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Abstract We study the hadronic BY decays based on the
existence of the resonant state f;7(2220). In particular, we are
able to explain the unexpected large experimental result of
BB — J/ypp) = (3.0712 £0.52 +0.03) x 10~° mea-
sured recently by the LHCb collaboration due to the resonant
contribution in BY — J /v f;(2220) with f;(2220) — pp,
while it is estimated to be at most of order 10~ in terms
of the OZI rule without the resonance. In addition, we find
that B(BY — D*0(f; —)pp) = (4.70 £ 2.89) x 1077,
BBY — J/y(fs —)nw) = (15.6 £ 15.2) x 1078,
and B(B? — D*O(f; —)nm) = (24.5 +£24.4) x 1077,
while B(B? — J/Y(f;y —)KK) < 1.6 x 107> and
B(BSO — D*(f; =)KK) < 2.5x10~° Moreover, we pre-
dict that the decay branching ratios of B — (J /v, D**)AA
are (2.68 £ 1.23) x 1077 and (2.25 4+ 0.80) x 107°. Some
of the predicted B? decays are accessible to the experiments
at the LHCb.

1 Introduction

In some three-body B meson decay of B — BB’ M, with BB’
a baryon pair and M a recoiled meson or photon, the partial
decay width as the functionof mgg, = pB+pp is observed to
have a peak near mgp, >~ mp+my, of the threshold area. This
is the so-called threshold enhancement, which dominates the
decay branching ratio of B — BB’ M. The examples of these
decays include B — ppM with M = (D™, K™, 7, p)
and B — ApM’' with M’ = (m, p, y). Theoretically, the
threshold effect has been realized as the result of the per-
turbative QCD (pQCD) effect [1-4]. Consequently, many
experimental data on the baryonic B decays can be well
explained [5-8].

However, it is not the case for BY — J /4 p p. The branch-
ing ratio of B? — J/¥pp presented by the LHCb collabo-
ration is given by [9]
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BB — J/ypp) = 3.01]7£0.52+£0.03) x 107°, (1)

where the first and second uncertainties are statistical and
systematic, respectively, while the third one originates from
the control channel branching fraction measurement. Note
that B(B® — J/¥pp) = (2.0719 £0.9+£0.1) x 1077 has
also been given by the LHCb [9]. With B® — (c¢)(dd) —
J/¥pp, the pp production has the direct transition from
B — dd — pp, which associates with the threshold
enhancement, such that theoretical prediction of (11.4 £
5.0) x 1077 in Ref. [8]' can be seen to be consistent with
observation. On the contrary, B — J/ypp via B? —
ss — pp leads to the OZI suppression, while ss should
be first annihilated to produce p p. With the OZI suppression
of B(¢p — nm)/B(¢ — KK) =~ 107* [10], one expects
that B(B? — J/ypp) < 107*B(B? — J/¥AN), result-
ingin B(BY — J/ypp) < 1072, while B(B? — J/yAN)
is considered to be at the same level as B(B~ — J /Yy Ap) ~
1.18 x 1079 [10]. Therefore, to understand the large branch-
ing ratio of around 3 x 1076 for B — J/ypp inEq. (1), a
new theoretical study on this decay is clearly needed.

To explain B(B? — J/ypp), one possible solution is
to have a resonant state between the ss annihilation and pp
production in B‘? — J/Y¥pp, so that the process through
its mass shell allows an on-shell enhancement for the decay
branching ratio. Indeed, it is common to observe resonant
peaks in B — ppM. For example, one finds the cc mesons,
where the resonant n. — pp and J /v — pp raise the m,;
spectrum of B~ — K~ pp [11], as well as those identified
as the charmed baryons and the glueball from D™ p and pp
spectra in B — D™0p 5 [12-14], respectively. According
to Refs. [10,15-18], since f;(2220) = f; with the quantum
numbers JPC = 2++ or 4% has the channel of f; —
pp, particularly, with its mass and decay width within the
allowed region of the m ,; spectrum in E‘? — J/Y¥pp,itis

! The result in Ref. [5] has been updated according to the observed
value of B(B~ — J /¥ Ap).
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Fig. 1 The decays of
B) — VBB’ with BB’ = (a)
AA and (b) pp, produced by
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reasonable that f; can be our candidate as the resonant state
in B) — J/¥pp.

The experimental status of f; is reported in Ref. [19],
where its evidence comes from the Mark III collabora-
tion [20] and the BES collaboration [21], also being sup-
ported by 7~ (K 7) p collisions [22-24]. However, the direct
confirmations from pp collisions [25,26] and 2y pro-
cesses [27,28] are inconclusive. Hence, it leaves the room
for the BA(,) meson decays to provide the new scenario for
the f; study. Moreover, according to the QCD models [29],
such as the Lattice QCD (LQCD) calculation [30,31], f;
has the mass close to that of the tensor glueball (G,++) with
JPC =27+ Moreover, the theoretical prediction of [32]

B /Y — yGas+) = (1.1 £0.24£0.1) x 1072 )

agrees with the lower bound of B(J/¥ — yf;) > 2.5 X
1073 [10]. With f;(2220) being identified as G++, Eq. (2)
can be related to the radiative J /iy decays by the BABAR
collaboration [33], given by [10],

B(J /¥ — yf)B(f; — pp, wm)
=(1.5+08, 8+5) x 107,
BUJ /Y — yfNB(fr — KK) <3.6 x 107, (3)

so that we obtain

B(f; — pp, n) = (1.4+£0.8, 7.3+3.9) x 1073,
B(fy —> KK) <4.1 x 1073, )

where the limit is based on the 1o error of the measured value
on J/¢¥ — yGo++. We remark that the results in Eq. (4)
are consistent with the ratios: B(f; — pp, nm)/B(f; —
KK) = (0.17 £0.09, 1.0 +0.5) in the PDG [10].

In this paper, we shall explain BS — J/ypp with
f7(2220) as the resonant state to pp. Due to this reso-
nant state, we will also study the other hadronic decays
of BY, such as B — J/y(nn, KK, AA) and B? —
D%, KK, pp, AA).

2 Formalism
In the effective Hamiltonian [34], the amplitude of B? —

VBB’ with the baryon pair BB’ = pj or AA can be factor-
ized as

@ Springer

(b)

A(B? — VBB
Gr _ _ _

= Evcbv,;zazv (VI@q)v—al0)(BB'|(5b)y_4|BY), (5)
where G is the Fermi constant, V4, are the Cabibbo-
Kobayashi—-Maskawa (CKM) matrix elements, and ag/ is
the coefficient studied in Ref. [8], while (g1g2)v—4 denotes
q1Yu(1—y5)q2 and V stands for the vector meson J/xp(D*O)
with ¢ = c(u). In Eq. (5), the matrix element of the vector
meson production is defined by

(VI(@e)v-al0) = my fvey, (6)

where my, fy, and 8; are the mass, decay constant, and
polarization of the vector meson V, respectively.

For B — VAA, since the s§ pair can have a direct
transition to be a part of the internal quarks in A A as seen in
Fig. la, the most general matrix elements of the B — AA
transition are given by [7]

(AA|Gb)v|BY) = iiilg1yy + 82i0uvp”

+83pu + 84(Pi + Padu + 85(Px — pa)ulysv,
(AAIGD)AIBY) = iil fiyu + frioup” + fipu

+fa(pi +rn)u + f5(Px — Pa)ulv, (7)

with p = ppo — pa — pj and the form factors g; and f; (i =
1,2,....,5). n the approach of pQCD counting rules [1-4],
we are able to count the number of hard gluon propagators
within the baryon pair, so that the momentum dependences
of g; and f; can be parameterized as [7]

=20 g = Pu ®)

tn tn

with 1 = mi[-\ = (pa + p;\)z. To the leading order, the

counting gives n = 3, in which 2 of them are for the glu-
ons connecting to the valence quarks, while the rest one
for the gluon speeding up 5 in E? to be part of A. As t
approaches the threshold area, the increasing value of 1/73
creates a peak in the mpp spectrum of B — BB’, which
interprets the threshold enhancement. Under the SU(3) fla-
vor symmetry, Dy, and Dy, are related by Dg, () = D,
and Dy, = —Dy, = Dﬁ (k = 2,3,...,5), in which the
reduced constants Dy, (Dyp) and lel can be fitted through the
measured baryonic decays [8].
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For BY — Vpp,because the matrix elements of the BY —
(ss —) pp transition need the 55 annihilation to produce pp,
which encounters the OZI suppression, it is not suitable for
pQCD counting rules. Consequently, B(B‘? — J/¥pp) is
estimated to be smaller than 10~ as mentioned early. On
the other hand, for the resonant transition of 1_3? — f; —
pp as shown in Fig. 1b, my, ~ 2.23 GeV is in the pp
invariant mass (mp3) spectrum, of which the range of 1.88
GeV< mpp < 2.27 GeV is so confined that the resonance
has a complete peak, enhancing the decay branching ratio of
BY — J/ypp. The matrix element of the resonant BY —
f7 — pp transition is given by

(ppI(b)v_alBY)

= (pplf1)

i

: (f11Gb)v-alB), (9)
(t—mic])—i—lmfjl"fj s
where I" s, (m f,) stands for the decay width (mass) of f;. In
terms of Egs. (5), (6), and (9), we can write the amplitude of
BY — V(f; —)pptobe

Ar(BY = V(f; =)pp)
Gr my fy
= Vcb q*_ga;/ 2 .
(t —m3) +img, Ly,

u(a + bys)v,

V2
(10)

with (ppl f1)e"*(f1(5b)y—a|B?) = ii(a + bys)v, where
the Lorentz indices from four-momentum factors, ¢**, and
the summations of the spins for the intermediate f; state
are coupled to have a scalar quantity, leading a and b to
be parameters. Note that @ and b are generally momentum
dependent; however, as the narrow range of m,; is 1.88-
2.27 GeV due to the heavy J /iy mass, a and b can only
be changed slightly so that they are nearly constants. More-
over, the dominant contribution to the branching ratio comes
from the pole effect, which is even more narrow, fixing the
pole at my, = 2.23 GeV. In fact, we see for (pp|fs),
as the strong interaction conserves parity, that it is in the
form of either uv or uysv for the parity to be even or odd.
Hence, while f; has been confirmed to have an even par-
ity as the data indicated [10], » = 0. In Eq. (10), since a
is unknown, it will be fitted with B(B? — J/y¥pp) and
then used to predict B(BY — D*pp) as well as those of
BY — J/¥(xw, KK) and BY — D*(z7, KK). To inte-
grate over the phase space of the three-body decays, the gen-
eral equation in the PDG [10] can be referred to, which is
given by

1 AP

— 2 2
= Wmdmlzdmz:s, (11)

where m2 = pg+ pg/, m23 = pg+ py and |.A|2 represents
the amplitude squared. By integrating over the variables m 1,
and m»3, we obtain the total branching ratio. Here we will
integrate over mp3 alone to have the partial branching ratio

as the function of mpj,, such that the threshold and resonant
effects drawn as the peaks in the myp, spectra would be in
comparison with the future experiments.

3 Numerical results and discussions

In our numerical analysis, we adopt (m,, I'f,) = (2231,
23) MeV and (Vpp, Ve, Vis) = (AA2, 1 — 22/2, 1) with
A = 0.811 and A = 0.225 in the PDG [10], and take

@, aj"y = (033 +0.04,0.17 £ 0.03),

(Dyj, D) = (67.7 + 16.3, —280.0 % 35.9) GeV",

(D}, D}}, D}}, D)) = (—187.3 £26.6, —840.1 +: 132.1,
—10.1 +10.8, —157.0 £ 27.1) GeV*, (12)

from the study of the charmful three-body baryonic B®(B™)
decays in Ref. [8]. For the decay constants, we use (fp=*,
Sf1/4)=1(0.23,0.41) GeV [35]. Asaresult, with |a| fitted to be
1.0440.26 we obtain B(B? — J /v (f; —)pp) = (3.00+
1.74) x 107 to explain the data in Eq. (1). Consequently,
we can calculate the branching ratios of B? — J/YAA and
BY — D%pp (AA), of which the myg, spectra are drawn
in Fig. 2, while the total branching ratios are listed in Table 1
with the errors coming from the uncertainties in various form
factors.

Since B — J/YAA and B~ — J/YAp are essen-
tially identical, except for the spectator quarks in B‘? and B™,
their branching ratios should be at the same level. Nonethe-
less, from Table 1, we see that B(BA? — J/1//A1_\) ~
0.02B(B~ — J/¥Ap). The reason for this is that m, 3
around the threshold area is smaller than m 5 5 by 100 MeV,
which causes the more constrained threshold effect. Simi-
larly, for D*0 cases, B(BY — D*YAA) ~ 2.25 x 1076
is at least 20 times smaller than B(B~ — D*°Ap) [36].
It is interesting to note that the assumption of the con-
stant parameter of a is demonstrated to be insensitive to
the data fitting, while the pole effects via the resonant
f; — ppin Bg — J/¥(D*%)pp are narrow and sharp,
as shown in Fig. 2. A further confirmation for the resonant
BSO — J/¥(f; —)pp can depend on the future search
for B — D*(f; —)pp, whose decay branching ratio
is predicted to be (4.70 4 2.89) x 10~7 (see Table 1). The
difference between the threshold effect and the resonant f;
peak can be seen from Fig. 2, where the peaks from the
threshold effects for B — J/y/(D*®) AA are drawn to be
smooth, whereas the peaks from the f; resonance are sharp
with the highest point precisely at m,; = 2.23 GeV for
BSO — J/Y(D*%)(f; —)pp. This can be used for the future
experiments to distinguish the threshold effect from the res-
onance. Except for B® — J/¥pp with 1.88 GeV< m; <
2.18 GeV away from m; = 2.23 GeV, the resonant contri-
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Fig. 2 The partial distributions vs. myg, in the BY — VBB’ decays with V = J/y(D*Y), where the left panel is for V = J /v, while the right

one for V = D*0

Table 1 The branching ratios of BY — _VB]_3/ decays, where the uncer-
tainties arise from a;/ and the B? — BB/ transitions

Decay mode Branching ratio

(3.00 £ 1.74) x 1076
(4.70 £2.89) x 1077
(2.68 £ 1.23) x 1077
(2.254+0.80) x 107°

BY — J/¥(f1 —)pp
BY — D*(f; —)pp
BY — J/YAA
B — D*AA

butions are also possible for the other B and B~ decays of
B — ppM, suchas B — ppK and B — ppK™* [37].
Nonetheless, the ratios of [10,38,39]

BB~ — K (fy =>)pp)/B(B~— K pp) < 0.06 —0.08,
B(B~— K* (f; =)pp)/B(B~— K* pp)<0.18—0.27,
BB® — K°(f; —-)pp)/B(B° — K°pp) < 0.15 - 0.19,
BB — K*(f; =) )pp)/B(B"—> K*pp) <0.10-0.15
(13)
are too small to have impacts on the experimental results, due
to the fact that the threshold effects in the decays shadow
the resonant peaks. Instead, the unexpected large value of
B(B? — J/¢¥pp) in Eq. (1) would reveal the existence of
f7(2220) due to the suppressed threshold effect in the decay.
In terms of B(BA? — V(f; —)AB) = B(BA? —
VNB(f; — AB) with B(B® — V(f; —)AB) from
Table 1 and the f; — AB decays in Eq. (4), where AB
canbe pp, KK, and w, we obtain
B(BY — J/yf)) = Q.1+ 1.7) x 1073,
B(BY — J/y(f; =)KK) < 1.6 x 107,

BB — J/¥(fy —>)mm) = (1564152) x 107 (14)
for V= J /Y, and

B(BY > D f;) = (3.4+2.8) x 1074,

B(B® — D*(f; —)KK) <2.5x 1075,

B(B? — D*(f; >)mm) = (245+£24.4) x 1077 (15)

@ Springer

for V.= D*°. We then let the BY decays be the new scenario
to study the f; state.

4 Conclusions

We have studied the roles of f;(2220), considered as the
tensor glueball state of Gy++, in the hadronic BY decays.
Explicitly, we have shown that the recent measured large
branching ratio by the LHCb for the OZI suppressed decay
of B(B? — J/¥pp) can be understood due to the resonant
contribution of f;(2220). We have also found that B(B? —
DV (f; —)pp) = (4.70+2.89) x 10~7. Similarly, we have
predicted that B(BY? — J /¥ (f; —)nm) = (15.64+15.2) x
107 and B(B? — D*(f; —)nm) = (24.5 £24.4) x
10~7, while B(B? — J/¥(f; —)KK) < 1.6 x 107> and
B(B? — D*(f; -)KK) < 2.5 x 1075, In addition, we
have obtained the result that the B(BA? — (J/y, D*9ARA)
are (2.68 & 1.23) x 1077 and (2.25 £ 0.80) x 107, which
are accessible to the experiments at the LHCb.
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