fac-
tors are discussed in Sec. III. In Sec. IV, we discuss the
amplitudes involving radially excited mesons and calculate
numerical results for branching ratios. CP-violating asym-
metries for charged and neutral channels are presented
in Sec. V. Our conclusions are given in Sec. VI. In the
appendixes, we give the amplitudes for B — P#/, V&,
Pp' and Vp' processes, which are taken from the appen-
dixes in Refs. [5,6], without considering annihilation and
interchange contributions, with the appropriate changes in
the processes calculated in this work.

II. FRAMEWORK

A. Effective Hamiltonian

The framework to study B decays is the effective weak
Hamiltonian [12]. For AB = 1 transitions, it is written as

Har = ZE[ 3 ViV (€m0} + Cx(w)0310)

=y
- Vszfq(i Ci(M)Oi(M))] + H.c., (1)

where G is the Fermi constant, C;(u) are Wilson coef-
ficients at the renormalization scale w, O;(u) are local
operators and V;; are the respective CKM matrix elements
involved in the transitions. The local operators for b — ¢
transitions are

Of = Goy*Lu, - iigy,Lbg
O} = Guy*Lug - iigy,Lb,

03(5) = Qayﬂl‘ba ' ZQQ}’)/,U.L(R)QZB
q’

Oue) = Ga¥*Lbg * > G5y, L(R)q,
ql

Gu¥"Lb, Y eyl R(L)ql
q/

Gu¥"Lbg Y eyqlsyy, R(L)q,,
q/

2)

079 =

08(10) =

N W N W

where ¢ =d or s, O] and O} are the current-current
operators (j = u, ¢), O3 — Qg the QCD penguins operators
and Q7-Q;o the electroweak penguins operators. The
indexes « and B mean SU(3) color degrees, L and R are
the left and right projector operators, respectively. The sum
extends over active quarks u, d, s and c at the scale of B
meson u = O(my).

In order to calculate the branching ratios and CP asym-
metries in this work, we use the next to leading order
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Wilson coefficients for AB = 1 transitions obtained in
the naive dimensional regularization scheme (NDR) at the

energy scale u = my,(m,), /\% = 225 MeV and quark top

mass m, = 170 GeV. These coefficients are taken from
Ref. [12], see Table 22. Those values are c¢; = 1.082,
¢y = —0.185, ¢3=0.014, ¢, = —0.035, c5=10.009,
ce = —0.041, c7/a = —0.002, cz/a = 0.054, cy/a =
—1.292 and ¢;y/a = 0.263, where a = 1/137 is the fine
structure constant.

B. Generalized naive factorization approach

The decay amplitude of a nonleptonic two-body B decay
can be calculated using the effective weak Hamiltonian by

M(B — M M,) = (M M,|H_|B)
10
= % D CiluX0i(w)),  3)
i=1

where the hadronic matrix elements (O;(u)) are defined by
(M M,10;(n)|B) and M; are final state mesons. In the
naive factorization hypothesis, hadronic matrix elements
(0;(w)) are evaluated by the product of decay constants
and form factors. These matrix elements are energy u scale
and renormalization scheme independent; consequently,
there is no term to cancel the energy w dependency in
the Wilson coefficients, and the amplitudes for nonleptonic
two-body B decays are scale and renormalization scheme
dependent.

The improved naive factorization approach [5,6] is for-
mulated to solve the problem of energy scale dependency
by including some perturbative QCD contributions in
Wilson coefficients. This is considered in order to isolate
the energy u dependency from the matrix element (O;(u))
and join it with the Wilson coefficients to produce effective
Wilson coefficients ¢, which are scale u independent.
Schematically,

ZQ(P«)(OI‘(M» = Zci(ﬂ)gi(ﬂxoz‘)tree

= ZC?ff<0i>tree’ (4)

where g;(u) are perturbative QCD corrections to Wilson
coefficients and (O;).. are tree-level hadronic matrix ele-
ments. Explicit expressions for the effective Wilson coef-
ficients ¢S are given in Refs. [6]. These coefficients are
recalculated with the current CKM parameters [13].
Effective Wilson coefficients, for transitions b — d and
b — s, are shown in Table I. They are evaluated at the
factorizable scale u = m,, with an averaged momentum
transfer of k> = m3/2 and using the central values for
CKM parameters from Ref. [13].

In the factorizable decay amplitude, the effective Wilson
coefficients appear as linear combinations. Thus, to sim-
plify decay amplitudes, a; coefficients are introduced
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TABLE 1. Effective Wilson coefficients ¢¢ for b — d and
b — s transitions. Evaluated at ., = m,, and k> = mj /2, where

the central values for Wolfenstein parameters A = 0.2253,
A = 0.808, p = 0.132 and 0 = 0.341 are used, see Ref. [13].

ot b—d b—s
cstf 1.1680 1.1680
cgff —0.3652 —0.3652
cgff 0.0226 + 10.0041 0.0227 + 10.0044
cgff —0.0461 —10.0122 —0.0464 —1i0.0133
ceft 0.0133 + i0.0041 0.0134 + i0.0044
ceff —0.0483 — i0.0122 —0.0486 — 0.0133
&/ —0.0264 — i0.0343 —0.0270 — i0.0365
cgff/a 0.0551 0.0551
s/ a —1.4229 — i0.0343 —1.4235 —i0.0365
&/ a 0.4804 0.4804
— _eff 1 eff ] —
a; = ¢ —i-N—ciJrl i = odd),
1C )
a; = &+ ﬁcf{fl i = even),
C
where index i runs over 1,..., 10, and N, = 3 is the color

number of QCD. Effective coefficients a; for b — d and
b — s transitions are shown in Table II.

The improved naive factorization approach contains
various sources of theoretical uncertainties, i.e., renormal-
ization scheme dependence, 1/N value, and k> depen-
dence, which we discuss in the following.

The Wilson coefficients depend on renormalization
energy scale wu, though improved naive factorization was
built to resolve this problem. In addition, Wilson coeffi-
cients at next leading order also depend on the renormal-
ization scheme; see Ref. [12] where an analysis is
presented for naive dimensional regularization (NDR)
and 't Hooft Veltman (HV) schemes. Thus, we have a
dependency on the renormalization scheme used in the
calculation of effective Wilson coefficients ¢¢". The had-
ronic matrix elements do no have terms to cancel this
dependency in the physical amplitude. In this work, we

TABLE II. Effective coefficients a; for b—d and b— s
transitions (in units of 107 for as, .. ., a;o).

a; b—d b—s

a; 1.046 1.046

a, 0.024 0.024

as 72 72

ay —386 —i108 —388 —ill8
as —28 —28

ag —438 — 1108 —441 —il118
a; —0.59 —i2.50 —0.63 — i2.66
ag 3.38 —10.83 3.36 —i0.89

ag —92.2 —i2.50 —92.2 —i2.66
a 0.44 —10.83 0.43 —10.89
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use the next-to-leading order Wilson coefficients, obtained
in the naive dimensional regularization scheme at the
energy scale u = my,(my,).

In the naive generalized factorization approach, the
parameter 1/N. is considered as a phenomenological
parameter, which includes nonfactorization effects and it
is varied to model the nonfactorization contributions in
matrix elements. Although N° is scale energy w and
renormalization scheme independent, it is a gauge and
infrared regulator dependent quantity, see Ref. [14].
Thus, we consider N the parameter defined and fixed to
N¢ =3 in QCD.

The effective coefficients ¢ depend on an averaged
momentum transfer k%. In a specific model and from two-
body decays, kinematics has been estimated to lie in the
range m3 /4 < k* < m3/2. It is found that the CP average
branching ratios are not sensibly dependent on if k2 is
varied, see Refs. [5,6].

III1. INPUT PARAMETERS AND FORM FACTORS

A. Input parameters

The CKM matrix is parametrized
Wolfenstein parameters A, A, p and 7 [15],

in terms of

1-1x2 A AN (p — i7)
-2 1 -1 AA? , (6)
AN —p—if) —AI? 1

with p = p(1 — A%?/2) and % = n(1 — A?/2), including
O(MN>) corrections [16]. The Wolfenstein parameters are
determined by unitarity constraint of three family of quarks
and a global fit to experimental data. The central values
A =0.2253, A =0.808, p = 0.132, and 5 = 0.341 are
used in calculations, see Ref. [13].

Running quark masses enter in loop calculation of ef-
fective Wilson coefficients. Furthermore, they are present
in the equation of motion necessary to calculate the chiral
factor, which multiplies the matrix elements of penguin
terms a¢ and ag in the effective weak Hamiltonian. These
contributions are only present in the processes involving
pseudoscalar mesons 7, 17, i’, K and 77/ in final states.

Since the energy release in B decay is of order m,, the
scale energy for evaluation of running quark masses should
be w = m,. The values m,(m,) = 3.2 MeV, m (mb) =
6.4 MeV, my(m;) = 127 MeV, m.(m;) = 0.95 GeV and
my(m,) = 4.34 GeV are used in calculations, see
Ref. [17].

The decay constants of pseudoscalar and vector mesons
are determined using branching ratio of mesons and 7
semileptonic decays, respectively. The central values,
fz=130, fx =160, f, =212, f, =195, fg =221
and f4 =237 MeV are extracted using experimental
data, see Ref. [13].
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In Ref. [18] is presented the argument that decay
constants of radial excited pseudoscalar mesons are sup-
pressed relative to the pion decay constant. Decay constant
f» computed in models has also been found to be small,
see Ref. [19]. In unquenched lattice QCD [19], the ratio
fw/f+=0.078(93) is calculated. Using f, = 131 MeV,
the value of decay constant f_ = 16.3 £ 6.1 MeV is
obtained. From the experimental bound on branching ratio
Br(r — 7'v.) [20] is established a bound in the decay
constant, f_ <84 MeV [3]. In Ref. [21], the authors
obtain f, =26 MeV and f, = 128 MeV, using a light
cone quark model. Recently, in the large-N,. limit and using
QCD spectral sum rules in Ref. [22], the authors estimate
the decay constant f,, = 182 £ 5 MeV.

In order to calculate branching ratios and CP asymme-
tries for channels B — P#’ and B — V&', two values of
decay constant are used f,» = 0 and 26 MeV, which are the
minimum and maximum in the range of values obtained by
different methods. For channels B — Pp’ and B — Vp',
the decay constant f, = 128 MeV is used to calculate
branching ratios and CP asymmetries.

The mixing of the n — 1/, p° — w and @ — ¢ systems
are considered by mixing in decay constants and form
factors. Ideal mixing is considered for w — ¢, i.e., the
mesons have quark content = 1/+/2(uii+dd) and
¢ = s5.

Two-mixing angle formalism is used to describe mixing
in n — 7' system, see Refs. [23,24]. The physical states 7
and 7’ are defined in terms of flavor octet g and singlet 7.
In Ref. [24], we find a complete fit of mixing parameters
to experimental data, resulting for decay constants
the following central values f3 = 76.2, ff}, =61.8,

V(py, OV, = AIB(pp) = —€,.0p€" P

- ((pB TPy

where g = (pg — pp) or ¢ = (pg — py) and € is the po-

larization of the vector meson V. The following restrictions

are imposed over form factors in order to cancel poles at
2

g =0

F1(0) = Fy(0),
2myA(0) = (mg + my)A;(0) — (mg — my)A,(0).

€))

In the case of the WSB model, a single pole dominance
model is used for the g> momentum squared dependency

£(0)
(1—¢g*/m3)’

where m2 is the pole mass given by the vector meson, and
£(0) is the form factor at zero momentum transfer.

flg*) = (10)

V() (. €
P gy~ L ) + )

_ (mj —m3)
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fy = —110.5 and f;, = 138 MeV. Decay constants
fo=-(24%*0.2)and [y = —(6.3 £ 0.6) MeV are used
to include the 1, meson in the mixing scheme. When scalar
and pseudoscalar densities in penguin terms a¢ and ag are
evaluated, the correct chiral behavior must be ensured. Thus,
these matrix elements are multiplied by the factor r .

The numerical values r, = —0.689 and r,, = 0.462 are
used, see Ref. [25].
For the meson B lifetime, the values 75- = (1.638 *

0.011) X 107® s and 75 = (1.525 = 0.009) X 107® s are
used, and for B mass mp- = 5279.17 £ 0.29 and mpz =
5279.50 = 0.30 MeV [13], which are required to calculate
branching ratios.

B. Form factors

The WSB model [7] and LCSR approach [8] are used to
calculate form factors for B— P and B — V transitions.
Since the WSB model and LCSR approach provide form
factors only for the above transitions, form factors for
B— 7 and B — p’ transitions are calculated using the
ISGW?2 quark model [10].

The transitions B— P and B — V can be written in
terms of form factors by the following expressions

mZ _ m2
PoNV,IB(pa) = [ (ra + pr) =22, [Fi(g?)

2 2
+ [%]qm(qz) @)

and

Az(flz)
(mg + my)

2 .
mV(q‘Z 9) qMAo(q2)], )

qﬂ)(E* "q)

I

The WSB model is a relativistic constituent quark model
where the meson-meson matrix elements are evaluated
from the average integral corresponding to meson func-
tions, which are solutions of a relativistic harmonic oscil-
lator potential [7]. The wave function depends on the
parameter w? = (p7.), which represents the average trans-
verse quark momentum. The estimate of the form factors
are sensible to the w value used. The central values for
form factors reported in Ref. [7] are calculated with the
value w = 0.40. Additionally, we use the values w = 0.35
and w = 0.50 to estimate form factors in the WSB model
and obtain the uncertainties associated to the form factors
due to reasonable variations of the parameter w.

The LCSR approach uses the method of QCD sum rules
on the light cone [8]. The second set of parameters are used
in the calculations, see Ref. [8]. A fit parametrization is
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TABLE III. Form factors at zero momentum transfer for B — P and B — V transitions, evaluated in the WSB quark model [7] and

LCSR approach [8].

Transition F,=F, \%4 A A, Ay
B— 0.333 £ 0.027
[0.258 £ 0.031]
B—K 0.379 = 0.020
[0.331 £0.041]
B— 1 0.307 £ 0.034
[0.275 £ 0.036]
B— 7 0.254 = 0.046
(-]
B—p 0.329 = 0.052 0.283 * 0.045 0.283 * 0.046 0.281 = 0.041
[0.323 = 0.029] [0.242 = 0.024] [0.221 = 0.023] [0.303 = 0.028]
B—w 0.328 = 0.052 0.281 = 0.044 0.281 = 0.045 0.280 = 0.041
[0.293 = 0.029] [0.219 = 0.025] [0.198 = 0.022] [0.281 = 0.030]
B— K* 0.369 £ 0.046 0.328 + 0.040 0.331 £0.042 0.321 = 0.036
[0.411 = 0.033] [0.292 = 0.028] [0.259 * 0.027] [0.374 = 0.034]

utilized for the g dependency of the form factors. The
authors in Ref. [8] make variations of parameters and
determine the dependency for the form factors from the
input parameters. These estimates can be considered the
uncertainties associated with the prediction of the LCSR
approach for the form factors.

In Table III, values for form factors involved in transi-
tions B— P and B — V are shown, evaluated at zero
momentum transfer, in the WSB quark model [7] and
LCSR approach [8], with the corresponding errors from
input parameter dependency. Form factor in B — 7 tran-
sition, evaluated in the LCSR approach, is small at one
sigma error compared to the WSB model. This result is in
accordance with current experimental data [13]. The pseu-
doscalar meson 7’ is too heavy to be treated in the LCSR
approach, its value is not reported. In general, the form
factors calculated in LCSR approach are smaller than those
calculated in the WSB model, for this reason the branching
ratios are also smaller.

The improved version of the ISGW model [9], the so-
called ISGW2 model [10], a nonrelativistic quark model is
used in this work. Although, in the ISGW model is possible
to calculate transitions to a radially excited pseudoscalar
and vector mesons, the ISGW?2 model is better because the
constrains imposed by heavy quark symmetry, hyperfine
distortions of wave functions, and form factor more real-
istic at high recoil momentum transfer. These additional
features incorporated in the ISGW?2 model allow us to
make more reliable estimations.

In the ISGW2 model, B — P’ transition is written as

(P(pp)lV,IB(pp)) = [ (¢*) (P + PPy
+ fL(¢*)(pp — pP),w (11)

and matrix elements of vector and axial vector currents for
B — V/ transition are written as

(V(pv, OIV,IB(pp) = ig"(@*)€pape™ (Ps + Pv)*
X (pg — pv)*? (12)

and

(V(py, ©)lA,1B(pp)) = f'(¢*)e,, + a' (g*)(€ - pp)
X (pg + pv), + a-(g%)
X (6* ’ pB)(pB - pV),u,: (13)

where ¢ = (pg — pp) or (pg — py) in the respective case.

The transitions B — 77/ and B — p’ can be considered at
the quark level by b — ¢, where the pseudoscalar 77’ and
the vector meson p’ have quark content g,g,, and g, is the
spectator quark. In the following we write down the basic
expressions for form factors in B — 7’ and B — p’ tran-
sitions in the ISGW2 model. In the formulas X are 7/ or p/,
respectively.

The form factors f’, and f’, which parametrize the
transition B — 7/, are determined in ISGW2 model by
the expressions

Fiot fl= \/EI:(l —@>U—@V]Fg e
2 my my N

(14)
/ / 37’713 my " =f)
Fro= =3 v+ 2y R,
2m1 my -
where
BBy, B
22 382,
Bgx Bsx
2 2
V=6§§ (1+ﬁ)[7—TB(5+7)] (15)
BX mp BX
2022~
~ miBx(@ —1) .ty —t
TE—— a)—2~ — + 1.
BsBsx mpmy
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The parameters Bz = 0.43 and By = 0.41 are obtained
from the model, where Bzy = 1/2(B8% + B%). The expo-
nents ng and ny in the term ng) are (—1/2, +1/2) and
(+1/2,—1/2) in the cases (f, + f) and (f, — f),
respectively. The term F _(3[) is given by

W =G G @) G

1 )
X [1 + — B r2g(t, t)] , (16)
where
) 3 3m§ 1 16
ryg = + — 3 + —
Amym;  2mpmyPry  Mphy \33 —2nf
X 1n[7as(“ QCD):I. (17)
as(ml)

The parameters m; and m, are the masses of the quarks
q; and g,, m, is the hyperfine averaged mass, 7 is the sum
of the masses of constituent quarks, t,, = (mg — my)? is
the maximum momentum transferred, n; is the number of
active flavors at the b scale and a,(u) is the QCD coupling
at the u scale.

The transition B — p’ is parametrized by the form fac-
tors 7, g’, a’. and a’_ and determined in the ISGW2 model
by the equations

g =1 §[(L_ m2 B ) L _mPBEBY ]F<g'>
2¥2L\my 2p iy By 3p_rix Byl
(18)
and
2 2 Tm?2 B4 1
a, +a = —\/: P 3 { fn2B4X [1 +—T:|
3mymy, By |8MpBrx 7
szﬁx[l +_ ]
4EBX 5
_ 3miBx 3mz,3§}F(ag+a/)
8msByBEx 4By | °

D P 2
a, —a_ =4|= 3m§ {1 B I:l+—7':|
32my,myx Bix 7

s (3l +57))
_ Tm3 BBk (1 _ Bk 4 B3T )}F:(;ag_fa',),

12my i Byx

Bix  7Bix

(19)

where
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1 1
e = (— = —), (20)
mp oy

and Cy is a relativistic correction to the form factor f.

The exponents ng and ny in the factors F (3i) fori = f', g,
(a'. —a')and (a/, —a')are (+1/2,+1/2),(=1/2,11/2),
(—=3/2, +1/2) and (—1/2, —1/2), respectively.

The relevant parameters which determine the numerical
value of the above form factors, including masses of quarks
and mesons involved in the exclusive channel, are the
variational parameters Bz, Bx and the Cp relativistic
correction to the form factor f’. In the ISGW2 model,
when we vary the parameters Bz = 0.43 = 0.01, By =
0.41 £0.01 and Cr = 0.776 = 0.019 by 2.5%, we get
variations between 10 and 20% in predictions of the form
factors. These variations are considered the uncertainties of
the model to form factors predictions.

Form factors in ISGW?2 model are related to form factors
in the WSB model by the following relations

Fi(q%) = f.(g*), V(g?) = (mp + my)g'(¢%),
Ai(g?) = (mg + my)~'f'(g?),
Az(qz) = _(mB + mv)a/Jr (612),

M) = 5[ + (o = m)al (@), + )
21

The form factors for B— 7/ and B — p’ transitions,
calculated at momentum transfer ¢g> = m2, are presented
in Table 1V, including estimates of uncertainties. To esti-
mate branching ratios, it is necessary to calculate form
factors at different momentum transfers, namely at g> =
m%(, m%], mz,, m2, m%( and md)

Mixing n — 7’ effect is not included in the WSB model
prediction. SU(3) symmetry is used to consider mixing in
B — 7 and B — 7' transitions, which imply the relations

FB7(0) = /3FB™(0) = +/6F875(0) and

FB1 = FBns cos — FBM sing,
) (22)
FB7 = FB7s ging + FB cosb,

where 6 = —15.4° is the mixing angle [24]. Using
FB7(0) = 0.333 from the WSB model, form factors
FB7(0) = 0.181 and F37(0) = 0.148 are obtained. In
the LCSR approach, using the form factor F27(¢) and
SU(3) symmetry, the form factors FB7(r) and FB7'(¢) are
estimated.

The p° — @ mixing is introduced in hadronic matrix
element B — p°. Nevertheless, the effect in B — w tran-
sitions is negligible and it is not included in branching
ratios calculations. In the limit of isospin symmetry, physi-
cal states p’ and w are expressed in terms of isospin
eigenstates p’ and w’ by a rotation matrix
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TABLE IV. Form factors at momentum transfer g> = m2 for B— 7/ and B — p’ transitions, evaluated in the ISGW2 quark
model [10].

Transition F,=F, \% A A, Ay

B— 7 0.25 = 0.04

B—p’ 0.455 £ 0.030 0.118 £0.019 —0.117 = 0.024 0.429 £ 0.075

%) = 1p") + elo’)  lw) = |o’) = €lp),
where numerical values for mixing parameters are
(1+¢€)=1(0.092+0.016i) and (1 —€')=(1.011 + 0.030i).
Including isospin effects, hadronic matrix element for

B — p° transition is modified by the factor (1 + €), see
Ref. [26].

(23)

IV. AMPLITUDES AND BRANCHING RATIOS

The amplitudes for processes studied in this work are
explicitly written in the Appendixes. These amplitudes
are given in terms of decay constants and form factors
and contain all the contributions of the effective weak
Hamiltonian. Basically, the formulas for the decay ampli-
tudes are taken from the appendixes in Refs. [5,6], with the
appropriate changes for the processes studies in this article,
i.e., masses, decay constants and form factors, without
annihilation and exchange contributions.

Appendix A contains the amplitudes for B — P’/
decays, where P is the pseudoscalar meson 77, 1, 1’ or
K. The amplitude for the process B’ — 7~ 7/~ is not
written, but it can be obtained directly from BY —
a*7'*, interchanging 7 by 7. Similarly, the amplitude
for B~ — 7~ 7' can be obtained from B~ — 707/".

To compare B — P7' with B — Pm modes, besides
obvious differences in decay constants and form factors,
a point to remark is the following one. In the penguin sector
the more important contributions come from terms a, and
ae. Particularly, the aq and ag coefficients are enhanced by
a chiral factor, which is proportional to the squared mass of
pseudoscalar P or pseudoscalar radial excitation 7. In the
case of radial excitation 77/, this contribution can be two
orders of magnitude bigger than contribution of the pseu-
doscalar meson 7. This enhancement effect is shown in the
branching ratios of channels B — w7/, B— n#' and
B— n'w.

In Appendix B, the amplitudes for B — V7' processes
are shown, where V is the vector meson p, w, K* or ¢. In
these modes, the increased factor in the a¢ and ag penguin
contributions occur like in B — P#' modes. This effect
appears in the branching ratios of modes B — pa’ and
B — wm’, with the exception of channel B — p~7/".

The amplitudes for B — Pp’ processes are given in
Appendix C. The processes B — mp’ are not written, but
they can be obtained from amplitudes B — p7’ in
Appendix B, interchanging 7’ by 7 and p by p’.

In Appendix D, the decay amplitudes for B — Vp'
processes are given by the factorized term

XBeY = (V(G3q2)v-a10Xp'|(g1b)y—a|B)

= —ifvmv[(e*v € )y + my)AY ()

ey 248 ()
(e PB)(fp/ PB)W
. 2VE7 (7))
+ zewaﬁeﬁez,pgpﬁ,m], 24)
p

where €y and €, are the polarization vectors of the vectors
mesons V and p’, respectively. This notation is introduced
to simplify expressions in Appendix D.

The amplitudes for processes which contain the meson
70, 7°, p° or p’ in the final state, are multiplied by the
factor 1/+/2 due to the wave function of these neutral
mesons, i.e., 1/v2(iu — dd).

From decay amplitude and input parameters, branching
ratios are straightforward calculated. The decay rate for
processes B — P is given by

A2(m%, m3, mfr,)

I'B— P#) =
( ) 167Tm%

|M(B — Pa')P,

(25)

where A(x,y,z) = x> + y> + 22 — 2(xy + xz + yz). The
decay rate for processes B — V' and B — Pp’ are calcu-
lated using Eq. (25). In this case, the squared amplitude is
proportional to |ey * p/|* and |€, + pp|?, respectively. In
processes B — Vp/, the squared amplitude is involved due
to interfering terms proportional to X3¢"V and XBV-*'
contributions.

The branching ratios listed in Tables V and VI are
CP-averaged conjugate modes. Charged and neutral chan-
nels are calculated by

LB — %)+ T(B~— )
2

_ - (26)
I'(B°— f) +T(B°— f)
> ,
where f is the two-body meson final state, i.e., f = P7,

Va', Pp' or Vp'.

Form factors in transitions B — P and B — V are calcu-
lated using two representative methods, the WSB quark
model [7] and LCSR approach [8]. The branching ratios
calculated in LCSR approach are listed between squared
brackets in Tables V and VI. In transitions B — 7' and
B — p/, the improved version of the ISGW nonrelativistic
quark model [10] is used.
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TABLE V. Branching ratios (in units of 107%) averaged over
CP conjugate modes for B — P7’ and B — V7' decays, using
the WSB [7] model and LCSR approach [8], decay constants
f= =26and f,» = 0.0 MeV. (—) means same value.

Mode B

54=*1.1[55*1.1]5.5 1.1
38.3 + 6.2[24.6 = 5.6]0

B — 70770 6.2 = 1.0[4.2 = 1.0]0.03 = 0.01

B — 2.8 +0.5[2.8 = 0.5]2.9 * 0.6

0.22 * 0.04[0.14 = 0.04]0.004

B — 7t /-
BO — 7T_7TH—

B — 7T07T/7

B — 570 4.0 = 0.7[2.6 = 0.7]0.04 + 0.01
B~ — nuw'~ 14.1 = 2.3[9.0 = 2.3]0.05 = 0.01
BY — /7 2.2 +0.3[1.4 = 0.4]0.007 + 0.001
B~ — nla’” 8.1 + 1.3[5.0 = 1.3]0.01 = 0.001
B> K~ 7't 6.0 = 1.1[—]—

BY — K70 3.7 20.7[3.7 £ 0.7]3.4 £ 0.7
B — K o 3.6 +0.7[3.5 + 0.7]3.2 £ 0.6
B~ — K7/~ 73+ 1.474+14]73 14
BV — p 7't 13.7 £2.6[—]—

B — ptal” 21.7 * 6.2[27.8 + 5.1]0

B0 — p07/0 3.3 = 1.1[4.3 £ 0.9]0.02 = 0.01
B~ — pO%'~ 15.3 = 4.3[19.4 + 3.6]0.04 = 0.01
B~ — p 7" 13.1 =3.1[149 +2.8]7.4 * 1.4
B — wa” 6.7 = 1.9[7.3 = 1.6]0.05 = 0.005
B — ww'” 9.9 = 3.1[10.7 * 2.6]0.1 = 0.05
B — K*~ 7't 2.8 +0.5[—]—

B — K070 0.8 + 0.2[0.7 = 0.1]0.8 = 0.2

B~ — K* 70 1.7 +0.4[1.7 = 0.3]1.5 £ 0.3
B~ — K07/~ 3.4 +0.7[-]-

B — ¢z 0.004[—1—

B~ — ¢~ 0.009 + 0.002[—]—

In Table V, branching ratios for processes B — P#' and
B — V7' are shown, where P is the pseudoscalar meson 77,
n, ' or K and V is the vector meson p, w, K* or ¢.
Branching ratios are calculated using two different values
in decay constant f,» = 26 MeV (first and second column)
and f,» = 0 MeV (third column).

PHYSICAL REVIEW D 86, 094022 (2012)

In Table V, channels with K, K* or ¢ in the final state,
have equal branching ratio calculated in the WSB model or
in the LCSR approach. The branching ratio in processes
B— 7wt a'~ and B— p~ 7" have independent value of
the decay constant f ., since decay amplitude has only one
contribution proportional to f. or f,, respectively.

Using the value f,» = 26 MeV in calculations, channels
B — mat, B — i, BO— p~a't, BO— pta,
B~ — p’7’~ and B~ — p~ 7% have branching ratios of
the order of 1073, The channels with branching ratios
of order below 107® are B~ — 77—, B*— K*7",
B’ — ¢7® and B~ — o7~

Numerical values for branching ratios of processes
B — Pp' and B — Vp' are listed in Table VI. The branch-
ing ratios are calculated using the decay constant f, =
128 MeV. Branching ratio prediction for the decays
B0 — 7T_p'+, B — p—p/+ B — p+p/— and B~ —
p~ p"® are of order 1073, The branching ratio of the chan-
nels B° — 77.0'010, B — n(l)p/O’ BO—>K0p/O, B_—>K_p/0,
B~ — K%', B'— pp0, B — wp® B°— $p” and
B~ — ¢p'~, are suppressed of order below 107°. The
modes B — 7tp'~, B — 7%, B~ - 7 p”, B~ —
np'~, BO— ptp'~, B> wp” and B~ — wp’~ have
different branching ratios when form factors are calculated
using the WSB model or the LCSR approach.

The authors in Ref. [4] can calculate the ratios

_Br(B'— 7 p'")

_ Br(B-— 7 p")
p* Bri(B'— 7 pt) p

Br(B~— 7 p°) @7

0

and obtain approximately R,+ = R0 =~ 2. Using the world-
averaged experimental data from Refs. [13,27], Br(B°—
T pT)=23.0£23%x10"°% and Br(B-—7 p%)=
8.3 1.2 X 1079, itis possible to predict the branching ratios
Br(B°— 7 p'")=46.0X10"% and Br(B-— 7 p°)=
16.6 X 107°. These numbers can be compared with our
CP-averaged branching ratios calculated in Table VI,
Br(B — 7 p't) = 14.6 + 4.9[14.6 + 49] X 107% and

TABLE VI. Branching ratios (in units of 107°) averaged over CP conjugate modes for B — Pp’ and B — Vp' decays, using the
WSB [7] model and LCSR approach [8], and decay constant f, = 128 MeV. (—) means same value.

Mode B Mode B

BY— 7t p'~ 9.8 + 1.6[6.5 + 1.6] BY— p p't 37.8 = 11.9[—]
BY— 7 p/* 14.6 = 4.9[—] B — ptp'~ 28.3 = 8.6[21.2 + 4.1]
BY — 70p/ 0.02 = 0.01[0.009 = 0.001] BY — p0p/ 0.14 = 0.05[0.13 * 0.04]
B~ — 7%/ 8.3 = 2.8[—] B~ — pOp'~ 7.5 +£2.2[6.0 = 1.2]
B — 7 pl 5.8 +0.9[3.8 = 1.0] B~ — p pl 20.7 £ 6.5[—]

B0 — np” 0.008 = 0.002[0.006 =+ 0.002] B — wp” 0.15 = 0.05[0.04 + 0.02]
B~ — np'~ 3.3 +0.6[2.0 = 0.5] B™ — wp'~ 10.2 = 8.0[5.7 = 1.4]
B0 — 5'pl 0.04 = 0.01[—] B — K" p't 7.7 £ 2.5[—]

B~ — q/p/~ 2.0 +0.4[1.2 = 0.3] BY — K*0p0 6.7 +2.0[—]

B — K~ p'* 1.1 +04[—] B~ — K* " p0 6.3+ 1.9[6.3 + 1.8]
B0 — K0p0 0.13 = 0.02[0.11 = 0.3] B~ — K*0p'~ 9.1+29[—]
B™— K p° 0.6 =0.2[—] B — ¢p” 0.009 =+ 0.002[—]
B~ — K%'~ 0.01 = 0.007[—] B~ — ¢p'~ 0.03 = 0.01[—]
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Br(B~ — 7 p/) = 5.8 =0.9[3.8 = 1.0] X 107°, which
could be indicating an overestimate of the ratios in
Eq. (27), by a factor of 2.

Up to now, the only measured branching ratios reported
are Br(B*— 7" p(1450)°) = 1.473$ X 107¢ [28], and
upper limit at 90% confidence level for the decays
Br(B* — p(1450)°K™) < 11.7 X 107% [29] and Br(B* —
p(1450)"K™) < 2.1 X 1079 [30], see Ref. [27].

Our estimate of this CP-averaged branching ratios
are Br(B~ — 7 p/%) = 5.8 = 0.9[3.8 + 1.0] X 107, and
Br(B* —K*p?)=0.6*0.2[0.6+0.2]X 1075, Br(B" —
Ktp'~ =1.1+04[1.1 £0.4] X 107°), see Table VI.
These results could be indicating that the decay constant
fp and the form factors in the transitions B — p’ are
overestimated.

V. CP ASYMMETRIES

Direct CP-violation asymmetry in charged B~ decays is
defined by [1,2]

o _TB =) -TB —f)
COTBT - fH+TB —f)

(28)

For b — ¢ transitions (where g = d, s), the decay
amplitudes can be written generically by

M =V, Vi, T = V,ViP, (29)

where T is current-current contributions, P is penguin
QCD and electroweak contributions, see the decay ampli-
tudes in the Appendixes.

In the standard model, CKM matrix elements contain
weak phases due to the weak dynamics. In the generalized
naive factorization approach, the effective Wilson coeffi-
cients ¢ () are complex numbers, which contain a strong
phase due to QCD interactions [11]. Thus, phase contribu-
tions from the terms 7" and P in the decay amplitude can be
factorized in terms of weak and strong phases. This results
in the contributions 77 and P’. The decay amplitude M and
its CP-conjugate amplitude M can be written as

M = /16T + oid2i02pl
M = e ib1oidi T 4 o i¢24i02 P/,

(30)

where ¢; weak-decay phases change sign in a CP con-
jugate transformation and &; strong phases are conserved.
Using this factorization of phases, direct CP-violation
asymmetry can be calculated by

_ | M|2 — | M|? _ 2sin(A ) sin(AS)r
M2+ |IM|2 147+ 2rcos(Ap)cos(AS)’
(€29
where r is the ratio P'/T', A¢p = ¢, — ¢, and AS =
6, — 6, are the difference in the weak- and the strong-

phase contributions to the terms T’ and P’. Three condi-
tions must be fulfilled for the existence of direct CP

Acp
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violation. A CP-violation weak phase A ¢, final state inter-
actions which induce a strong phase A8, and two different
contributions to the amplitude of comparable size T' = P/,
see Refs. [1,2].

In the framework of generalized naive factorization, the
effective Wilson coefficients ¢ are complex numbers.
The imaginary part of these coefficients are due to calcu-
lable QCD perturbative contributions [11]. This effect
induces a strong phase in the amplitudes, which is required
to have direct CP violation.

Direct CP-violating asymmetries have been calculated
using the form factors based on both the WSB [7] model
and LCSR approach [8]. The CP asymmetries depend
weakly on the form factors. However, it is not the case
for the weak decay constant f,.. In the modes B — P’
and B — V', dependency in the decay constant f_ will
be discussed.

For the charged modes B* — P#/, B* — V', direct
CP-violating asymmetries are listed in Table VII.
Table VII shows the dependency of direct CP asymmetries
in the decay constant f .. Results using f,» = 26 MeV are
shown in the first and second columns, where the calcu-
lations are done in the WSB model and LCSR approach,
respectively. In the third column are results using f,. =
0 MeV. In this case, numerical results are independent of
the model calculation of the form factors.

The processes B — K70, B* — p=7°, BT —
K** 7% have direct CP-violating asymmetries of order
10%. The channels BT — K°#'*, B* — K*%#'* and
B* — ¢7'* have only one contribution to its decay am-
plitude, in consequence direct CP asymmetry is equal to
zero. Direct CP-violating asymmetry in channel B~ —
77" depends on the use of WSB model or the LCSR
approach.

In the channels B* — y#'~, B* —» K= 7 and B~ —
K** 70, direct CP violation asymmetries are not sensible
to the value of decay constant f .. When the value f_, = 0
MeV, direct CP violation asymmetry in channel B* —
=70 is equal to zero. In the same case, modes B* —
7", BT — y'7’*, BT — p®7/* and B* — w7’'* have
an increase in the direct CP-violation asymmetry. On the
contrary, channel B* — p= 7' has a decrease.

In Table VIII, direct CP-violating asymmetries for the
channels B* — Pp’, B* — Vp' are shown, using the WSB
model and LCSR approach, and the decay constant
fp =128 MeV.

Direct CP-violating asymmetry corresponding to the
channels B* — K= p"°, B* — wp’® and B* — K**p”
are bigger than 10%, which make them good candidates
to be observed experimentally. In channels B* — K%p’*,
B* — K*0p'* and B* — ¢p’*, the decay amplitude has
only one contribution, thus the direct CP-violating asym-
metry is automatically equal to zero. The other channels
have direct CP-violating asymmetries of less than 10%
order.
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TABLE VII. Direct CP-violating asymmetries in percent for
B* — P7’ and B® — V7' decays, using the WSB [7] model
and LCSR approach [8], decay constants f,, =26 and [ =
0.0 MeV.

Final state Acp
a0 -1.6 £0.3[—1.1 = 0.1]0.0
7= —0.4 £0.1[-0.5 = 0.1]1.7 £ 0.1

nw'* 5.4+ 0.1[55 *0.1]5.2 = 0.1
n'7* 5.9 *+0.1[6.2 = 0.1]23.5 = 0.5
K* —14.0+ 1.0[—14.0 = 1.0] — 15.0 = 1.0
KO7'* ofojo
pOn'= —6.0[—6.0 = 1.0] —23.4 + 1.0
pr —22.0 + 1.0[—23.0 = 1.0]5.3 * 1.0
w7 —7.0 + 1.0[—7.0 = 1.0]14.9 = 1.0
K** /0 —27.0 = 1.0[—27.0 = 1.0] — 30.0 = 1.0
K*07* ofojo
'™ ofoJo

0 /=

The channels B — 7°p’*, B*— 7 p° and B*—
wp'* have direct CP-violating asymmetries which depend
on the use of the WSB model or the LCSR approach in
evaluating the form factors in transitions B — 7 and
B— w.

In neutral B® decays, because of the B® — B® mixing, it
is required to include time-dependent measurements in
CP- violation asymmetries. The CP-violation time-
dependent asymmetry is defined as

_TB(1) — ) —T(B(1) = f)
L(B%(t) — f) + T(B°(1) — f)
= Cycos(Amt) + Spsin(Amt), (32)

Ag(t)

where f is a two-body final state. The coefficients C; and
S are defined by

TABLE VIII. Direct CP-violating asymmetries in percent for
B* — Pp' and B* — Vp' decays, using the WSB [7] model and
LCSR approach [8], and decay constant f, = 128 MeV.

Final state Acp

mp'* —5.1+24[-7.3*3.2]
a* p” 5.9 + 1.1[6.6 = 1.0]
np'* 5.7 £0.5[5.8 = 0.5]
n'p'* 5.4 £ 0.5[5.5 = 0.5]
K*p™ —20.5 *+ 1.0[—20.0 + 1.0]
kopli 0[0]

p°p’" 0[0]

prp" 0[0]

wp'™ 15.0 +5.0[16.8 * 2.6]
K** p’ —20.7 = 1.8[—20.7 * 1.7]
K*Op/t 0[0]

¢p'"* 0[0]
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C,=— 1 =— 33
R PPE A PPE G9)
given in terms of the ratio A, which is defined by
Vi Vil f1Heogs| B
N ARG -

! Vi Vi f| Hege| BY)

The coefficients C; and S, are functions of A;. The
quantity A is independent of phase conventions and physi-
cally meaningful, in consequence the coefficients C; and
S, are observables. CP violation in the interference of
decays with and without mixing is encoded in the coeffi-
cient Sy # 0. CP violation in decays means C; # 0.

If the final state f is a CP eigenstate, i.e., CP|f) = %|f),
and decay amplitudes are dominated by only one weak
phase term contribution, then (f|Hy|B%) = (f|H.|B°),
C;=0and S; = 7n,sin(2¢), where 7, is the CP eigen-
value of f and 2¢ is the difference in weak phase between
the B — f and B — B° — f decay path. A contribution
of another term to the decay amplitude with a different
weak phase make the value of S, depends on the strong
phase. In this situation is also possible that C; # 0.

CP-violating asymmetry coefficients C; and S, for
neutral B(B®) decays with radial excited mesons 7’ and
p’ in final state are shown in Tables IX and X, respectively.
For the processes B%(B°) — ¢’ and B°(B°) — ¢p’ the
coefficients C; and S are equal to zero, since there is only
one contribution to the decay amplitude in the respective
channels.

The calculation results for the coefficients Cy and S are
practically equal when the form factors are estimated using
the WSB model or the LCSR approach. Nevertheless, for
the modes B — P#’ and B — V7, there is a dependency
with respect to using the values for the decay constant
fn=26 or f.,=0MeV. The channels with a strange
meson in the final state have the same value of the
coefficients using the two different values in decay con-
stant f .

The channels with C; = 0 and S, # 0 are B® — K°7™,
B’ — K970 BY— K% and B — K*0p°. In these
channels, where there is only present CP violation in the
interference of the decay and in the mixing, it is possible to
relate the coefficient Sy to fundamental parameters in the
standard model, i.e., interior angles of the unitary triangle.

CP violation in neutral B°(B°) mesons is involved when
a final state f and its CP conjugate transformation state f
are both common final states of B and B° mesons. The
final states f and f are not CP eigenstates, i.e., CP|f) #
|f). For this case, time evolutions of the four decays
B(r) — f, B(t) = f, B°(t) — f, B°(t) — f and B°(r) —
f are studied in terms of four basic matrix elements
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TABLE IX. CP-violating asymmetry parameters C, and S, in percent for neutral B°(B°) — P’ and B°(B°) — V' decays, using
the WSB [7] model and LCSR approach [8], decay constants f,» = 26 and f,» = 0 MeV.

Final state Cy Sy
7070 —0.7 = —0.1[0.8 = 0.1] — 10.1 = 0.1 —2.7*+0.3[—3.4 £0.2] — 30.6 = 0.1
" 0.4 +0.1[0.6 = 0.2]5.2 = 0.1 1.7 = 0.4[2.3 £ 0.6]21.5 = 0.5
g 0.5 + 0.1[0.7 = 0.2]23.5 + 0.5 2.0 + 0.5[2.7 = 0.7]40.9 + 0.5
K*a'* —15.0 = 1.0[—15.0 = 1.0] = 15.0 = 1.0 28.0 = 1.0[28.0 = 1.0]28.0 = 1.0
Ko7/ 0[0]o 69.0 = 1.0[69.0 = 1.0]70.0 = 1.0
pOa0 1.0 = 0.5[1.2 = 0.5] — 23.4 = 1.0 5.0+ 1.0[4.8 =0.8] —58.0= 1.0
w7’ 1.0 £ 0.5[1.0 £ 0.5]14.9 = 1.0 3.0 = 1.0[3.6 = 0.8]46.5 £ 1.0
K~ 7= —30.0 = 1.0[—30.0 = 1.0] — 30.0 = 1.0 —20.0 = 1.0[—20.0 = 1.0] — 20.0 = 1.0
K070 0[0]0 70.0 + 1.0[70.0 = 1.0]70.0 = 1.0
¢ 0[0]0 0[0]0

g = (f|HxlB°), h = (f|Hex|B), 35 and

g = (flH|B°), h = (f|He| BY). il = 13)2 —ZIm(LVZ’ g

A |A| 5] 5. = VisVig h (39)
The following two CP-violating asymmetries are P h)? + 151> Y 1+ g/hl*

introduced

T'(B°(1) — f) —T(B°(1) — f)

A = T @0 = )+ TE0 = 1)
= Cycos(Amr) + 8 sin(Ami) (36)
and
0(f) — 7 — T(RO() — F
i = 0O =P =10 = )

I(B(t) = f) + T(B°(t) = f)
= C;cos(Amt) + S sin(Amz), 37)

where the coefficients of cos(Amt) and sin(Amr) are
defined by

_ ViV i
e el —1nP T (38)
T g2 + [n T 1+ /g

TABLE X. CP-violating asymmetries parameters C and Sy in
percent for neutral B%(By) — Pp’ and B°(B°) — Vp' decays,
using the WSB [7] model and LCSR approach [8], and decay
constant f, = 128 MeV.

Final
state Cy Sy

mp? =573+ 6.7[—62.6 + 1.7] —78.6 + 1.7[—75.1 = 5.6]
np®  —443 + 1.4[—44.6 = 1.2] —87.3 = 2.1[—80.8 + 8.6]
7' p" —59+1.3[—4.6 = 1.3] —483 = 1.2[—47.2 + 1.3]
K*p'* —145 % 1.0[—14.5 £ 1.0] —12.9 = 1.0[—12.9 = 1.0]
K9p" 0[0] 64.5 = 1.0[64.5 + 1.0]
p%p°  —23.0+ 1.0[—23.0 + 1.0] —58.0 = 1.0[—58.0 = 1.0]
wp” 17.5 = 4.5[17.5 + 4.5] 46.5 + 1.0[46.5 = 1.0]
K**p'* —30.0 = 1.0[—30.0 = 1.0] —20.0 = 1.0[—20.0 = 1.0]
K*0p/0 0[0] 65.0 + 1.0[65.0 = 1.0]
p" 0[0] 0[0]

The condition for CP violation is that width decays
I'(B°(1)— f) #T(B°— f) and T(B(1)— f) #T(B"— f),
which means, in terms of CP-violating asymmetry coef-
ficients, C'f # —Cf and (or) S’f # —.S_’Jz.

Numerical values in percent for the CP-violating asym-
metry parameters Cy, Sy, C 7 and S 7 in the B°(B°) — 7,
B°(B%) — pa’, B°(B°) — mp’ and B°(B°) — pp’ decays
are listed in Table XI. The form factors for the transitions
B — 7 and B — p are calculated using the WSB model
and LCSR approach.

The CP-violating asymmetry parameters for the final
states ptp'~, p~p'" have the same value if they are
calculated using the WSB model or LCSR approach. The
parameters for the final states with a 77/ mesons are only
calculated using the values in decay constant f, =
26 MeV. When the value f,. = 0 MeV is used, results
are not reported, since there are zero contributions, g = 0
and cg =0, with the consequence that C; = —Cj =
100%, Sy = oo and jf- = 0.

No significant direct CP asymmetry for the mode
B* — p%(1450)7r* is observed, see Ref. [28], reporting
Acp(%) = —6.07350. For this channel we have obtained
Acp(%)=5.9+1.1[6.6 = 1.0]; note that we have defined
direct CP asymmetry differently by a sign. One of the
reasons for this work is to estimate these asymmetries and
to motivate the experimental measurement of them.

VI. CONCLUSIONS

In the framework of generalized naive factorization we
calculate branching ratios and CP-violating asymmetries
of exclusive nonleptonic two-body B decays including the
radial excited 7(1300) or p(1450) meson in the final state.
Branching ratios and CP-violating asymmetries for the
exclusive channels B — P#/, B— V', B— Pp’' and
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TABLE XI.  CP-violating asymmetry parameters Cy, Sy, C; and Sy in percent for B°(B?) —
aa’, B(B°) — p#', B°(B°) — mp’ and B°(B®) — pp’ decays, using the WSB [7] model and

LCSR approach [8].

Final states Cy, Cf

Ss. 85

s Tt

pta =, pm 't 30.0 * 13.3[33.0 = 16.7]
—94.3 +42[—92.6 + 5.9]
atp'™, mp't 24.1 £ 19.1[37.1 = 24.6]

5.8+ 1.0[5.4 = 1.0]
ot~ pp'* 16.0 = 1.0[16.0 = 1.0]
16.0 = 1.0[16.0 = 1.0]

77.5 = 0.7[61.8 = 6.9]
61.5 = 0.9[76.7 = 5.8]

—70.7 = 0.9[—52.1 + 8.8]
66.5 * 0.8[80.9 = 5.1]
—30.1 + 13.3[—33.1 = 16.6]
—88.0 = 1.0[ —84.8 = 4.9]
—22.1 = 16.5[—32.4 £ 25.5]
5.5+ 1.0[5.1 = 1.0]
—5.4+1.0[—5.4 = 1.0]
16.0 = 1.0[16.0 = 1.0]

B — Vp' (where, P and V denote a pseudoscalar and
vector meson, respectively) have been estimated using
all the contributions coming from the effective weak
Hamiltonian H .

The form factors in B — P and B — V transitions are
estimated using the WSB model [7] and LCSR approach
[8]. In order to obtain form factors in B— 7’ and B — p'
transitions, we use the improved version of the nonrelativ-
istic ISGW quark model [9], called ISGW2 model [10].
The factorized decay amplitudes for these decays are listed
in the Appendixes.

We obtain branching ratios for 52 exclusive channels.
Some of these decays can be reached in experiments. In
fact, decays B —» 7~ a7't, B~ - na'~, B — p~7'*,
B()_)p+77./7’ B~ — p07T/7, B~ _’/7777/0, BO_, 7Tipl+,
B'— p p't, B> ptp'~, and B~ — p p° have
branching ratios of the order of 107,

We also studied the dependency of branching ratios in
channels B — P7' and B — V7' with respect to the decay
constant f_.. The more sensible modes to the value in
decay constant f,, are B - 7~ 7'*, B - 7°7°, B~ —
77,77./—’ B__’Tl/ﬂ'/_, BO—’p+7T/_, B—_,poﬂ./—’ BO_,
w7, and B~ — w7~ . These channels could be the best
scenario to determine the decay constant f . in nonleptonic
two-body B decays.

In general, we can explain the large branching ratios in
decays B - 7~ #'*, B> p~#'*, B> p*#'~, and
B~ — p~ 7"° by the effect of the enhancement of the chiral
factor that multiply the penguin contributions a4 and ag in
the effective weak Hamiltonian H. ;.

Direct CP-violating asymmetry in channels B* —
Ki 77./0’ Bi — pi’?T/O, Bi — K*i’ﬂ/o, Bi — KiplO,
B* — wp'*, and BT — K**p/® are more than 10%
order. In the modes B* — n'm=, B* — p°#/* and
B* — wn'*, estimation of direct CP-violating asymme-
try using the value of the decay constant f, = 0 MeV,
give an increase with respect to the calculations using
the value f, =26 MeV. On the contrary the channel
B* — p~ 7 has a decrease in its estimation. When the
value in the decay constant f_» = 0 MeV is used, esti-
mation of direct CP-violating asymmetry in modes

B* — y¢'7'*, B* — p°7’* and B* — wn'* are more
than 10% order.

In the neutral modes B® — K%#0, B — K*07/0 B0 —
K°p"® and B® — K*0p/°, we have estimated the CP- vio-
lating asymmetry coefficients Cy = 0 and Sy at more
than 60%.

For the channels B — 7~ p/" and B~ — 7 p”, our
predictions are lower like the ones obtained by Ref. [4],
although our value is the same order of magnitude that the
only experimental branching ratio measured B~ — 7~ p’
[28]. The estimations of the bracing ratios for the chan-
nels BY — K" p’® and B — K*p/~ are consistent with
the upper limits measured by BABAR Collaboration
[29,30].

Finally, we want to mention that, even the direct
CP-violation asymmetry Acp(%) = —6.07350 for the
mode B* — p°(1450)7~ is consistent with zero, and our
predictions for that asymmetry are compatible with the
central value.
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APPENDIX A: MATRIX ELEMENTS
FOR B — Pw' DECAYS

_ G
MB — 7 7") = —i—FfW/Fg_’”(me,)(m% —m2)

V2
X {VubV;dal - V,th*d
X [a4 + ao + 2((16 + (18)

m%.,
" Gy = my)mg + m)]} (AD
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Gr _ . . 1 3
Fwag ™ (m2)(m} — fr/){vuhvudaz - Vth;d[_CM +5ap — 5(07 — ay)

M(B® — 7070) = j 5
— (2a6 — as)(

my

my, — my)(my + my)

Gp ;
+i—=f FE=m(m?)(m3 — m% {Vu Vv a
I L )~ )| Vin Vi

VoV s+ a2 ) - Cag—ap "] (A2)
th Vg — 44 2010 2“7 ag de — ag (my — my)(my + my Al

— — . G —s 77/ —s 77 s
M(B — T 77-/0) = _lTFfﬂ'Fg (mi)(m% - mi-/){vub dal} \/-fq'r Fg (mz,.l)(m%; - m%r){vubvudaZ

2

.3 me,
— ththzl:ag + ajg — ay + 26[8 (mb — mu)(md n mu)il}’ (AS)

- () . . 1
M(B® — 71(/)7T'0) = —l*fﬁ/FB 7 (m i/)(m% - mim){vubvudaz - VsztdI:_a4 + s a0 — 2ag — ag)

2
mz/ 3 GF
_ ey B— ' 2 2 2 %
(mb md)(md T md) (a9 a7)]} +i 3 f»,,(/>F0 (m,,lm)(mg mﬂ/){vubvudaz
fc( %](r)
+ Ve Vigar -~ Vt,,thI:a4 + 2(as — as) + - (a9 a; — ay) + (2as — as)
n(/) (mb - md)(ms + ms)
fS ) f 70 1 fs )
X ( ;7 - l)rnw + (a3 — as + ag — a;) =2 y (a3 —as + §(a7 - ag)) Z ]}, (A4)
,7(/) f 0] f,7</>

G 0 2,
MB~— n07) = =L f FE" () (m3 — m2, {V Vi~V v[ +ayy + 2(ag + G ]}
( 77 =i—=f.F, (mw)(mB mn“) ubV a1 V| G4 T A1o (aq 08)(mb_mu)(md+mu)

NG

+i GF u FB—>7T fc 0 * _
f nto (m (r )(mB /) uhvudGZ + VCbV da2 thvtd ay + 2(“3 aS)
a2l 7
1 70 f;m

+ 5(619 —a; —ay) + (2as — as)(mb —my)(m, +m,) T - l)rn(”
o 1 o

+ (a3 —as + a; — ag)—+ (a3 —ast §(a7 a9))fz ]} (AS5)

0 )

70

_ _ G S % *
M(B —~ K~ ) = ~i L fF ™ oy m%,,){vubvmal - vtbvm[m T ar

m3-
+ 2(ag + ag) (my — m)(m,, + ms):l}’ -

m

_ G 1 20
0 0,0y — ;2 F B—7' (.2 2 2 * _ _ K
M(B — K 7T/ ) e 1 2 fKFO ™ (mK)(mB mw,)V,thS{aét Ealo + (2616 ag) (mb — md)(md T my)}

Gr 3
- 7f77 FB_)K(m )(mB - mK){ ubVZsaQ thvlii(a9 - a7)}’ (A7)
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— _ .G S « % m27
MB~ — K 7°) = —17FfKF€ ™ (m%)(m% — mi,){VubV,”al - V,meI:a4 + a9+ 2(ag + ag) (= mu)lzmu - ms)il}
.G - y .3
- ITFfﬂ’Fg K(m%,-/)(m% - m%{){VMbVMSQZ - thVtsi(a9 - a7)}r (AB)
MB —K7") = —i&fKF"%”/(m2 Y(m% — mz,)thV,*.{cu - lalo + (2ag — ag) m%(O } (A9)
N/ e i ’ 2 (my, — mg)(my + my)

APPENDIX B: MATRIX ELEMENTS FOR B — V7' DECAYS

MB— p~7't) = '\/EGFprlB_}ﬂJ(mlzo)mp(e PV Vigar — Vi Viglas + ayol} (B1)
30 +,- B—p( 2 ; m2,
M(B —p 77'/ ) = \/EGFfﬂ"AO (mw,)mp(e . pﬂ_/){VubeKal - ththI:a4 + ay — 2(06 + ag)(mb T mu)z'mu T md)]},
(B2)
_ G , ) ) 13
M(B°— pO7) = ——Lm, (e P#)(pr?ﬁ” (m%){vuhvudaZ + Vth{dI:CM —sap—5la; + ao)]}
V2 2 2
+ fAg P (m? ){V Viay + Vi Vi [ : (2 ) My +3 )]})
) V. as ——ap— Rag—a —(a; — ,
740 77 bV ugt2 th ¥ td| Y4 2 10 6 8 (mb + md)(md T md) 3 ay ag
(B3)
B— 2 mzr
.M(37 — p07T/7) = GFmp(e . pﬂT/)<f7T/A0 P(mﬂ,){VubV;dal - Vfbvt*d[a4 + ayy — 2(06 + ag) (mb T mu)ETmu T md)]}
/ * % 1 3
+ prlB_'W (m%){VubVl;daz - Vletd[_a4 + zalo + 5(&7 + ag)]}), (B4)

MB~ — p~ 7)) = Gpm,(e- pﬂ)(pr?_WI(m%)){VubV:dal — Vi Viglas + ayo)} + fﬂ"Ag_’p(m%,-/){VubV;daz

. 1 m?, 3
- Vth,d[—CM + 540~ (2a¢ — as) (my + ) (my + ) + 5(09 - 07)]}), (BS)

_ G , . . 1
MB°— o) = T;mw(f : Pw’)(_wa?_W (m%u){VubV;,ddz - thV,dI:a4 +2(az + as) + 5(117 tag— alo)]}

— * % 1 mz-r’ 3
+ frAG (mgr’){vubvudaZ - ththl:_a4 + 7410~ (2ag — ag) (my = m)(m. +my) + §(a9 - a7)]}),
(B6)
- - B 2 m2,
M(B —_ (,()77/ ) = Gme(E . pW,)(fﬁ,AO—W(mw,){VubVuda1 - V,,,thl:a4 + al() - 2(616 + ag) (mb T mu)ETmu T md)]}

/ % % 1
+ wa?_’ﬂ' (mz)){VuhVitdaz - V,thd[a4 + 2(613 + a5) + E(Cl7 + ag — alo)]}), (B7)
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MB— K~ 7")= \/EGFfK*FlB_)#(m?(*)mK*(G PV Visar — Vi Vislag + ayol}, (B8)

D 4 LK % " 3
M(BO — K 077'/0) = GFmK*O(e : pﬁ’)(fn”AOB K (mzr/){vuhvusaz - thvt.si(a9 - a7)}

, N
+ [ FEm (m2 o)V, Vz's{a4 3 alo}), (B9)

. . 3
MB — K7 = Gpmy-(e - pﬂ/)(fw/AgﬁK (mi/){vubv::saz VoV (g — a7)}

+ fK*Ff_WI(m%(*){VubV:sal — Vi Vis(ay + alo)}), 2 (B10)

M(B~ = R07) = —V2Gef i U= (i hme (e po)VaVifas = sao). B11)
M(B°— p7°) = _GqusF?_wl(mfl,)m(p(ﬁ : Pw')thVt*d{% +as — %(07 + 09)}; (B12)
MB™ — ") = —2M(B° — pa). (B13)

APPENDIX C: MATRIX ELEMENTS FOR B — Pp’ DECAYS

_ () " s 1 3
M(B® — n"p") = Gpm,y (e - P,,(/))(fp’Ff K (mi/){vuhvudaZ - Vsz,d[_CM + 5 %10 + §(a7 + 09)]}

+ fu AB—»p' 2 * * fff-](/) _ * 2 _
f 7040 (mn“)) Vb Vg + Ve Vigan N Vi Vil as + 2(a; — as)
70
2 s
1 m- o
+ —(ag — a7 — ayy) — Qag — ag) u (L—l)rm
2 ’ 7 10 6 5 (mb + md)(ms + ms) f;t](/) K
I 1 2
+ (a3 — as — a7 + ay) Z() "‘(“3 —as + = (ay —09)) Z):I}) (C1)
f,]w 2 f,]w

_ _ () « " SN "
M(B - n(/)Pl ) = \/iGFmp/(e : an)(fp’Ff " (mi/){vubvudal - thvzd[a4 + alO]} + f;(/)A(I); ’ (mzl(/)){vubvudaQ

fc " 1 m2 0]
+ Ve Vigar = = Vi Vigl as + 2(az — as) + 5 (ag — a7 — ay9) = (2a6 — Y
Vs I th tdl:a4 (a3 — as) 2(09 a7 = ay) — (2as a8)(mb + my)(m, + my)
I fro 1 S
X (/;7 - l)rn(r) + (d3 —das — ag + 09)+ + (Cl3 — das — 5(09 - 07)) Z ]}), (C2)
70 " T
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MB = K~ ) = VEGr Al mimy (e - Vi Vi

ma—
— V, Vis| as + ajg — 2(aq + K
Vil as+ a2 + 0 1l ©3)
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APPENDIX D: MATRIX ELEMENTS FOR B — Vp' DECAYS

M(B® — p=p't) = XEP PV, VE ) — Vi Vilag + ayl), (D1)
R0 0 /0 (B°p°,p") (B®p",p°) o * 1 3
:]Vl (B — pp ) = [X ’ + X ’ ] Vuqudaz + thV,d as — 56110 - 5(617 + (19) s (Dz)
N P 3
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. D
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