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Analysis of the rare semileptonic decays of B, to f,(980) and K;;(1430) scalar mesons
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We investigate the rare semileptonic decays By, — [f¢(980), K;(1430)]i" 1, (I = e, u, 7), and By —
[f0(980), K;;(1430)]v 7 in the framework of the three-point QCD sum rules. These decays are important to
study because the f(980) and K;(1430) are the scalar mesons with total spin 0 and even parity and the
quark content of them are still controversial in high energy physics. These rare decays occur at loop level
by electroweak penguin and weak box diagrams in the standard model via the flavor changing neutral
current transitions of b — d, s, and not allowed by tree level. Considering the effective contributions of

the nonperturbative parts of the correlation function, we calculate the relevant form factors of these

transitions. The branching fractions and longitudinal lepton polarization asymmetry are also investigated.
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I. INTRODUCTION

The scalar mesons with total spin 0 and even parity are
often produced in proton-antiproton annihilation, decays of
heavy flavor mesons, meson scattering, and ¢ radiative
decays. The light scalar mesons are important to study
because their quark content is still a common problem
for high energy physics and may be interpreted in a number
of different ways, for example, considering as a tetra quark
multiplet [1-3], or as a meson-meson molecules state [4—
8]. The light scalar mesons which have been observed by
experiment, with regard to their isospin value, are classified
as follows [9]:

(1) «(800) and K;;(1430) with isospin I = 1/2,

(2) a(600), £,(980), f,(1370), fo(1500), and f((1710)

with isospin I = 0,

(3) ay(980), ay(1450) with isospin I = 1.

It is most possible that all of the above mesons make up a
flavor nonet [9,10]. We would like to consider the f;,(980)
and K;(1430) light scalar mesons via the semileptonic
B, — [£(980), K;(1430)] transitions.

The flavor structure of the f;(980) meson has not been
known outright. It has been interpreted as a ss state [11-
13], as a four quark s5¢¢ state [1], and as a bound state of
hadrons [4,14]. The recently measured relative weight of
the D — f,(980)7" — 7"~ 7w decay [15] may serve as
a tool for the estimation of the 5§ component of the f;,(980)
meson. But the observation I'(j/¢ — f,(980)w) =
I'(j/¢ — f,(980)¢) indicates that the quark content of
f0(980) is not purely the s5 state, but should have non-
strange parts, too [16]. Therefore in the quark model,
£0(980) should be a mixture of s5 and uii + dd as [17]

| £5(980)) = cosf|s5) + % luii + dd). (1)
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In Ref. [16], analysis of the experimental data shows that
the mixing angle 6 lies in the ranges 25° < 6 < 40° and
140° < 6 < 165°. The mixing angle 35° < # < 55° was
found in Ref. [18].

The K;;(1430) is perhaps the least controversial of the
light scalar meson. Almost every model of scalar states
agree that K;;(1430) is dominated by the sii or sd state. The
predicted mass and bound state of the K;(1430) meson
from QCD sum rules approach is consistent with the si or
sd state, too [19].

The rare semileptonic B; — [f((980), K;(1430)]X
IT1~ /vy decays occur at loop level by electroweak pen-
guin and weak box diagrams in the standard model (SM)
via the flavor changing neutral current (FCNC) transitions
of b — d, s. Therefore the future experimental study of
such rare decays can improve the information about:

(i) precise values for the Cabibbo, Kabayashi, Maskawa

(CKM) matrix elements in the weak interactions,
(i1)) CP violation, T violation and polarization asymme-
tries in b — d, s penguin channels,
(iii) new operators or operators that are subdominant in
the SM,
(iv) establishing new physics (NP) and flavor physics
beyond the SM.
The FCNC decays of the B meson are sensitive to NP
contributions to penguin operators. So to test the SM and
look for NP, we need to determine the SM predictions for
FCNC decays and compare these results to the correspond-
ing experimental values.

The QCD sum rules have been successfully applied to a
wide variety of problems in hadron physics. So far the
semileptonic decays of B involving K(K*, K;) such as B —
KI"I™, B=K"I"1" [20], and B;— K;(1430){v [10] have
been studied in the framework of the three-point QCD sum
rules. Also, considering SU(3) symmetry and ignoring the
mass of u and d, the semileptonic B— K;;(1430)/* [~ de-
cay has been analyzed in this manner, before [21]. But in
this paper, the semileptonic B;—[f(980), K;;(1430)]/* 1~
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decays are investigated via SU ;(3) symmetry breaking. For
the stated purpose, the mass of the spectator s quark has
been considered in the expressions of the quark conden-
sates and spectral densities, therefore the spectral densities
and nonperturbative part contributions (in our case, quark
condensate) are different from those in Ref. [21].

For analysis of the above mentioned decays, using the
operator product expansion (OPE) in the deep Euclidean
region and considering the contributions of the operators
with dimension 3, 4, and 5, we calculate the transition form
factors of the semileptonic By — [f(980), K;;(1430)] de-
cays. Also, we consider the branching ratio values and
longitudinal lepton polarization asymmetry of these semi-
leptonic decays. Note that, to analyze the B; — f,(980)
transition, we consider only the |s5) state part of Eq. (1) for
the f,(980) meson.

This paper is organized as follows: The three-point QCD
sum rules approach for calculation of the relevant form
factors are presented in Sec. II. The contributions of
the nonperturbative part of the correlation function, cal-
culations of them, and the decay rate formulas for
B, — [f0(980), K;5(1430)]1% 1~ and B, — [f((980),
K;(1430)]vp decays are presented in Sec. III. The next
section is devoted to numeric results and discussions. In
this part, we report the branching ratio values of the
considered decays. For a better analysis, we plot the tran-
sition form factors and longitudinal lepton polarization
asymmetry related to these semileptonic decays with re-
spect to the momentum transfer squared ¢°.

II. THE QCD SUM RULES METHOD

At quark level, b — ¢'I*1™, (¢’ = d, s) transitions take
place via electromagnetic and Z penguin and W box dia-
grams in the SM and are not allowed in the tree level. These
loop transitions occur via the intermediate u, c, t quarks. In
the SM, the measurement of the forward-backward asym-
metry and invariant dilepton mass distribution in b —
g'l" [~ transitions provide information on the short dis-
tance contributions dominated by the top quark loops [22].

The rare semileptonic B, — SI*1~, (I = e, u, 7) and
B, — Svp decays, where S stands for the f(,(980) or
K;(1430) scalar meson, occur by the loop b — ¢'ll tran-
sitions. The electroweak penguin involving the contribu-
tions of photon and Z boson is shown in Fig. 1. It is
reminded that the b — ¢'v ¥ transitions receive contribu-
tions only from Z penguin and box diagrams. The effective
Hamiltonian responsible for these decays is described in
terms of the Wilson coefficients, C$f, CSif, and C) as

Gra _
H o = V| G107, — vo)bly 0

+ C1oq'y, (1 — y5)bly, vst

~ 20" Jicq (0 + yblyit] @
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FIG. 1. Semileptonic decays of B involving K;(1430) or
f0(980). Penguin diagram (a) for B, — K;;(1430)/"[* /v¥ and
penguin diagram (b) for B, — f,(980)" It /vp.

where G is the Fermi constant, « is the fine structure
constant at Z mass scale, and V;; are elements of the CKM
matrix. For the vv case, only the term containing Cy is
considered. The matrix elements of B, — SIT]~/vv de-
cays are calculated by inserting Eq. (2) between the initial
and final meson states:

f}“ Vv, [cgff<s(p'>|m<1 — 5)bIB,(p))

X €7;L€ + C10<S(P/)|q/'y#(] - '}’S)ble(P»
_ my
XLy, yst — 2C$ff?

M=

X (SN i g (1 + 75>b|Bs<p>>€y,L€]. 3)

We  consider the hadronic matrix  elements
SPHNG"y (1 = ys5)blB(p)) and (S(p")l7'io,,q"(1 +
vs)b|B,(p)) appearing in the above equation. Because of
the parity conservation, the vector current does not con-
tribute to the pseudoscalar-scalar hadronic matrix element,
ie.,

S(PHG'yublB(p)) =0, (S(pG'io,,q"b|By(p)) = 0.
4

From Lorentz invariance, these matrix elements can be
parametrized in terms of form factors in the following way:

S(PNG'y . vsbIBy(p)) = —i(P,f+(q*) + q,.f- (%),
&)

fT(qz)

mpg. + myg

[P.q*

<S(p/)|q/lo'#qu75b|Bs(p)> = o

— qu(my, —mg)], (6

where £, (%), f—(¢%), and f;(g?) are the transition form
factors, which only depend on the momentum transfer
squared g%, P, = (p + p'),, and q,, = (p — p'),,. Here,
we should mention that for the v case, the form factor
fr(g*) does not contribute since it is related to the photon
vertex (0 ,,9"7s)-

To calculate the form factors f.(g%), f_(g?), and
fr(g?), in the three-point QCD sum rules, we start with
the correlation function. The three correlation function can
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be constructed from the vacuum expectation value of the
time ordered product of interpolating fields and axial tran-
sition currents J4 and J7, as follows:

147 = 7 [[atdtye e OIS0 O (0H0)

(M

where Jg (x) = §ysb, Js(y) = §¢'. Jp (x) and J(y) are the
interpolating currents of the S and B; mesons and Jﬁ =
q'y,ysb and J], = §'o,,q"ysb are the axial transition
currents. For extracting the expressions for form factors
f+(g?) and f_(q?), we choose the coefficients of the
J

_OLIsIS(p)XS (P15 1By (p)XB,(p)IF 10)
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structures P, and g, from I14(p?, p?, ¢%), respectively,
and the structure ¢, from IT1% (p?, p"%, ¢*) is considered for
the form factor f;(g%). Therefore, the correlation functions
are written in terms of the selected structures as

4 (p? p%¢>)=U,.P, +1_gq,,

HT 2 2 2 =11 + (8)
w(P% ", q%) Tqu T ...

The phenomenological part of the correlation function
can be obtained by inserting the complete set of intermedi-
ate states with the same quantum numbers as the currents
Jg and Jp . As a result of this procedure

47 (p% p” %)

(mg — p*)(my_— p?)

+ higher resonances and continuum states 9

is obtained. The following matrix elements are defined in terms of the leptonic decay constants of the S and B, mesons as

. fBXmJZBX
OlJslS) = fms, OlJp |By) = —i———. (10)
my, + my
Using Egs. (5), (6), and (10) in Eq. (9), we obtain
fB.m%} fsm
HA( 2’ /2’ 2)= s s N ( z)rP + _( 2) ]’
W% P ) = ) G = p Y, = gy P T I .
SB m%. Sfsmg S (‘]2)
7 (p2 p2, ¢%) = [T 2P (2 — m> ]
,u(p p q ) (mb + ms) (mg _ p/z)(m%x _ pz) (mB: + mS) (q M (mBS ms)q,u,)
|
Now, we would like to calculate the QCD part of the 1 . 5 5
correlation functions. For this aim, we write each II; P> —m? — —2imd(p* —m?), (14)

function in terms of the perturbative and nonperturbative
parts as

IL(p? p? ¢*) = I (p% p2, ) + T (p2, p2. ),
12)

where i stands for +, —, and 7. For the perturbative part,
the bare loop diagrams (Fig. 1) are considered. In calculat-
ing the bare loop contribution, we first write the double
dispersion representation for the coefficients of the corre-
sponding Lorentz structures appearing in each correlation
function, as

1 P (s, s, ¢%)
HP“=——fd'fd ’
l em? ) )T = p?)

+ subtraction terms.

13)

The spectral densities p?“(s, s/, g%) are calculated by the
help of the Cutkosky rules, i.e., the propagators are re-
placed by Dirac-delta functions

expressing that all quarks are real. The integration region in
Eq. (13) is obtained by requiring that the argument of three
delta vanish, simultaneously. The physical region in the s
and s’ plane is described by the following inequalities:

2ss' + (s + 5/ — q2)(m,27 —m?—s) + 2s(m? — mz,)

A2, s qz)/\l/z(mi, m2, s)

= +1, (15)

where Ma, b, ¢) = a® + b + ¢ — 2ab — 2ac — 2bc.
From this inequality, to use in the lower limit of the
integration over s in Eq. (13), it is easy to express s in
terms of s/, i.e., s, is as follows:

(m3 + g* — mj — ") (mps' — g*m3)

(my, — q*)(mg — s')
Straightforward calculations end up in the following
results for the spectral densities:

(16)

SL
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pi(s, s’ q*) = —IhNAA + A"+ =2m[(2 + E; + Ey)m, + (1 + E; + Ey)m,/]

+ 2mb[(1 + El + Ez)ms + (E] + Ez)mql] + (El + EZ)M},

pi(s, 5", q*) = IpNAA — A"+ 2m[(E, — E, + Dmy + (E; — Ey)my]
—2my[(Ey — E, — D)mg + (E; — E))my] + (E, — E)u},
pi(s, ', q*) = IgNAA(my, — 2mg — my) + A'2mg — my, + my) + 2[m(E, — E; + 1) + my(E, — Ey)]s
+ 2[m,(E, — E;) + m(E, — E; — 1)]s' + (Ey — Ey)2m; — my, + my)u}, (17)
where
1 1
2y — D 2 2 A2 2 _ - _
Iy(s, s, q*) = m Als, ', g%) = s* + s + g* —2sq* — 25'q* — 255/, E, = m[Zs’A Alu],
1
E2=7)\(5, ¥ qz)[ZsA’—Au], u=s+s—q* A=s+m?—m3, A’=s’+m?—m§,, (18)

and N. = 3 is the color factor.

III. CONDENSATE TERM CONTRIBUTIONS

In this section, the nonperturbative part contributions to
the correlation function are discussed [Eq. (12)]. In QCD,
the three-point correlation function can be evaluated by the
OPE in the deep Euclidean region where p? <
(my + my)*, p* < (m3 + m?,). For this aim, we expand
the time ordered products of currents contained in the
three-point correlation function in terms of a series of local
operators with increasing dimension results in the follow-
ing form [10]:

- f d*xd*ye" P T{IIATTL }
= (Co)ul + (C3), W + (Cy) . G4 s GF
+(Cs), Voo g TGP + (C), VTV IT'W
+ ..., (19)

where (C;),, are the Wilson coefficients, G, is the gluon
field strength tensor, [ is the unit operator, W is the local
fermion field operator of quarks, and I" and I are the
matrices appearing in the calculations. Taking into account
the vacuum expectation value of the OPE, the expansion of
the correlation function in terms of local operators is
written as follows:

I, (p2 P ¢%) = Cy,, + C3, (W) + Cy,(G?)
+ Cs, (W0, g TGP W)
+ Co (WTYYI'W) + ... (20)

In Eq. (20), the first term is related to the contribution of
the perturbative part of correlation function and the rest
terms are related to the nonperturbative contributions of it.
The contribution of the perturbative part was discussed
before. Now we consider the condensate terms of dimen-
sion 3, 4, and 5. The condensate terms of dimensions 3 and

5 are related to contributions of quark condensate and
quark-gluon condensate, respectively. It is found that the
heavy quark condensate contributions are exponentially
suppressed by heavy quark masses and can be safely
omitted. The light ¢’ quark condensate contribution is
zero after applying the double Borel transformation with
respect to both variables p?> and p’?, because only one
variable appears in the denominator. Our calculations
show that in this case, the gluon condensate contributions
are very small in comparison with the quark condensate
contributions and we can easily ignore their contributions
in our calculations. Therefore only six important diagrams
remain from the nonperturbative part contributions. The
diagrams of the effective contributions of the condensate
terms are depicted in Fig. 2.

In our calculation, the following Borel transformations
are also used:

Y,(-75) 7,07 Y, (1=vs) g
Vs
S S
(a) (c)
q*(1+7s) 1+Ys 6,,a"(1+75) g
Vs

(e) (f)

FIG. 2. The diagrams of the effective contributions of the
condensate terms.

016009-4



ANALYSIS OF THE RARE SEMILEPTONIC DECAYS ...

1 m (—1)m e~ (my/M3)
B 2 M2 ( ) = >
Pz T T sy @1
B (M2)< : )n=(—1)" o /M
e e A OR DR

q

The next step is to apply the Borel transformations with
respect to the p*(p?> — M3) and p"*(p”> — M3) on the
phenomenological as well as the perturbative and non-
perturbative parts of the correlation functions and equate
these two representations of the correlations. The follow-
ing sum rules for the form factors f,(g?), f_(q*), and
fr(q?) are derived:

Folqt) = XD ot o L[
fo mB"'fsmS 4 (my +mq/)2

% '[so dsp/i(S, s qz)e—s/Mfe—S//Mg
SL

+ BIT™ (p?, p?, qz)}, (22)

o/

f(P) = (mh;_ my) em%x/M]zem%/M%{_Lz f\o s/
fp,mp fsms 47 J (mg+m

% j’so dsp/i (s, s, qz)e—s/Mfe—S//Mg
SL

+ BIw(p, p, ) 23)

(mb + ms)

fomlzBSmeS(mBS — myg)

1 /
47 (m +mq/)2 s

X e 5/M; 4+ éHr}onper(p2, P2, qz)}, (24)

2 2
mB\-/Ml em§/M§

fT(Clz) =

e

where s, and s, are the continuum thresholds and s; is the
lower limit of the integral over s presented in Eq. (16). Also
B is

B = B, (M})B,2(M3). (25)

The explicit expressions of the 117" (p?, p?, ¢*), i = +,
—, T of the quark condensate coefficients with dimen-
sions 3 and 5 are given in the Appendix.

In the above equations, in order to subtract the contri-
butions of the higher states and the continuum, the quark-
hadron duality assumption is also used, i.e., it is assumed

that
phighcr states(S, SI) — pOPE(S, S/)Q(S _ so)ﬁ(s’ _ S(/)) (26)

At the end of this section, we would like to present the
differential decay widths of the B, — SI*/~ and B, —
Svv decays. Using the parametrization of these transitions

PHYSICAL REVIEW D 80, 016009 (2009)

in terms of the form factors and amplitude in Eq. (3), we
get [23]

E(B s Spp) = AGEIV,y Vi Pmi o D, (x) 12
dg* " 28 sin*6y,
X 321, 7, 9If+ (@) (27)

where A = cos?6 for B, — f,(980) transition and A = 1
for B; — K(;(1430) decay. The functions D,(x,) and
¢(1, 7, 3) are given as

X, (2+x, 3x,—6 )
D,(x)="7 + Inx, ),
o) =% (xt e Sy
S, 78 =1+ + 352 —2p— 28— 275,
where
t m%}vr m%S: mlzgs,
and
dr _ _AGHIV V Pmy o? 1/2(1 » &
d_qz(B“' — ST = 3. 05 vp!/2(1, 7 §)
2[ L .
X [(1 + T>¢(1’ r, s)al + 12131],
Ky

(28)

P 2 /2 :
where [ = mj/m 5, and the expressions of «; and 3, and v
are given as

2

2 A eff 2
2 G |2 e fa @,

1+ 7

B = |clo|2[(1 . §)|f+(q2)|2

ay CSfff+(q2) +

+ (1= PRe( (P @) + 5317

where 7, = my,/myp .

IV. NUMERICAL ANALYSIS

This section encompasses our numerical analysis of the
form factors f(¢%), f_(q*), fr(¢?), branching fractions,
longitudinal lepton polarization asymmetries, and discus-
sion. The sum rules expressions of the form factors depict
that the main input parameters entering the expressions are
Wilson coefficients CST, CSf, and C); elements of the
CKM matrix V,,, V,, and V,;; leptonic decay constants
fB,s fx:» and f; Borel parameters M and M3, as well as
the continuum thresholds s, and s{. The values for the

quark and meson masses are given in Table I and other
input values are presented in Table II.
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TABLE I. Masses of quarks and mesons in MeV [24].

my mg my, My5,980)  MK;(1430) mp,

3.5-6.0 104728 4200710 980 = 10 1425 =50 5366.3 = 0.6

TABLE II. Input values in numerical calculations [24-30].
Names Values
csf —0.313
Cstt 4.344
Cio —4.669
A 07701
[V, (40.6 = 2.7) X 1073
[V,4l (7.4 £ 0.8) X 1073
fro80)(1 GeV) 370 £ 20
fK;(1430)(1 GeV) 445 + 50
fs, 209 *+ 38
my 80.41 GeV
m; (171.2 £ 2.1) GeV

PHYSICAL REVIEW D 80, 016009 (2009)

Note that the values of the decay constants of the
f0(980) and K;(1430) mesons have been obtained from
the QCD sum rules method at a fixed renormalization scale
of 1 GeV [25].

The expressions for the form factors contain also four
auxiliary parameters: Borel mass squares M7 and M3 and
continuum threshold s, and sj. These are not physical
quantities, so the physical quantities, form factors, should
be independent of them. The parameters s, and s{,, which
are the continuum thresholds of the B; and S mesons S =
f0(980), K;;(1430)), respectively, are determined from the
conditions that guarantee the sum rules to have the best
stability in the allowed M? and M3 region. The values of
continuum thresholds calculated from the two-point QCD
sum rules are taken to be s, = 35 GeV? [31] and s =
(1.6 = 0.1) GeV? for f,(980) [30,32] and s =
(4.8 = 0.8) GeV? for K;;(1430) [19]. The working regions
for M? and M3 are determined by requiring that not only
the contributions of the higher states and continuum are
effectively suppressed, but it guarantees that the contribu-

0.4
0.3
0.2

o

0.0

-0.1
-0.2+

-0.3

-0.4 T T T T T T

0.4

0.3

0.2

0.1
= 0.0
R e '

-0.2+4

-0.34

-0.4 T T T T T

FIG. 3. The dependence of the form factors on M% and M% for B, — f,(980) decay. The solid line corresponds to f,, the dashed line

f—, and the dashed-dotted line f7.

0.6

0.4+

0.2

= 004

024 . . —-

-0.4-

-0.6

0.6

0.4+

0.24

= 004

-024—-

-0.4

-0.6

FIG. 4. The dependence of the form factors on M % and M% for B; — K;;(1430) decay. The solid line corresponds to the f,, the dash

line f_ and the dash dot line f;.
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TABLE III.  The values of the form factors at g*> = 0 for M? =
18 GeV? and M3 = 7 GeV>.

B, — £,(980) B, — K;(1430)
f+(0) 0.12 £0.03 0.25 = 0.05
f-(0) —0.07 = 0.02 —0.17 £ 0.04
fr(0) —0.08 £0.02 —0.21 = 0.04
TABLE IV. Parameters appearing in the form factors for M3 =

18 GeV2, M3 =7 GeV2.

B, — £,(980) B, — K;(1430)
£(0) @ B f(0) o B
f+ (qz) 0.12 1.05 —0.06 0.25 1.22  0.17

f-(¢*») -007 —125 078 —0.17 —1.60 0.16
fr@» —0.08 —1.06 023 -021 -—-1.50 0.10

tions of higher dimensional operators are small. Both con-
ditions are satisfied in the regions 12 GeV? = M? =
25 GeV? and 4 GeV? = M3 = 10 GeV?.

The dependence of the form factors f, f_, and f7 on
M? and M3 for By — f(980)/" I~ /v are shown in Fig. 3,
respectively. Figure 4 also depicts the dependence of the
form factors on Borel mass parameters for B, —
K;(1430)1" 1" /vp.

These figures show a good stability of the form factors
with respect to the Borel mass parameters in the working
regions. Our numerical analysis shows that the contribu-
tion of the nonperturbative part is about 19% of the total
and the main contribution comes from the perturbative part
of the form factors.

The values of the form factors at g> = 0 are given in
Table III.

In Ref. [10], the value of the fﬁx
previously calculated and is given as 0.24.

—H;(1430) (0) has been

PHYSICAL REVIEW D 80, 016009 (2009)

The sum rules for the form factors are truncated at about
7 GeV? and 5 GeV? below the perturbative cut for the
By — f0(980) and By — K;;(1430) decays, respectively,
so to extend our results to the full physical region, we
look for parametrization of the form factors in such a
way that in the region 0 = ¢* = (mp_— mg)? this parame-
trization coincides with the sum rules prediction. Our
numerical calculations show that the sufficient parametri-
zation of the form factors with respect to g? is

filg*) = $,
agq + Bq

where § = g*/mj . The values of the parameters f;(0), a,
and B are given in the Table IV. The dependence of the
form factors f, (g?), f—(g?), and f7(g?) on ¢ are given in
Figs. 5 and 6 for the B; — f,(980) and B, — K;;(1430)
decays, respectively. These figures also contain the form
factors obtained via 3PSR [see Egs. (22)—(24)]. The form
factors and their fit functions coincide well in the interval
0=g%=11 GeV2.

Now we would like to present the values of the branch-
ing ratios for the considered decays. Integrating Eqgs. (27)
and (28) over g2 in the whole physical region and using the
total mean life time 75 = 1.466 = 0.059 ps [24], the
branching ratios of the B; — f,(980)/*/~ /vy and B, —
K;(1430)["1~ /vp are obtained. The differential decay
branching ratios for the B, — SI"1~ /v decays as func-
tions of ¢ are shown in Figs. 7-12. Also the branching
ratio values of these decays are obtained as presented in
Table V, when only the short distance effects are consid-
ered. It should be remarked that our values for the branch-
ing ratios of the B, — f,(980)/" 1~ /vv decays are related
to 25° = 0 = 55°.

Note that, the long distance (LD) effects for the charged
lepton modes are not included in the values of Table V.
With the LD effects, we introduce some cuts close to q2 =
0 and around the resonances of J/ i and ' and study the

(29)

0.5

-0.08

04 -0.09

-0.10
+ -
W 03 “~ -0.11

-0.12+

0.2
-0.134

-0.10

-0.12

o -0.144

-0.16

-0.18

-0.20

FIG. 5. The dependence of the form factors on ¢> at M % = 18 GeV? and M% =7 GeV? for the B, — f(980) transition. The small
boxes correspond to the form factors, the solid lines belong to the fit parametrization of the form factors.
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FIG. 6. The dependence of the form factors on ¢ at M% = 18 GeV? and M% = 7 GeV? for the B, — K;(1430) transition. The small
boxes correspond to the form factors, the solid lines belong to the fit parametrization of the form factors.
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FIG. 10. The dependence of the differential decay branching
FIG. 8. The same as Fig. 7 but for the B, — f,(980) ™ ™. fraction of the B, — K;;(1430)7% 7~ decay on ¢>.
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FIG. 11. The same as Fig. 10 but for the B,—
Ky(1430)w* ™.

FIG. 12. The same as Fig. 10 but for the B, — K;;(1430)v 7.
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three regions as follows:

I a2 = @ = My, — 0.20,
I M, + 0.04 = @ = My — 0,10,

: My +0.02 < \/; =mg —mp,, (30)

where ‘/qrzmn = 2m,. In Table VI, we present the branching

ratios in terms of the regions shown in Eq. (30).

The errors are estimated by the variation of the Borel
parameters M3 and M3, the variation of the continuum
thresholds s, and sg, the variation of b and s quark masses,
and leptonic decay constants fp , f K and f . The main
uncertainty comes from the thresholds and the decay con-
stants, which is about ~18% of the central value, while the
other uncertainties are small, constituting a few percent.

Finally, we consider the longitudinal lepton polarization
asymmetries for these decays. We have [23]

2v
Py = 5 =
(1 + %)d)(], f‘, §)a’1 + ]2[51

2C7fT(q2)
1+ 7

Re[¢(1, 7 5)

JCIAGE Jicwr @] 6o

where v, I, 7, §, ¢(1, 7, §), a;, and B, were defined before.
The dependence of the longitudinal lepton polarization
asymmetries of the B, — K;;(1430) and B; — f,(980) de-
cays on the transferred momentum square g are plotted in
Figs. 13 and 14 in the region 0= g¢? =< (mp —
myg)? GeVZ. Note that the results for the electron modes
are similar to those for the muon modes.

TABLE V. Our values for the branching fractions of the mentioned decays by considering M % = 18 GeV? and M% =7 GeV?. The
branching fraction values of the B, — f(980) transitions correspond to 25° = # =< 55°.

Mods Br

Mods Br

By — fo(980)vy (0.56-1.38) X 1077
By — f(980)e " e” (0.82-2.03) X 1073
By — fo(O80)u " ™ (0.81-2.02) X 1073
By — f,(980)7" 7~ (2.01-4.96) X 107°

B, — K;(1430)vi (2.48 = 0.62) X 1078
B, — K;(1430)e"e™ (0.72 = 0.20) X 1078
B, — Kj(1430)u* ™ (0.71 = 0.20) X 10°8
B, — K;(1430)7+ 7~ (3.53 = 0.88) x 10710

TABLE VI. The branching ratios of the semileptonic B, — K;(1430)/"I~ /vp and B, — f(980)/*[~ /v¥ decays including LD

effects.

Mods 1

II

11T

Br(B, — f,(980)e*e™) (0.50-1.31) X 1078
Br(B, — f5(980)u™ ™) (0.49-1.29) X 1078
Br(B; — f,(980)7777) undefined
Br(B, — K;(1430)e™e™) (0.52 £0.13) x 1078
Br(B, — K;(1430)u* ™) (0.52 +0.13) X 1078
Br(B, — K;(1430)7%77) undefined

(1.38-3.39) X 10~°
(1.37-3.37) X 10~°
(0.50-2.88) X 10~°
(1.13 = 0.28) X 107°
(1.12 £ 0.27) X 107°
(0.79 = 0.20) X 10710

(0.64-1.58) X 107°

(0.63-1.57) X 107°

(1.68-4.12) X 107°
(0.51 =0.13) x 10710
(0.50 £ 0.12) x 10710
(1.31 £ 0.33) X 10710
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FIG. 13.
and the right belongs to the B, — f,(980)7 7~.

Any experimental measurements on the branching frac-
tions of these decays and those comparisons with the
results of the phenomenological models like QCD sum
rules could give valuable information about the nature of
the £((980) and K;;(1430) mesons and strong interactions
inside them.

In summary, we considered the B, — f,(980)(" [~ /v
and By — K;;(1430)/" 1~ /vv channels and computed the
relevant form factors considering the contributions of the
quark condensate corrections. We also evaluated the total
decay widths and the branching fractions of these decays.
Finally, The dependence of the longitudinal lepton polar-
ization asymmetries of the B, — [f(980), K;;(1430)] de-
cays on the transferred momentum square g were plotted.
Detection of these channels and their comparison with the

Longitudinal lepton polarization asymmetry on ¢2. The left figure shows this quantity for the B, — f,(980)u™ .~ decay

phenomenological models like QCD sum rules could give
useful information about the structure of the f,(980) and
K;(1430) scalar mesons.

ACKNOWLEDGMENTS

Partial support of the Shiraz University research council
is appreciated. R. Khosravi would like to thank K. Azizi for
his useful discussions.

APPENDIX

In this Appendix, the explicit expressions of the coef-
ficients of the quark condensate entering the sum rules of
the form factors f;(¢?), (i = +, —, T) are given.
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FIG. 14. Longitudinal lepton polarization asymmetry on ¢>. The left figure shows this quantity for the B, — K§(1430)u™ u™ decay

and the right belongs to the B, — K;(1430)7+ 7.
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2 2 2m 3 2.3 2 2
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+ \PLpPo4 s 7 7 7 20 2.2 27 27
2rr" 3 rr 6 rr 12 rr 12 rr 6 r°r 3 rér
2 2 3,2 2.3 3.2 3,2 3.2
1 mgm,= 1msmg™ 1 m,mg™ 1 mg=m,”> 1M Ms™ 1 my, mg= 1 Mgm
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12 22 2 rrl3 4 rrl3 4 r2r? 4 r2rl? 4y
2.2 2 2 2.2
_ l myq-m 1 m, mymg”= l my=my, mq/}
4 P2 2 P 4 P ’
1 m2m 1 mm2 1 m2m3  1mgPmy  1mom,2 1mgm? 1w 3m?2
Hrionper(p2 p/z (]2) =<s§>{— o™ 1 g 1 o " [ /et b ) LS g - s
6 rr'? 12 252 12 2/ 6 ri 4 ry! 4 2 2 1
2 3 3 2 3 2 3 2 2 3 2 2
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2 2 2 2 2.2 2, 2
l mgmymy l mgmym i my“mpyq i my“mgq l mpn ~mg l mpm ,~ny,
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4,2 4.2 2. 4 2,2
+1mq, mg _lmb4msz mytmsT 1 mgTm,t 1 m,’m? 1m,"my _lq2ms2
2 2 2 2 rr'3 2 3 2 2y 2 2y 2 2y
2 2. 2,2
_ Umgmymy 1 msmpmy”™ 1 mg 1 mgPmy gt 1 Mgy 1 my mym,
2 rr'? 2 2 4 rr 6 FE2 6 2 6 rr'?
2. 2.2 2. 2.2 2 2
1 my*mym, _omytmTmg L mytmtmy m, g m,> CLmytgtmgt mytmmmg
6 rr'3 2 rr'3 2 2 2 2 P
2. 2,2
1 my*m_*m }
_! q
2 P ’
where r = p? —m3, r' = p"> — m?, m} = 0.8 £ 0.2 GeV?, (s5) = (0.8 = 0.2)(uit), and (uir) = —(0.240 = 0.010 GeV)?

that we choose the value of the condensates at a fixed renormalization scale of about 1 GeV.
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