
 

Theoretical study in the B̄0 → J=ψK̄�0K0 and B̄0 → J=ψf 1ð1285Þ decays
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We study the decay processes of B̄0 → J=ψK̄�0K0 and B̄0 → J=ψf1ð1285Þ to analyze the f1ð1285Þ
resonance. By the calculation within chiral unitary approach where f1ð1285Þ resonance is dynamically
generated from the K�K̄ − c:c: interaction, we find that the K̄�0K0 invariant mass distribution has a
clear broad peak. Such broad peak has been understood as the signal of the f1ð1285Þ. Finally, we obtain a
theoretical result Rt ¼ ΓB̄0→J=ψK̄�0K0=ΓB̄0→J=ψf1ð1285Þ which is expected to be compared with the

experimental data.
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I. INTRODUCTION

One of the main goals of hadron physics is to unravel the
nature of mesons or baryons. With the discovery of more
and more new particles, the traditional quark model is not
enough for us to understand the nature of particles. The
general examples are a0ð980Þ and f0ð980Þ, and several
perspectives were presented about the nature of these: qq̄
states [1,2], glueballs, multiquark states or meson-meson
molecules [3].
In very low energy regions, the strong interactions of the

light pseudoscalar particles can be simplified by consi-
dering global symmetry. Thus, based on the chiral sym-
metry of quantum chromodynamics (QCD) and the concept
of effective field theory(EFT), a powerful theoretical tool
chiral perturbation theory (χPT) has been proposed [4,5].
The χPT can be used for the study of QCD at low energies
(≤500 MeV) by means of chiral Lagrangians using fields
related to mesons and baryons. Further, the application of
the unitary approaches in χPT, unitary chiral approach
(UχPT), provides a possibility to study strong interactions
at higher energy (≥500 MeV) by χPT. The UχPT has been
successfully applied to study meson-meson and meson-
baryon interactions, and also gives a new perspective to
understand the nature of particles, since several resonances
can be understood as dynamically generated. Such as, the
a0ð980Þ and f1ð1285Þ have been viewed as dynamically
generated from the interaction of K̄K, πη [6–11] and

K�K̄ − c:c: [12,13] respectively. As for the baryon case,
the Λð1405Þ can be shown as dynamically generated from
the interaction of K̄N and ηΛ [13–16], � � �. In this paper, we
focus on the f1ð1285Þ as dynamically generated.
The f1ð1285Þ resonance is an axial-vector state

with quantum numbers IGðJPCÞ ¼ 0þð1þþÞ, mass Mf1 ¼
1281.9� 0.5 MeV and total decay width Γf1 ¼ 22.7�
1.1 MeV [17]. It is hard for f1ð1285Þ to decay to two-body,
since the mass of the f1ð1285Þ is 100 MeV below the K�K̄
threshold. The main decay modes of f1ð1285Þ are the
ηππ (52.2%) and 4π (32.7%). In Ref. [18], the authors
found a pole of the amplitude of pseudoscalar-vector meson
interaction in the complex plane at the 1288 − i0 MeV and
assigned it to the f1ð1285Þ resonance. At the same time,
similar results were obtained in [19] when including higher
order Lagrangians. Thus, in the chiral unitary approach, the
f1ð1285Þ can be qualified as dynamically generated from
the pseudoscalar-vector meson interaction. Although, the
PDG [17] has reported “not seen” for the K�K̄ decay mode
of the f1ð1285Þ, inspired by the KK̄π decay mode of the
f1ð1285Þ, the authors in Ref. [20] explained the possibility
of the K�K̄ decay mode of the f1ð1285Þ and gave the
coupling gf1 ¼ 7555 MeV of the f1ð1285Þ to K�K̄ chan-
nel. Some works in Refs. [21,22] also show the possibility
of the K�K̄ decay mode of the f1ð1285Þ.
In Refs. [12,23], the role of the f1ð1285Þ that was

dynamically generated from the interaction of K�K̄ − c:c:,
has been studied in the J=ψ → ϕf1ð1285Þ and B̄0

s →
J=ψf1ð1285Þ decay processes, respectively. Unlike the
latter which showed only one tail of the resonance peak,
the former showed a clear threshold enhancement of
invariant mass distribution of K̄K�, which is caused by
the production of the f1ð1285Þ. In Ref. [24], they obtained
a consistent result with the experiment for the f1ð1285Þ →
π0a0ð980Þ decay branching fraction, where the f1ð1285Þ,
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a0ð980Þ are also treated as dynamically generated. Also,
the process τ → f1ð1285Þπντ has been researched by
considering a triangle loop mechanism with K�ðK̄�Þ and
K̄ðKÞ as internal lines [25].
On the other hand, in the experiments, the B0

ðsÞ provides
a good platform for the study of some resonances
f0; a0; f1; � � � [26–29]. Following the original ideas in
Refs. [12,23], we study the decays of B̄0 → J=ψK̄�0K0

and B̄0 → J=ψf1ð1285Þ decay by considering that the
f1ð1285Þ resonance is dynamically generated from K�K̄
interaction. Notice although the channel B̄0 → J=ψK̄�0K0

cannot be observed directly, it can be related to B̄0 →
J=ψK0K−πþ þ c:c: by decay of the K� → Kπ, which was
measured by LHCb Collaboration with BrðB0 →
J=ψK0K−πþ þ c:c:Þ ¼ 2.1 × 10−5 [30]. The branching
ratio of BrðB0 → J=ψf1ð1285ÞÞ ¼ ð8.4� 2.1Þ × 10−6

was also obtained from the measurement of ½ΓðB0 →
J=ψf1ð1285ÞÞ=Γtotal� × ½Bðf1ð1285Þ → 2πþ2π−Þ� by the
LHCb Collaboration [31,32]. We can therefore define

the physical quantity RΓ ¼ dΓB̄0→J=ψK̄�0K0=dMinvðK̄�0K0Þ
ΓB̄0→J=ψf1ð1285Þ

without

any other free parameter dependence except the energy
scale, and show the distribution of K̄�0K0 invariant mass.
Moreover, we can obtain a theoretical result Rt ¼
ΓB0→J=ψK̄�0K0=ΓB̄0→J=ψf1ð1285Þ which is possible to be com-
pared with the experimental data at a certain energy scale.
This paper is organized as follows. In Sec. II, we give

the theoretical formalism for the weak decay of b quark
and the hadronization of quark pairs. In Sec. III, the
Lagrangian of the processes VP → VP and the detailed
calculations are presented. In Sec. IV, the numerical
results and discussions are presented. Finally, a short
summary is given in Sec. V.

II. FORMALISM

In this section we draw the pictures of the weak decay of
b quark and the hadronization. The reaction process at the
quark level as shown in the Fig. 1 can be divided into three
steps. The first part is that the b quark of the B̄0 converts to
a cc̄ and a d quark via weak interaction, where two vertex
bcW and dcW involved by the weak decay are Cabibbo
suppressed [33,34] as shown in the Fig. 1(a). In the next
step, the cc̄ pair from decay of the b quark forms a J=ψ and
the dd̄ hadronizes a pair of vector-pseudoscalar mesons as
depicted in Fig. 1(b). Following Refs. [13,23,35], for the dd̄
hadronization, we need to introduce a q̄q pair with the
quantum numbers of the vacuum, ūuþ d̄dþ s̄s, and then
two pairs of qq̄ (vector-pseudoscalar mesons) arise. The
hadronization process can be written

dðūuþ d̄dþ s̄sÞd̄ ¼
X3
i¼1

M2iMi2 ð1Þ

where i denotes the quarks u, d, s, andM is the qq̄matrix in
SU(3) group

M ¼ qq̄ ¼

0
B@

u

d

s

1
CAð ū d̄ s̄ Þ ¼

0
B@

uū ud̄ us̄

dū dd̄ ds̄

sū sd̄ ss̄

1
CA: ð2Þ

The matrixM can also be rewritten in terms of pseudoscalar
meson matrix MP or vector meson matrix MV ,

MP ¼

0
BBB@

π0ffiffi
2

p þ η8ffiffi
6

p πþ Kþ

π− − π0ffiffi
2

p þ η8ffiffi
6

p K0

K− K̄0 − 2ffiffi
6

p η8

1
CCCA

;

MV ¼

0
BBB@

ρ0ffiffi
2

p þ ωffiffi
2

p ρþ K�þ

ρ− − ρ0ffiffi
2

p þ ωffiffi
2

p K�0

K�− K̄�0 ϕ

1
CCCA

:

ð3Þ

Equation (1) can be rewritten with regard to MVMP or
MPMV

MVMP �MPMV; ð4Þ

where the � corresponds to C ¼∓ 1ðC parityÞ, respectively
[23]. Now, the hadronization process of dd̄ gives

(a)

(b)

FIG. 1. The B̄0 → J=ψf1ð1285Þ decay process at the quark
level. (a) Elementary quark arrangement for the weak decay of b
quark. (b) Hadronization of the dd̄ component.
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dðuūþ dd̄þ ss̄Þd̄ ¼ ðMVMP −MPMVÞ22
¼ K�0K̄0 − K̄�0K0 þ ρ−πþ − ρþπ−

þ
�
π0ffiffiffi
2

p þ η8ffiffiffi
6

p
��

−
ρ0ffiffiffi
2

p þ ωffiffiffi
2

p
�

−
�
−

ρ0ffiffiffi
2

p þ ωffiffiffi
2

p
��

π0ffiffiffi
2

p þ η8ffiffiffi
6

p
�
: ð5Þ

In the last step from Fig. 2(b) which will be explained in
the following section, we need pseudoscalar P and vector
mesons V for rescattering to form the molecular resonance
f1ð1285Þ with quantum numbers IGðJPCÞ ¼ 0þð1þþÞ [17]
since CV ¼ −V̄ and CP ¼ P̄ for MV and MP, respectively.
Thus, in order to generate the resonance f1ð1285Þ we must
take the C-parity positive combination between the V and
P, and the Eq. (5):

jMMi ¼ jK�0K̄0 − K̄�0K0 þ ρ−πþ − ρþπ−i: ð6Þ

III. THE PROCESSES B̄0 → J=ψK̄�0K0

AND B̄0 → J=ψf 1ð1285Þ
In this section, we will calculate the invariant mass

distribution of K̄�0K0 in decay process B̄0 → J=ψK̄�0K0

and the decay width of B̄0 → J=ψf1ð1285Þ. According to
the chiral unitary approach [18], the molecular resonance
f1ð1285Þ can be regarded as dynamically generated from
the interaction of K�K̄ − c:c: Meanwhile, the process of
VP → VP rescattering is shown in Fig. 2(b). In the local
hidden gauge approach [36–39], the Lagrangian for the
interaction of two pseudoscalar and two vector mesons is

LVVPP ¼ −
1

4f2π
Trð½Vμ; ∂νVμ�½P; ∂νP�Þ ð7Þ

where P and V are given in Eq. (3), fπ is the decay constant
of pion with fπ ¼ 92.4 MeV, Tr represents the SUð3Þ
trace. The Lagrangian of Eq. (7) will lead to the relevant the
s-wave projection of the scattering amplitude, or to say the
V-matrix [18]

VijðsÞ ¼ −
ϵ · ϵ0

8f2π
Cij

�
3s − ðM2 þm2 þM02 þm02Þ

−
1

s
ðM2 −m2ÞðM02 −m02Þ

�
ð8Þ

where ϵðϵ0Þ represents the polarization vector of the
incoming(outgoing) vector meson. For convenience, ϵ · ϵ0
is calculated as a prefactor below. TheMðM0Þ,mðm0Þ stand
for the masses of initial(final) vector mesons and initial
(final) pseudoscalar mesons, respectively. The indices i and
j correspond to the initial and final VP states, respectively.
There are different Cij coefficients for different isospin
basis ðS; IÞ, the results of Cij have been listed in Ref. [18].
The rescattering amplitude T for the decay of

B̄0 → J=ψK̄�0K0 as shown in the Fig. 2(b) was obtained
by solving the Bethe-Salpeter equation in coupled
channels [18]

T ¼ ½1þ VĜ�−1ð−VÞϵ⃗ · ϵ⃗0 ð9Þ

where Ĝ ¼ Gð1þ 1
3
q2

M2Þ, and G is the two meson propa-
gator loop function including a vector and a pseudoscalar:

Gð ffiffiffi
s

p Þ ¼ i
Z

d4q
ð2πÞ4

1

ðP − qÞ2 −M2 þ iϵ
1

q2 −m2 þ iϵ
;

ð10Þ

where m and M are the masses of the pseudoscalar and
vector mesons, respectively. Some amplitudes and
V-matrices have been listed in Refs. [11,40].
The divergence of loop function Eq. (10) can be

regularized by means of the dimensional regularization
[18,41] or cutoff scheme [24], one has in the former scheme

(a)

(b)

(c)

FIG. 2. Diagrammatic representation for the B̄0 → J=ψVP
process. (a) The reaction at the tree level. (b) The rescattering
between pseudoscalar mesons and vector mesons. (c) Production
process of the B̄0 → J=ψf1ð1285Þ decay.
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GDð ffiffiffi
s

p Þ ¼ 1

16π2

�
aðμÞ þ ln

M2

μ2
þm2 −M2 þ s

2s
ln

m2

M2

þ jq⃗jffiffiffi
s

p ½ln ðs − ðM2 −m2Þ þ 2jq⃗j ffiffiffisp Þ

þ ln ðsþ ðM2 −m2Þ þ 2jq⃗j ffiffiffisp Þ
− ln ð−sþ ðM2 −m2Þ þ 2jq⃗j ffiffiffisp Þ

− ln ð−s − ðM2 −m2Þ þ 2jq⃗j ffiffiffisp Þ�
�
: ð11Þ

Also, in the cutoff scheme we have

Gð ffiffiffi
s

p Þ ¼
Z

qmax

0

d3q⃗
ð2πÞ3

ω1 þ ω2

2ω1ω2

1

s − ðω1 þ ω2Þ2 þ iϵ

ω1 ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
jq⃗j2 þm2

q
ω2 ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
jq⃗j2 þM2

q
: ð12Þ

where the μ and aðμÞ are the renormalization scale and
subtraction constant, respectively. And, the q⃗ stands for the
three-momentum of the vector or pseudoscalar meson in
the center of mass frame and is given by

jq⃗j ¼ 1

2
ffiffiffi
s

p
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
½s − ðM þmÞ2�½s − ðM −mÞ2�

q
. ð13Þ

The s is the invariant mass of vector and pseudoscalar
mesons in the loop of Fig. 2(b).
When the final state is the K̄�0K0, the total amplitude

contributions correspond to Fig. 3. Equation (6) causes that
subfigures (b) and (c) have a minus sign comparing with (a)
and (d). Meanwhile, we can write the amplitude Uj for the
transition B̄0 → J=ψK̄�0K0

Uj ¼ VP

�
hj þ

X
i

hiĜiðMinvÞtijðMinvÞ
�

ð14Þ

where the Ĝ is the loop function in Eq. (10), the scattering
matrix tij is described in Eq. (9) and Minv is the invariant
mass of the vector-meson and pseudoscalar-meson in the
final state. The VP is an overall factor, which includes
Cabibbo-Kobayashi-Maskawa (CKM) matrix elements and
kinematic prefactors. And the VP is a unknown quantity
and it could be cancelled below. Meanwhile, in the
Refs. [8,15,42–44] the authors take VP as a constant.
Also, considering the Eq. (8), for hiðjÞ we have

hK�0K̄0 ¼ hρ−πþ ¼ 1; hK̄�0K0 ¼ hρþπ− ¼ −1;

hK�þK− ¼ hK�−Kþ ¼ hρ0π0 ¼ hρ0ρ0 ¼ 0: ð15Þ

Take notice that the above amplitude only holds for an
s-wave with every intermediate particle being on
mass-shell.

The amplitude Eq. (14) for the B̄0 → J=ψK̄�0K0 can be
written as

U ¼ VP½−1 − GK̄�0K0ðMinvðK̄�0K0ÞÞ
× tK̄�0K0→K̄�0K0ðMinvðK̄�0K0ÞÞ
þ GK�0K̄0ðMinvðK̄�0K0ÞÞtK�0K̄0→K̄�0K0ðMinvðK̄�0K0ÞÞ
þ Gρ−πþðMinvðK̄�0K0ÞÞtρ−πþ→K̄�0K0ðMinvðK̄�0K0ÞÞ
−Gρþπ−ðMinvðK̄�0K0ÞÞtρþπ−→K̄�0K0ðMinvðK̄�0K0ÞÞ�:

ð16Þ

(a)

(b)

(c)

(d)

FIG. 3. The total contributions for the K̄�0K0 production.
Subfigures (a) and (d) have a minus sign corresponding with
subfigures (b) and (c).
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By means of the following isospin multiplets

�
Kþ

K0

�
;

�
K̄0

−K−

�
;

0
B@
−ρþ

ρ0

ρ−

1
CA;

0
B@
−πþ

π0

π−

1
CA; ð17Þ

and the CG-coefficients, we have amplitude relations

tK̄�0K0→K̄�0K0 ¼ þ 1

2
tI¼0
K̄�K→K̄�K

tK�0K̄0→K̄�0K0 ¼ −
1

2
tI¼0
K�K̄→K̄�K

tρ−πþ→K̄�0K0 ¼ −
1ffiffiffi
6

p tI¼0
ρπ→K̄�K

tρþπ−→K̄�0K0 ¼ −
1ffiffiffi
6

p tI¼0
ρπ→K̄�K: ð18Þ

And we can rewrite the Eq. (16) as

U¼−VP½1þ
1

2
GK̄�KðMinvðK̄�0K0ÞÞtI¼0

K̄�K→K̄�KðMinvðK̄�0K0ÞÞ

þ1

2
GK�K̄ðMinvðK̄�0K0ÞÞtI¼0

K�K̄→K̄�KðMinvðK̄�0K0ÞÞ�:
ð19Þ

If the final state is chosen as J=ψK�0K̄0, the amplitude for
UJ=ψK�0K̄0 has a minus sign compared with Eq. (19).
With the above results, now the invariant mass distri-

bution dΓ=dMinv can be written [17]

dΓ
dMinv

¼
X

C2
s

1

ð2πÞ3
Minv

8M3
B̄0

×
Z

Mmax
J=ψ ;K̄�0

Mmin
J=ψ ;K̄�0

jUj2MJ=ψ ;K̄�0dMJ=ψ ;K̄�0 ; ð20Þ

the
P

C2
s represents the total polarization structure, which

can be written as

X
C2
s ¼ 3þ p⃗2

J=ψ

m2
J=ψ

þ p⃗2
K̄�0

mK̄�0
; ð21Þ

where we make the approximation [35,45,46] that the
three-momenta of the vector mesons in the loop are on-
shell and small compared to their masses. And we have

p⃗J=ψ ¼ λ
1
2ðM2

B̄0 ;M2
J=ψ ;M

2
invÞ

2MB̄0

;

p⃗K̄�0 ¼ λ
1
2ðM2

inv;M
2
k0 ;M

2
k̄�0Þ

2Minv
; ð22Þ

where λðx; y; zÞ ¼ x2 þ y2 þ z2 − 2xy − 2yz − 2xz is the
Kählén function.
In the Eq. (20),MK̄�0K0 andMJ=ψ ;K̄�0 are interrelated, thus

for specific MK̄�0K0 , the range of MJ=ψ ;K̄�0 is defined as

Mmax
J=ψ ;K̄�0

¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðEK̄�0þEJ=ψ Þ2−

	 ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
E2
K̄�0−M2

K̄�0

q
−

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
E2
J=ψ−M2

J=ψ

q 

2

r
;

Mmin
J=ψ ;K̄�0

¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðEK̄�0þEJ=ψ Þ2−

	 ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
E2
K̄�0−M2

K̄�0

q
þ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
E2
J=ψ−M2

J=ψ

q 

2

r
;

ð23Þ

where EK̄�0 ¼ ðM2
inv −M2

K þM2
K̄�0Þ=2Minv and EJ=ψ ¼

ðM2
B̄0 −M2

inv −M2
J=ψ Þ=2Minv are the energies of K̄�0 and

J=ψ in the K̄�0K0 rest frame. The Dalitz plot for MK̄�0K0

and MJ=ψK̄�0 invariant masses in the B̄0 → J=ψK̄�0K0

decay is shown in Fig. 4.
On the other hand, notice that Eq. (20) contains an

unknown quantity VP. In order to eliminate VP, we
could consider the production of the f1ð1285Þ resonance.
The relevant mechanism is depicted in Fig. 2(c) and
we have

TB̄0→J=ψf1ð1285Þ ¼ VPC0
sGðMf1Þgf1 ð24Þ

where the polarization factor C0
s is obtained analogy to

Eq. (21). The coupling of f1ð1285Þ to K�K̄ channel can be
expressed as gf1ϵiðf1ÞϵiðK�Þ, by contracting the two
polarization vectors ϵiðK�ÞϵjðK�Þ ¼ δij in the loop of
Fig. 2(c), and give

X
C02
s ¼ 3þ p⃗2

J=ψ

m2
J=ψ

þ p⃗2
f1

m2
f1

: ð25Þ

FIG. 4. Dalitz plot for K̄�0K0 and J=ψK̄�0 invariant masses in
the B̄0 → J=ψK̄�0K0 decay.
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where p⃗f1 ¼ p⃗J=ψ ¼ λ
1
2ðM2

B̄0 ;M2
J=ψ ;M

2
f1
Þ=2MB̄0 is the three

momentum of f1 and J=ψ in the B̄0 rest frame.
Then, the partial decay width of B̄0 → J=ψf1ð1285Þ can

be written

ΓB̄0→J=ψf1 ¼
V2
P

8π

g2f1G
2ðM2

f1
Þjp⃗J=ψ j

M2
B̄0

×

�
2þ ðM2

B̄0 −M2
J=ψ −M2

f1
Þ2

4M2
J=ψM

2
f1

�
ð26Þ

By considering B̄0 → J=ψf1ð1285Þ, we define

RΓ ¼ dΓB̄0→J=ψK̄�0K0=dMinvðK̄�0K0Þ
ΓB̄0→J=ψf1ð1285Þ

ð27Þ

where VP has been canceled so that RΓ has no other free
parameters except the energy scale. It can be a function of
invariant massMinv and compared with the experiments at a
certain energy scale. Although there are different U for
different final states J=ψK̄�0K0 and J=ψK�0K̄0, they have
an equal RΓ.

IV. NUMERICAL RESULTS AND DISCUSSION

With the former formulas, we present, in Fig. 5, the
predictions for the ratio RΓ as a function of the invariant
mass Minv of the K̄�0K0 state. As mentioned above, the
unknown parameter VP cancels, therefore it does not
appear in the final result of the ratio RΓ. Meanwhile,
we consider the following renormalization scales μ ¼
1100 MeV; 1200 MeV; 1300 MeV and corresponding sub-
traction constants aðμÞ ¼ −1.66;−1.62;−1.59. A straight-
forward relation between aðμÞ and μ is given by [47]

aiðμÞ ¼ −2 log

 
1þ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1þM2

i

μ2

s !
þO

�
mi

Mi

�
: ð28Þ

As shown in Fig. 5, the solid curve gives a good
description for the invariant mass distribution of
MinvðK̄�0K0Þ, which produces the broad peak of the mass
distribution. The broad peak is caused by the f1ð1285Þ
which is dynamically generated by the K�K̄ − c:c: inter-
action. The range of the invariant mass Minv of K̄�0K0 has
been considered as the 1390–1900 MeV. In principle, the
range of the invariant mass Minv of K�K̄ can reach the
maximum value 2182 MeVðMB̄0 −MJ=ψ Þ in the process of
B̄0 → J=ψK̄�0K0 decay. Nevertheless, the results of the
previous sections are based on the chiral unitary theory,
thus the range of the invariant mass should be 200–
300 MeV smaller than the maximum value 2182 MeV
to make sure the theory works better [12]. At the same time,
by comparing three subgraphs in Fig. 5, we can see that as
the renormalization scale μ increases, the strength of the RΓ
decreases and the position of the broad peak of RΓ almost
does not move. In addition, in order to compare, the result
without considering the polarization structure factor of the
RΓ is also shown by the dashed curve. We can see that the
dashed curve also gives a clear broad peak and is larger than
the solid one. Finally, the phase space as a function of the
invariant mass Minv has been depicted by the dot-dashed
curve. Actually, the value from the phase space distribution
is much smaller than the values of the other two curves, and
we normalize the phase space distribution to make it have
the same area with the solid curve.
We define the parameter Rt by

Rt ¼
ΓB̄0→J=ψK̄�0K0

ΓB̄0→J=ψf1ð1285Þ
¼
Z

mB̄0−mJ=ψ

mK̄�0þmK0

RΓdMinv; ð29Þ

and obtain a theoretical value of Rt ¼ 0.451 for μ ¼
1200 MeV. When we choose the values of μ in the range
of 1100–1300 MeV, the results of RΓ are located around the
range of 0.301–0.734. Thus the main uncertainty of the
theoretical ratio comes from the renormalization scale μ.

(c)(a) (b)

FIG. 5. The distribution of RΓ as a function of the invariant mass Minv of K̄�0K0 at μ ¼ 1100 MeV; 1200 MeV and 1300 MeV,
respectively. The solid (dashed) curve represents the dynamically generated prediction with (without) the polarization structure factor.
The dot-dashed curve stands for the phase space distribution which has been normalized to make it have the same area with the solid
curve in the Minv range.
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On the other side, the processes K�0 → Kþπ−; K0π0

have strengths 2
3
, 1
3
, respectively. The strength of the process

B̄0 → J=ψK�K̄ can be obtained by using the experimental
branching ratio of B̄0 → J=ψK0K−πþ þ c:c:, thus similar
to Ref. [35], we have

BrðB̄0 → J=ψK̄�0K0Þ ¼ 1

8

3

2
× 2.1 × 10−5;

BrðB̄0 → J=ψf1ð1285ÞÞ ¼ ð8.4� 2.1Þ × 10−6; ð30Þ

where the branching ratio for B̄0 → J=ψf1ð1285Þ can be
obtained directly from PDG. Equation (30) gives an
experiment result

Re ¼
BrðB̄0 → J=ψK̄�0K0Þ

BrðB̄0 → J=ψf1ð1285ÞÞ
¼ 0.469� 0.117: ð31Þ

In principle, the Re should be related with Rt by Re ¼ Rt.
However, the BrðB̄0 → J=ψK0K−πþ þ c:c:Þ ¼ 2.1 × 10−5

is not accurate within the corresponding experimental
condition. Furthermore, as mentioned, in order that the
chiral unitary approach can work well, the upper limits of
the Minv should be 200–300 MeV far from the boundary
(mB̄0 −mJ=ψ ). The above two reasons lead to the main
discrepancy between Re and Rt. There are also some other
reasons, for examples, there are higher mass states with
spin-parity JP ¼ 1þ and 2þ at higher invariant mass range
of K̄�0K0 [12]. As for the relation between μ and aðμÞ,
we ignore higher-order effects. These contributions are
small compared with the previous two main reasons.

We expect that future experimental observation of the
invariant mass distribution RΓ on the LHCb would provide
valuable information on the mechanism of the B̄0 →
J=ψK̄�0K0 decay.

V. SUMMARY

In the present work, we have shown the distribution of
the invariant mass K̄�0K0 in the decay B̄0 → J=ψK̄�0K0 to
investigate the basic nature of the f1ð1285Þ resonance.
In the frame of chiral unitary theory, the f1ð1285Þ
resonance is dynamically generated from the K�K̄ − c:c:

interaction, further we get the theoretical prediction RΓ ¼
dΓB̄0→J=ψK̄�0K0=dMinvðK̄�0K0Þ

ΓB̄0→J=ψf1ð1285Þ
as a function of invariant mass

MinvðK̄�0K0Þ. The result of RΓ reproduces the peak of
the mass distribution of MinvðK̄�0K0Þ, which is caused by
the production of the f1ð1285Þ state. Finally, we can obtain
a theoretical result Rt ¼ ΓB̄0→J=ψK̄�0K0=ΓB̄0→J=ψf1ð1285Þ
which is possible to be compared with the experimental
result Re. We expect that there will be more valuable data in
future experimental observations, which could advance our
understanding of f1ð1285Þ.
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