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Abstract In this paper, we study the three-body decays
BO/B_? — 1 fo(X) — nemtr~ by employing the per-
turbative QCD (PQCD) factorization approach. We evalu-
ate the S-wave resonance contributions by using the two-
pion distribution amplitude <I>7Sm. The Breit-Wigner for-
mula for the fy(500), fo(1500), and fo(1790) resonances
and the Flatté model for the f;(980) resonance are adopted
to parameterize the time-like scalar form factors Fy (@?).
We also use the Bugg model to parameterize the f;(500)
and compare the relevant theoretical predictions from dif-
ferent models. We found the following results: (a) the
PQCD predictions for the branching ratios are B(B? —

N fo(500) [t~ 1) = (1.53fg;§§) % 107 for Breit-Wigner
model and B(BY — 1. fo(500)[x T ]) = (2.31f8;2§) x
107 for Bugg model; (b) B(B; — nefo(X)[xTn~]) =
(5.021‘{:33) x 107 when the contributions from fy(X) =

(f0(980), fo(1500), fo(1790)) are all taken into account;
and (c) The considered decays could be measured at the
ongoing LHCDb experiment, consequently, the formalism of
two-hadron distribution amplitudes could also be tested by
such experiments.

1 Introduction

Several years ago, some three-body hadronic B — 3n")
(h,h' = m, K) decays have been measured by BaBar
and Belle Collaborations [1-4] and studied by using the
Dalitz-plot analysis. The LHCb Collaboration reported, very
recently, their experimental measurements for the branching
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ratios and sizable direct CP asymmetries for some three-body
charmless hadronic decays BY — KTKTK~, KTK*tm~,
KTntn~, and m Tt~ [5-7], the three-body charmed
hadronic decays B — J/yntx~ [8-13] and BT —
J/ oK™ [14,15], or the decays BY — J/yK+tK~,
J/Wep, DO°K~mt [10-12,16]. The large localized CP
asymmetry observed by LHCDb brings about new challenges
to experimentalists and their traditional models to fit data,
and it also has invoked more theoretical studies on how to
understand these very interesting three-body B/B; meson
decays.

On the theory side, the three-body hadronic decays of
the heavy B/B; meson are much more complicated to
be described theoretically than those two-body B/B; —
hihy (here h; refer to light mesons m, K, p, etc.) decays.
During the past two decades, such two-body hadronic
B/B; meson decays have been studied systematically and
successfully by employing various kinds of factorizations
approaches. The three major factorization approaches are
the QCD-improved factorization (QCDF) [17-22], the per-
turbative QCD (PQCD) factorization approach [23-34] and
the soft-collinear-effective theory (SCET) [35-39]. For most
B/B; — hih, decay channels, the theoretical predictions
obtained by using these different factorization approaches
agree well with each other and also turn out to be well con-
sistent with the data within errors.

For B/ B; three-body hadronic decays, however, they do
receive both the resonant and the non-resonant contributions,
as well as the possible final state interactions (FSIs), while
the relative strength of these contributions are varying sig-
nificantly for different decay modes. They are known exper-
imentally to be dominated by the low-energy resonances on
nr, KK and K channels on Dalitz plot, usually analyzed
by employing the isobar model in which the decay ampli-
tudes are parameterized by sums of the Breit—Wigner terms
and a background, but without the inclusion of the possible
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Fig. 1 Typical Feynman diagrams for the three-body decays Bg — nen T~ with ¢ = (d, 5), and the symbol e denotes the weak vertex

contributions from the coupled channels and the three-body
effects such as the FSIs. In fact, the three-body hadronic
B/B; meson decays have been studied for many years for
example in Refs. [40-55] by employing the isobar model
and/or other rather different theoretical approaches, but it is
still in the early stage for both the theoretical studies and
the experimental measurements of such kinds of three-body
decays. For example, the factorization for such three-body
decays has not been verified yet, and many important issues
remain to be resolved.

In Ref. [45], for instance, the authors studied the decays of
B — Knmm by assuming the validity of factorization for the
quasi-two-body B — (Km)s pm — Kmm and introduc-
ing the scalar fOK 7 (¢?) and vector flk’” (¢*) form factors to
describe the matrix element < K~ 7 V|(5d)y_4|0 >. From
the viewpoint of the authors of Ref. [46], a suitable scalar
form factor could be developed by the chiral dynamics of low-
energy hadron—hadron interactions, which is rather different
from the Breit—Wigner form adopted to study B — om.

In Refs. [47-49], the authors calculated the branching
ratios and direct CP violation for the charmless three-body
hadronic decays B — 3h with h = (;r, K) by using a simple
model based on the factorization approach. They evaluated
the non-resonant contributions to the considered decays in
the framework of heavy meson chiral perturbation theory
(HMChPT) with some modifications, while describing the
resonant contributions by using the isobar model in terms of
the usual Breit—Wigner formalism. The strong phase ¢, the
parameter anr and the exponential factor e ~NRPE(PitP))
are introduced in their work [49] in order to accommodate
the data.

In PQCD factorization approach, however, we study the
three-body hadronic decays of the B meson by introducing
the crucial non-perturbative input of the two-hadron distri-
bution amplitude (DA) &, 1, [56] and use the time-like form
factors to parameterize these two-hadron DAs. In our opin-
ion, a direct evaluation of hard b-quark decay kernels, which
contain two virtual gluons at leading order (LO), is power-
suppressed and not important. When there is at least one pair
of light mesons having an invariant mass below O(Amp)
[40] (here A = mp—my being the B meson and b quark mass
difference), the contribution from this region is dominant.
The configuration involves two energetic mesons almost col-
limating to each other, in which three-body interactions are
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expected to be suppressed. However, the relative importance
of the contributions from the two hard gluon exchanges and
from the configuration with two collimating mesons still
depend on specific decay channels and kinematic regions
considered. It seems reasonable that the dynamics associated
with the pair of mesons can be factorized into a two-meson
distribution amplitude ®y, 1, [56]. One can describe the typ-
ical PQCD factorization formula for a B — hihoh3 decay
amplitude as the form of [40,41]

A:¢B®H®q)h1h2®q)h3s (1)

where the hard kernel H describes the dynamics of the
strong and electroweak interactions in three-body hadronic
decays in a similar way as the one for the two-body hadronic
B — hyh; decays, the functions ® g, &y, 1, and @y, are the
wave functions for the B meson and the final state mesons,
which absorbs the non-perturbative dynamics in the process.
Specifically, &y, p, is the two-hadron (k1 and h3) DAs pro-
posed for example in Refs. [56-59], which describes the
structure of the final state 11 — &> pair, as illustrated explicitly
in Fig. 1.

By employing the PQCD approach, the authors of Ref. [60]
studied the B* — 7*7 7~ and K*7t 7~ decays, evalu-
ated the direct C P asymmetries by fitting the time-like form
factors and the rescattering phases contained in the two-pion
distribution amplitudes to relevant experimental data, the
resulted PQCD predictions agree well with the LHCb mea-
surements [5,6]. In Ref. [60], however, only the non-resonant
contributions to the time-like form factors were taken into
account, the regions involving intermediate resonances are
not considered. In the new work [61], by parameterizing the
complex time-like form factors which include both resonant
and non-resonant contributions, the authors studied the three-
body decays By — J /¥ fo(980)[ f0(980) — mtm~] and
By — f0(980)[ f0(980) — mtmw~|ut ™ decays by using
the S-wave two-pion DAs.

In recent years, significant improvements for understand-
ing the heavy quarkonium production mechanism have been
achieved [62]. The meson 7, and J/y have the same
quark content but with different spin angular momentum.
Following Ref. [61], we here will study the three-body
hadronic decays B?S) = nefo = nlfo — wtnl
We will consider the S-wave resonant contributions to the
decay B — 1. fo(500) — ne(wrtm™), as well as the
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decays B — ncfo(X) — ne(atrT) with fo(X) =
(f0(980), fo(1500), fo(1790)). Apart from the leading-
order factorizable contributions, we also take into account the
NLO vertex corrections to the Wilson coefficients. In Sect. 2,
we give a brief introduction for the theoretical framework and
present the expressions of the decay amplitudes. The numer-
ical values, some discussions, and the conclusions will be
given in the final two sections.

2 The theoretical framework

By introducing the two-pion DAs, the B?S) — new T
decays can proceed mainly via quasi-two-body channels
which contain scalar or vector resonant states as argued in
Refs. [40,60]. We first derive the PQCD factorization for-
mulas for the Bg) — nem T~ decays with the input of
the S-wave two-pion DAs. We made an hypothesis that the
leading-order hard kernel for three-body B meson decays
contain only one hard gluon exchange as depicted in Fig. 1,
where the B® or B? meson transits into a pair of the 7+ and
7~ mesons through an intermediate resonance. Figure la, b
represent the factorizable contributions, while the Fig. 1c, d
denote the spectator contributions.

In the light-cone coordinates, we assume that the light
final state “two pions” and 7. is moving along the direction
of ny = (1,0,0r1) and n_— = (0, 1, Or), respectively. The
B?S) meson momentum p g, the total momentum of the two
pions, p = p1 + p», and the n. momentum p3 are chosen as

mp mp 2
= (1’ 130 )’ = (1 —-r, ’O )7
PB _ﬁ T p _\/5 n,ur
p3 =227, 01) @)

where mp denotes the B( ) meson mass, the variable 7 is
defined as n = a)z/ [(1 — rz)m%] with the mass ratio r =
my, /mp, the variable 7 = 1 — n and the invariant mass
squared w? = p? = m? (w7 ~) of the pion pair. As shown
in Fig. 1a, the momentum kg of the spectator quark in the B
meson, the momentum k = zp™* and k3 = x3p3 are of the
form of

m
kp = (0, TZXB, kBT) )

k=zpt = (m%z(l — r2), 0, kT> ,

k3 = x3p3 = (77 X3, anz,k3T> 3

where the momentum fraction x g, z, and x3 run between zero
and unity. The wave function of B/B; meson can be written
as [23-26,63]

bp = (P +mp)yspp(ky). 4

1
V2N,

Here we adopt the B meson distribution amplitude
¢p(x, b) in the PQCD approach widely used since 2001 [23—
26,63]

M2 x2 1
¢5(x,b) = Ngx*(1 — x)%exp [— b — S b)? |,
ZwB

&)

where the normalization factor Np depends on the value of
wp and fp and defined through the normalization relation
fol dx ¢p(x,b = 0) = fB/(Z\/E). wp is a free parameter
and we take wp = 0.40 £ 0.04 GeV and wp, = 0.50 £ 0.05
GeV in the numerical calculations.

For the pseudoscalar meson 7., its wave function can be
written as

1
\IJ’hr mys [ﬁ?’ Wu + my,. lps] s (6)

here the twist-2 distribution amplitude ¥, and the twist-3
distribution amplitude ¥ take the form of [64]

Coss fu o[ x=x 1"
Yy(x) = 9.582mx(1 X) [1 —2.8x(1 —x)i

B Fre x(1 —x) 07
Ipx(x)_1972\/2_1\/C|:1—2.8X(1—x):| ’ (7)

where f;,_ is the decay constant of 1. meson.
The S-wave two-pion distribution amplitude ®3
been defined in Ref. [65]

have

cbgn’:m[bcblljvg (Z;CU)
+00]70 ¢, 0?) + o~ DL @ 5 o],
()

where ¢ = p| +/pt is the momentum fraction of the 7 in
the pion pair, the asymptotic forms of the individual DAs in
Eq. (8) have been parameterized as [56-59]
9F;(@?)
a
V2N,
Fy (wZ)
22N:’
F (wZ)
1 —22), 9
3 m( ) )
with the time-like scalar form factor F;(w?) and the Gegen-
bauer coefficient a2_0 For simplicity, we here denote the dis-
tribution amplitudes <I>Uv__ (z, ¢, w?), @I 0(z, Z, »?) and
CD,IV 0+ (z, ¢, a)z) by ¢o, ¢s and ¢;, respectively.
Following the LHCb Collaboration,[8—10,13]1 we also
introduce the S-wave resonances into the parametrization of

(D[ 0_=¢0:

vV=

170201 — 2)(1 — 22),

o= = ¢ =

1=0 _
q)tv =+ = =¢r =

! In their analysis [8-10,13], the LHCb Collaboration used the Flatté
model [66] for the description of f(980), the Breit—-Wigner model for
fo(1500) and f(1790).

@ Springer
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the function F;(w?), so that both resonant and non-resonant
contributions are included into the S-wave two-pion wave
function CDgﬂ. For the s5 component in the By — ne.ntmw™
decay, we take into account the contributions from the inter-
mediate resonant f;(980), fo(1500) and fp(1790) as in
Ref. [13]. We use the Flatté model [66] for f(980) as given
in Eq. [18] of Ref. [13], and the Breit—-Wigner model for
Jfo(1500) and f(1790). The ss component of the time-like
scalar form factor Fj (wz), consequently, can be written as
the form of

2 i0)
_ C1Im% 9g0)€
Fsss(w2) _ f0(980)

m?fo(ggo) —w? - im £,(980)(§xx Prw + KK PKK)

) i
217 (1500)€
+ So( )

2 ;
m% 1500y — @2 = im 1500 T £y (1500) (@)

2 603
C3mf0(1790)e

+ (10)

5 , :
Mm% (1700 — @ = im 1790 T f51790) (@)

here the three terms describe the contributions from f,(980),
f0(1500), and fp(1790), respectively. All relevant parame-
ters in the above equation are the same as those having been
defined previously in Refs. [13,61,67], such as

m fy080) = 0.97GeV,  grz =0.167, gxx =3.47gxx,
m fy1500) = 1.50GeV,  m 7 1790) = 1.81 GeV. (1)

We assume that the energy-dependent width I'(w?) for a
S-wave resonance decaying into two pions is parameterized
in the same way as in Ref. [68],

1

5 ms | w? —4m% 2 5
M) =Ts = (S =—""2) F2, (12)
w my —4m121

with the pion mass m,; = 0.13 GeV, the constant width
s with I's = 0.12,0.32 GeV for f(1500) and f;(1790),
respectively, and the Blatt—Weisskopf barrier factor Fr = 1
in this case [10]. )

For the dd component F?(w?), only the resonance
fo(500) or the so-called o meson in the literature is rel-
evant. Because the resonance fp(500) is complicated and
has a wide width, we here parameterize the f,(500) con-
tribution to the scalar form factor for the dd component in
two different ways: the Breit—Wigner and the Bugg model
[69], respectively. Following Refs. [8,9,67], we first adopt
the Breit-Wigner model with the pole mass m £, (s00) = 0.50
GeV and the width I ¢, 500) = 0.40 GeV,

Fld(0?) =

2
M4 (500
5 f0(500) (13)

m 4 (500) — w? = im f,500) T fy (500 (@0?)

The parameters c, c;, and 6; with i = (1, 2, 3) appeared
in Egs. (10) and (13) have been extracted from the LHCb
data [13],

@ Springer

c1 =0.900, ¢ =0.106, c3 =0.066, c = 3.500,
T T
0p=——, bh=—, 03=0. 14
1 > 2=7 3 (14)

Second, we parameterize the form factor of f,(500) with
the Bugg resonant lineshape [69] in the same way as in
Ref. [70]

Ti1(s) = M Ty (s) [Mz—s—g2 e LOENIUS]

1 M2 — SA
4 —1
—iM ) T; (s)i| , (15)
i=1

I+p1
the functions g%(s), [';(s) and other relevant functions in
Eq. (15) are the following:

where s =w? = m*(w ™), ji(s) =% [2 + p11n (ﬂ)],

g3(s) = M(by + bas) exp[—(s — M?)/A],
MTI) = g6) g s pi(o)
M Ta(s) = 0.6g7(s)(s/M?) exp(—als — 4m%|)p2(s),
M T3(s) = 0.2g7(s)(s/M?) exp(—als — 4m; |)p3(s),

M Ty(s) = M gar pax(s)/pax(M?), with par(s)
= 1.0/[1 4 exp(7.082 — 2.8455)]. (16)

For the parameters in Egs. (15) and (16), we use their
values as given in the fourth column of Table I in Ref. [69]:

M =0953GeV, s4=041m2, b =1.302GeV?,
by = 0.340, A =2.426GeV?, g4z =0.011GeV. (17)

The parameters p; 2,3 in Eq. (16) are the phase-space fac-
tors of the decay channels 7, K K and nn, respectively, and
have been defined as [69]

2
pi(s) = /1 _4%, (18)

withm| = my, my = mg and m3 = m,,.

The differential decay rate for the B,) — .7~ decay
can be written as [67]
ds _  olpillpsl

A%, 19
do B4(27‘r)3m%| | (19

where @ = m(z ™), |p1] and |p3| denote the magnitudes
of the 7T and 7. momenta in the center-of-mass frame of
the pion pair,

1
Pl = 5y —dm2s,

1
3l = 5y [ = @+ m, 7] [, — (@ = my )2, 20)
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The decay amplitude for the decay Bg) — et is of
the form

ABYy = nert ™) = Vi Veaes) (FLL i MLL)
— Vi Vias) (F/LL + FLR
+M/LL+MSP>, Q1)

where the functions FLL, F’LL and FLR (MLL pM/EL and
MZLR) denote the amplitudes for the B/B; meson transition
into two pions as illustrated by Fig. 1a, b (Fig. 1c, d):

1 [ee)
FLL = sncpm‘}gfnc/o dedz/O bg dbg b db ¢g(xp, bg)

X { [\/ (1= r2)[[(1 = 22)ij + r2 (1 + 22 s
—(r*(1 = 220)) + (22 — Di)gy]

—[ = A+ 27+ 20 4227 — 21) — r4zfl]¢o}

xay(tq) Ee(ta) ha(xp,z,bp,b)
+[2\/n(1 —)[rtm —xp) + (1 — r?)if] s
—( =i+ 20 - xB>]¢o]

xay(tp) Ee(tp) hp(xp,z, bp, b)}, (22)

F/LL = FLL|a1—>a2, FLIR = _FLL|a1—>a3s (23)

ML = 327tCFm}§/«/6/ dxpdzdxs
0

00
X / debB b3db3 ¢B(XB» bB)
0

X{[\/n(l =) [P + (= =D2e,

—[2r2(1 = )it + (1= )z = P xn s — A
+(@i 4+ rH[(1 = rH) (1 = x3 — xp) +x3(1 — 2r)n
—(1 =3 (1 =20+ r’n]vuo

—rre(1 — r2 + U)I/fx¢0:|C2(tc) Ey(tc) he(xB, z,x3,bp, b3)

+[,/n(1 - rl)[[2r2x3ﬁ — x5 + 2(1 = )il |y
+z(1 = )i + rZXB]Wuqbz]

—[ii + 2 — D[x37 — xp + r’x3 + 2(1 — r2>]m¢o]
xC(ta) En(ta) ha(xp. 2. x3. bp. b3)}, (24)

ILL LL
M™" = M™"|cy>c4+C10

(25)

1
MSP = 3zncFm‘,§/f6/ dxp dz dx3
0

o0
x /0 bydbp badbs ¢5(xp. bg)

x{[,/na - rZ)[[er(l —x3)i 4 z2(1 = r?)j

_rsz]lZ’v% - 4rrclﬁs¢s]

0 =) [t = )i+ r2xp | gy

—[ (—r2 + 1+ 2r2n) [(l — x3)r2 +z(1 — r2)

+(1 = x3)7) — x5 |Yvdo

—rre(l+n— rz)‘l’s¢0j|i| [Ce(te) + Cs(tc)]

X En(te) he(xp, 2z, x3, bp, b3)

—[\/n(l = )| [2r2x3i + (1 = )z — rxg |us
a1 = )i+ r2xp]ve ]

—? + D[4 = )3l = xg) + 2302

+n2(1 = rz)]‘l’v¢0:|

x [Ce(1q) + Cg(ta)] En(1q) ha(xp. z,x3,bp, b3)},

(26)

where Cr = 4/3,r. = m./mp, and a; are the combinations
of the Wilson coefficients C;:

C Cs+C
01=C1+?2, 612=C3-|—C9+u

T
Co+C
a3 = Cs+ C7 + 63 Ly 27

The explicit expressions of the evolution factors (E.(,),
E.(tp), E,(t.), E, (1)), the hard functions (h,, hp, he, hg)
and the hard scales (¢, tp, t., t;), appeared in Egs. (22)-(26),
can be found in the appendix of Ref. [61].

For the factorizable emission diagrams Fig.1a, b, the NLO
vertex corrections can be taken into account through the
inclusion of additional terms to the Wilson coefficients [17—
19,71,72]. After the inclusion of the NLO vertex corrections,
the Wilson coefficients aj, a», and a3 as defined in Eq. (27)
will be modified to the following form:

6In 2t _9g
n

6 1
L e f dxx/w(x)g(x)” 28)
fnc 0

Ca(p) + Cio(w)
3

x {1 L 2o [6111@ —9
3 %

6 1
L Y6 f dx%(x)g(x)“ , (29)
fnc 0

ar(n) = Cr(p) +

3

Ca () {
1+
3

205 (L) |:

az(pn) = C3(u) + Co(u) +

@ Springer
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1000

—— 1 (980)
——f,(1500)
----- £,(1790)

N

o

o
T

dB/de (10° GeV")

0.8
o=m(n'r ) (GeV)
(@)
Fig. 2 The m(n*m~)-dependence of the differential decay rates

dB/dw for a the contribution from the resonance fy(980), fo(1500)
and fp(1790) to B? — new T~ decay, and b the contribution from

Co () + Cg(1)
3

2
x {1 _ 2w [6111@—3
37 %

1
+ ﬁ/ dxyry (x)g(1 —x)j“.
fr]c 0

Since the emitted meson 7. is heavy, the terms propor-
tional to the factor z = m%c / m2B cannot be neglected. One
therefore should use the hard-scattering functions g(x) as
given in Ref. [73] instead of the one in Ref. [71],

az(pn) = Cs(u) + C7(u) +

(30)

glx) = 3 =2x) In[x] +3[In(1 — z) — i7] — 2z(1—x)
Loy I —zx
_2xZ(1n[1 — Z] — 17'[) B x2Z2(1n[1 _ Z] B l7‘[)
I -1 —-x)z (1—(1—2x)2)?

x2 nfxz] X o I—x
M T T 0 =092 T (—x22

+2xz1n[xz] |: 31

1 1
1-1—-x)z 1—xz]|’
where z = m%c/m%. For By — n.w T~ decay, the mass
mp in the above equations should be replaced by the mass
mp

s

3 Numerical results

In numerical calculations, besides the quantities specified
before, the following input parameters (the masses, decay
constants, and QCD scale are in units of GeV) will be
used [60,67]

AT 20326, mpo =5.280, mp, =5.367,
my, = 2.9836,
mye = 0.140, myo = 0.135, my =48, m = 1275,

@ Springer

1.6 24

25 T T
Bo + - —1,(500) (BW)

- ->nrn ——,(500) (Bugg
S o20p .
]
o
w0 L -
> 15
=
z
3 L i
S 10
S
m
T

5k i

K
0.0 0.8 1.6 2.4
o=m(n'n ) (GeV)
(b)

f0(500) to BY — nem T~ decay in the BW model (red curve) or the
Bugg model (blue curve)

ms = 0.095,
fB=0.19+£0.02, fp =0.236, 7o =1.519 ps,
7, = 1.512 ps. (32)

The values of the Wolfenstein parameters are the same as
giveninRef.[67]: A = 0.81410053 ) = 0.2253740.00061,
p =0.117£0.021, n = 0.353 £ 0.013. For the Gegenbauer
coefficient we use aézo =0.2.

In Fig. 2a, we show the contributions to the differential
decay rate dB(B; — n.ntmw~)/dw from each resonance
f0(980) (the blue solid curve), fo(1500) (the red solid curve)
and f(1790) (the dots curve), as a function of the pion-
pair invariant mass @ = m(w "7 ). For the considered Bj
decay, the allowed region of w is 4m72, < w? < (Mp, —
mm,)z. In Fig. 2b, furthermore, we show the contribution to
the differential decay rate dB(B® — n.m+7~)/dw from the
resonance f;(500) as a function of m (7 7 ~) too, where the
red and blue lines show the prediction obtained by using the
Breit—Wigner model and the Bugg model, respectively. For
B — nemw T~ decay, the dynamical limit on the value of @
isd4m2 < w? < (Mg —m,,)%.

For the decay B — 1. fo(500) — n.w 7 ~, the PQCD
prediction for its branching ratio with Breit—Wigner form is

B(B" = 1¢ fo(500) [z ¥ 1)
= [1_ssfg:;‘g!(wB)tg;gg(agzo)jg;g?<mc>] x 1075 (33)

When we use the method of Bugg, the PQCD prediction
for its branching ratio is of the form

B(B" — 11¢ fo(500) [z 7~ 1)
= [2315 0@ B @00 mo] < 1075, @4
where the three major errors are induced by the uncertainties

of wg = (0.40 £ 0.04) GeV, al=" = 0.2 £ 0.2 and m. =
(1.275 £ 0.025) GeV, respectively.
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For the decay mode By — n.fo(X) — ne(mTm7)s,
when the contribution from each resonance f;(980),
fo(1500) and f(1790) are included, respectively, the PQCD
predictions for the branching ratios for each case are the fol-
lowing:

B(By = 1¢ fo(980)[7 "7~ ])

= [3378 5 @) @O mo] x 1075, @35)
B(By — 1¢ fo(1500)[7 "7~ ])

= [67651 3 @n) 1@l G0 | x 1070, G36)
B(Bs — nc fo(1790)[x 77 ])

= (1975 @r) 30 ) o) x 100, 37)

where the three major errors are induced by the uncertainties
of wp, = (0.50 £ 0.05) GeV, a£=0 =02=£02and m, =
(1.275 £ 0.025) GeV, respectively. The errors induced by
the variations of the Wolfenstein parameters and the other
input are very small and have been neglected. If we take into
account the interference between different scalars fo(X), we
found the total branching ratio:

B(Bs — nc fo(X)lx 7))

= [5:02 1 B @) 3@ 5 B0 ] x 1075, 3®)

The interference between f,(980) and f(1500), fo(980)
and f(1790), as well as fo(1500) and f;(1790), will provide
a contribution 0of 3.29 x 1076, 5.59 x 10~% and —1.16 x 1076
to the total decay rate, respectively.

From the curves in Fig. 2 and the PQCD predictions for
the decay rates as given in Eqs. (34)—(38), one can see the
following points:

(i) For By — nc fo(X) = ne(fo(X) — w+x™) decay, as
illustrated clearly by Fig. 2a, the contribution from the
resonance f(980) is dominant (~ 70%), while the con-
tribution from f(1790) is very small (~ 4% only). The
interference between f;(980) and f,(1500), as well as
f0(980) and f((1790), are constructive and can provide
~20% enhancement to the total decay rate. The inter-
ference between fo(1500) and f(1790), however, is
destructive, but very small (less than —2%) in size.

(ii) For B — n.fo(500) — n.mwtmw~ decay, the PQCD
predictions for its branching ratios are around 2 x 107
in magnitude when we use the Breit-Wigner or the
Bugg model to parameterize the wide fp(500) meson.
The model-dependence of the differential decay rate
dB/dw(B — 1. fo(500)(m ™)), as illustrated in
Fig. 2b, are indeed not significant. Although the central
value of PQCD predictions based on the Bugg model are
moderately larger than the one from the Breit—-Wigner
model, but they are still consistent within errors.

(iii) The B/Bs; — n¢ fo(X) — ne(wTm ™) decays are sim-
ilar in nature with the decays B/Bs — J/{¥ fo(X) —
J/Y(xTm™) studied previously in Ref. [61]. We
find numerically B(B — n.ntn™) B(B —
J/yrTrT)~03:1.

4 Summary

In this paper, we studied the contributions from the S-wave
resonant states fo(X) to the B?S) — nem T decays by
employing the PQCD factorization approach. We calculated
the differential decay rates and the branching ratios of the
decay B — 1. fo(500) — n.(w*m™), the decays BY —
e fo(X) — ne(w ™) with fo(X) = fo(980), fo(1500),
and fo(1790), respectively. By using the S-wave two-pion
wave function @5 the resonant and non-resonant contribu-
tions to the considered decays are taken into account. The
NLO vertex corrections are also included through the redef-
inition of the relevant Wilson coefficients.

From analytical analysis and numerical calculations we
found the following points:

(i) For the branching ratios, we found
B"W(B® — nc fo(500) — new 7 7)
= (1.53797) x 107, (39)
BP8(BY — 1 fo(500) — nert7)
= (23179%) x 1075, (40)
B(By; — ncfo(X) — neta])
= (5.021]%) x 1077, (41)

where the individual errors have been added in quadra-
ture. For the decay rate B(B; — n.m+m ™), the contri-
bution from the resonance f(980) is dominant.

(ii) For B — 1 fo(500) — n.mTm~ decay, we used the
Breit—Wigner and the Bugg model to parameterize the
wide fo(500) meson, respectively, but found that the
model-dependence of the PQCD predictions are not sig-
nificant.

(iii) The considered decays with the branching ratio at the
order of 107® ~ 1073 could be measured at the ongo-
ing LHCb experiment. The formalism of two-hadron
distribution amplitudes, consequently, could be tested
by such experiments.
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