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Very recently, the LHCb collaboration released the newest measurements of Bs → J=ψpp̄, where an
enhancement structure near 4.34 GeV was observed in the invariant mass spectrum of J=ψp with the
statistical significance of 3.1–3.7σ. In this work, by performing a combined analysis for the three invariant
mass spectra of Bs → J=ψpp̄, we find that this J=ψp structure near 4.34 GeV can correspond to the
contributions from the Pcð4380Þþ state with the assumption of JP ¼ 3=2− together with the reflections of
Bs → ðf�2 → pp̄ÞJ=ψ . Here, Pcð4380Þ was first observed in Λb → J=ψpK but not confirmed in the
updated LHCb data in 2019, and f�2 means the exciting light isoscalar tensor meson around 2.0 GeV. Thus,
this provides a possible evidence to support the existence of the pentaquark Pcð4380Þ. Specifically, the
assumed spin parity JP ¼ 3=2− of Pcð4380Þ is consistent with a prediction of the theoretical explanation of
an S-wave D̄Σ�

c molecular bound state.
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I. INTRODUCTION

Very recently, the LHCb collaboration announced the
observation of a new pentaquark-like structure Pcð4337Þþ
with a relatively low statistical significance of 3.1–3.7σ in
the J=ψp invariant mass spectrum of Bs → J=ψpp̄ [1].
The resonance parameters of this newly observed Pc
structure are different from those of the currently known
pentaquark states reported in the Λb → J=ψpK by LHCb,
which include Pcð4312Þþ, Pcð4440Þþ, and Pcð4457Þþ [2].
Specifically, these three Pc structures that are all slightly
below the thresholds of di-hadrons composed of an S-wave
charmed baryon Σc and an S-wave anticharmed meson D̄ or
D̄� have provided strong evidence for the existence of the
hidden-charm molecular pentaquarks, where Pcð4312Þþ,
Pcð4440Þþ, and Pcð4457Þþ can just correspond to the S-
wave loosely bound states of the D̄Σc with JP ¼ 1=2−,

D̄�Σc with JP ¼ 1=2−, and JP ¼ 3=2− [3–18], respec-
tively. Therefore, it seems that this newly observed
Pcð4337Þ cannot be assigned to the same theoretical
configuration with the above three Pc states. In this
situation, it is a challenging task for theorists to understand
the origin of Pcð4337Þ.
After the release of measurements of Bs → J=ψpp̄, there

have been several theoretical works to discuss the nature of
Pcð4337Þ [19–23]. In Ref. [19], Yan et al. proposed three
possible theoretical explanations, i.e., a hadrocharmonium
of χc0p bound state, D̄�Λc and D̄Σc state close to threshold
and D̄�Λc and D̄Σ�

c coupled channel dynamics. Although
the magnitude of Pcð4337Þ mass might be explained in
these configurations, there appears another problem that it
is not clear why this structure is not observed in decay
process Λb → J=ψpK with large reconstructed events [2].
The authors in Ref. [22] suggested that the Pcð4312Þ and
Pcð4337Þ can be created by different interference patterns
between the ΣcD̄ and ΛcD̄� threshold cusps, which can
give a reasonable interpretation to the phenomenon that the
Pcð4312Þ and Pcð4337Þ peaks appear in Λb → J=ψpK and
Bs → J=ψpp̄, respectively.
In this work, we propose a completely different per-

spective to decode the nature of Pcð4337Þ. Here is an
interesting possibility that the peak position of this J=ψp
structure near 4.34 GeV may deviate from its genuine mass
because this structure is close to the upper threshold of the
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J=ψp phase space in Bs → J=ψpp̄. In fact, there exists a
potential candidate to explain the LHCb observation with-
out introducing a new pentaquark state Pcð4337Þ. Let us
recall Pcð4380Þ, which was first reported in the J=ψpmass
spectrum ofΛb → J=ψpK in 2015 [24]. Unfortunately, this
state cannot be confirmed in the 2019 updated data in the
same decay process [2], so it will be very interesting and
meaningful to explore this possibility that there could be
influence of Pcð4380Þ on the LHCb result. Of course,
another advantage of this view is that it can provide a natural
interpretation to connect the observations in the J=ψp mass
distribution of Bs → J=ψpp̄ andΛb → J=ψpK. In addition
to this possibility, we also notice that there are several
suspected signals in thepp̄ invariant mass spectrum ofBs →
J=ψpp̄ despite the low statistical significance [1].
Interestingly, the contributionof the intermediate lightmeson
decays intopp̄maybe reflected on theJ=ψp andJ=ψp̄mass
spectrum as the line shape of the reflection peaks, which can
usually mimic the resonance signals. This reflection mecha-
nism has been successfully applied in explaining some
charmoniumlike XYZ states [25–27]. Hence, what role do
the reflection contributions of possible light mesonic states
play in depicting this new J=ψp structure near 4.34 GeV is
also worth investigating.
By a combined fit to the LHCb data of three invariant

mass spectra of Bs → J=ψpp̄, we will show later that the
Pcð4337Þ structure can indeed be reproduced by including
the contributions of Pcð4380Þ with the assumption of JP ¼
3=2− together with the reflections from the exciting light
isoscalar tensor mesons around 2.0 GeV. Furthermore, we
find that our predictions for the angular distributions of
Bs → J=ψpp̄ can also meet the LHCb data well. Therefore,
this means that our perspective shows a possible new
evidence to support the existence of the Pcð4380Þ state
from the measurement of Bs → J=ψpp̄, which should
provide some valuable hints for constructing the exotic
pentaquark hadron family.
This paper is organized as follows. After the Introduction,

we study the reflection line shapes from the intermediate light
scalar and tensor mesons on the J=ψp mass spectrum of
Bs → J=ψpp̄ and the correspondingJ=ψpmass distribution
of the Pcð4380Þ contribution with two assumptions of JP ¼
1=2− and 3=2− in Sec. II. According to the research findings
in Sec. II, we perform a combined fit to three invariant mass
spectra of Bs → J=ψpp̄ in Sec. III, where we find that the
Pcð4380Þ statewith JP ¼ 3=2− can indeed play an important
role in describing the line shape of the J=ψp enhancement
around 4.34 GeV. This paper ends with a conclusion
in Sec. IV.

II. THE LIGHT MESON REFLECTIONS AND THE
ROLE OF PENTAQUARK Pcð4380Þ IN Bs → J=ψpp̄

The B=Bs meson decay is a very important experimental
platform to search for new hadronic structures. Since 2003,
many famous charmoniumlike structures were discovered

in the B meson decay processes with three-body final
states, such as Xð3872Þ [28], Yð3940Þ [29], Zð4430Þþ [30],
Yð4140Þ [31] as well as seven X structures in the J=ψϕ
spectrum and Zcsð4000Þþ and Zcsð4220Þþ in the J=ψKþ
spectrum recently reported in the Bþ → J=ψϕKþ [32].
These surprising observations have attracted a lot of
attention from theorists and experimentalists. However, it
is still a very great challenge for theorists to explain such
rich exotic structures seen in the B meson decays in a
unified theoretical framework [33–35]. Here, an available
way to alleviate the present situation is the so-called
nonresonant explanation [35].
As one of the nonresonant explanations, the reflection

mechanism in a general decay cascade process of
H → AB → AðB → CDÞ, where H is an initial state
particle, is that the distribution of an intermediate resonance
B on the invariant mass spectrum of CD can be reflected
into the other mass spectra of AC and AD as the line shapes
of reflection peaks when the system satisfies some special
kinematic and dynamical conditions [26], which may
mimic the signal of the announced exotic hadronic reso-
nances. The reflection mechanism has been succeeded in
explaining several charmoniumlike structures observed in
the electron-positron annihilation, such as Zcð3885Þ [25],
Zcð4025Þ [25], and Zcsð3985Þ [27].
If carefully checking the LHCb data of Bs → J=ψpp̄ [1],

one can actually see several suspected enhancements or
dips near 2.0 and 2.2 GeV in the pp̄ mass spectrum, which
are ignored in the experimental analysis because of the low
statistics of the data. Thus, these interesting clues inspire us
to explore whether the reflections from higher light meson
states play the important roles in producing the Pcð4337Þ
structure seen in the mass spectrum of J=ψp. By consulting
the Particle Data Group (PDG) [36], we find that the
productions of the ground states and many excited states of
light isoscalar scalar and tensor mesons accompanied by a
J=ψ in the Bs meson decay have been confirmed such as
Bs → ðf0ð980Þ=f0ð1790Þ → πþπ−ÞJ=ψ [37,38] and Bs →
ðf2ð1270Þ=f02ð1525Þ → πþπ−ÞJ=ψ [38,39]. Hence, we
mainly consider the scalar and tensor light mesons with
quantum numbers JP ¼ 0þ and 2þ in this work, respec-
tively. Of course, in addition to the reflection contributions
from possible highly excited light meson decays into pp̄,
there also exist two other production mechanisms, i.e.,
Bs → ðP−

c → J=ψp̄Þp and Bs → ðPþ
c → J=ψpÞp̄, where

Pc is an exotic pentaquark state. Before introducing a new
pentaquark, we conjecture that this J=ψp enhancement
around 4.34 GeV can also be caused by a nearby pentaquark
state because the resonance that is close to the threshold may
deviate from the standard Breit-Wigner distribution. Here,
the narrow Pcð4312Þ state, which was first established in the
2019 updated measurement of Λb → J=ψpK [2], is near the
4.34 GeV. In addition, there exists another candidate of a
pentaquark reported in the J=ψp invariant mass spectrum,
which is named the Pcð4380Þ in the measurement of the
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same decay process of Λb → J=ψpK in 2015 [24].
However, there is a serious problem that this more broad
state was not further confirmed in the 2019 LHCb meas-
urement [2]. Therefore, it will be an intriguing topic to
explore the role of Pcð4380Þ in describing the line shape of
the J=ψp mass distribution in Bs → J=ψpp̄.
For studying these underlying contributions in Bs →

J=ψpp̄ as mentioned above, we adopt the effective
Lagrangian approach. The relevant Lagrangian densities
are listed below [40–47]:

LR0NN ¼ gR0NNN̄R0N; ð1Þ

LR2NN ¼ gR2NN∂μN̄∂νNR2μν; ð2Þ

LψNPc
¼ −gψNPc

ðN̄γμψ
μPc þ P̄cγμψ

μNÞ; ð3Þ

LψNP�
c
¼ −gψNP�

c
ðN̄ψμP

�μ
c þ P̄�μ

c ψμNÞ; ð4Þ

LBsR0ψ ¼ gBsR0ψBs∂μR0ψ
μ; ð5Þ

LBsR2ψ ¼ gBsR2ψ∂μBs∂λR
μν
2 ∂νψ

λ; ð6Þ

LBsNPc
¼ −gBsNPc

ðN̄γ5γ
μPc∂μBs − P̄cγ5γ

μN∂μBsÞ; ð7Þ

LBsNP�
c
¼ −gBsNP�

c
ðN̄γ5γ

μP�ν
c ∂μ∂νBs þ P̄�ν

c γ5γ
μN∂μ∂νBsÞ;

ð8Þ

where R0 and R2 are the light meson fields with JP ¼ 0þ
and 2þ, respectively, and Pc and P�ν

c stand for the
pentaquark fields with JP ¼ 1=2− and 3=2−, respectively.
By the above Lagrangian densities, the decay amplitudes of
the Bsðp1Þ→R0=2ðqÞJ=ψðp3Þ→pðp4Þp̄ðp5ÞJ=ψðp3Þ can
be written as

AðBs → ðR0 → pp̄ÞJ=ψÞ

¼ g1ðq · ϵψÞūðp4Þvðp5ÞF ðq2; mR0
Þ

q2 −m2
R0

þ imR0
ΓR0

;

AðBs → ðR2 → pp̄ÞJ=ψÞ

¼ g2ðq · ϵψÞūðp4Þvðp5ÞF ðq2; m2
R2
Þ

q2 −m2
R2

þ imR2
ΓR2

×Gμανβp
μ
4p

α
5p

ν
1p

β
3; ð9Þ

where Gμανβ ¼ 1
2
ðg̃μνg̃αβ þ g̃μβg̃ανÞ − 1

3
g̃μαg̃νβ with g̃μν ¼

−gμν þ qμqν=m2
R2

is the spin projection operator of tensor
particle, and g1=g2 absorbs all constant terms in the
amplitude. Here, the form factor F ðq2; mRÞ ¼ Λ4=ðΛ4 þ
ðq2 −m2

RÞ2Þ is introduced to describe the off-shell effect of
the intermediate resonance state [48–51], and the cutoff Λ
will be taken as one in the following calculations.

Additionally, the decay amplitudes of the Bsðp1Þ →
Pð�Þþ
c ðq0Þp̄ðp5Þ → J=ψðp3Þpðp4Þp̄ðp5Þ can be given by

AðBs → ðPþ
c → J=ψpÞp̄Þ

¼ g3ūðp4Þγνðq 0 þmPc
Þγ5γμvðp5Þ

q02 −m2
Pc

þ imPc
ΓPc

× pμ
1ϵ

ν
ψF ðq02; mPc

Þ;
AðBs → ðP�þ

c → J=ψpÞp̄Þ

¼ g4ūðp4Þðq 0 þmP�
c
Þγ5γλvðp5Þ

q02 −m2
P�
c
þ imP�

c
ΓP�

c

× Eμνpλ
1p

ν
1ϵ

μ
ψF ðq02; mP�

c
Þ; ð10Þ

where Eμν ¼ −gμν þ 1
3
γμγν þ 1

3mP�c
ðγμq0ν − γνq0μÞ þ 2q0μq0ν

3m2
P�c
.

Similarly, the decay amplitudes of the Bsðp1Þ →
Pð�Þ−
c ðq00Þpðp4Þ → J=ψðp3Þp̄ðp5Þpðp4Þ can be directly

obtained by replacing q0 in Eq. (10) with ðp1 − p4Þ.
Then, three invariant mass distributions of the above decay
processes can be expressed as

dσ
dmpp̄

¼ jp4jjp5
�jjAj2

ð2πÞ516m2
Bs

dΩ4dΩ�
5; ð11Þ

dσ
dmJ=ψp

¼ jp3jjp4
�jjAj2

ð2πÞ516m2
Bs

dΩ3dΩ�
4; ð12Þ

dσ
dmJ=ψp̄

¼ jp3jjp5
�jjAj2

ð2πÞ516m2
Bs

dΩ3dΩ�
5; ð13Þ

where p�
i and Ω�

i are the corresponding three-momentum
and solid angle in the center of mass frame of the invariant
mass system, respectively.
The line shapes of differential decay widths of the Bs →

J=ψðR0=R2Þ → J=ψðpp̄Þ on the invariant mass J=ψp
with three typical resonance parameters of ðmR;ΓRÞ ¼
ð1.90; 0.1Þ; ð2.05; 0.1Þ and (2.20,0.1) GeV are presented in
Figs. 1(a) and 1(b). It can be seen that the reflections from
light scalar mesons basically play a background role and
light tensor mesons can produce the line shape of a
reflection peak in the invariant mass distribution of
J=ψp, whose peak position depends on the resonance
mass of an intermediate mesonic state. Furthermore, we
investigate the pentaquark contributions from narrow
Pcð4312Þ and broad Pcð4380Þ states with the assumption
of JP ¼ 1=2− and 3=2− for the J=ψp invariant mass
spectrum, which are shown in Figs. 1(c) and 1(d).
Interestingly, we find that the contribution of a narrow
Pcð4312Þ state shows a standard Breit-Wigner line shape,
but the peak position of Pcð4380Þ obviously deviates from
its resonance mass. The reason for this is that the Pcð4380Þ
state is close to the upper limit of J=ψp phase space in
Bs → J=ψpp̄ and simultaneously has a relatively large
width, whose invariant mass distribution could be more
easily affected by the phase space function and amplitude
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structure. Thus, the more broad Pcð4380Þ state has the
potential to explain the newly reported J=ψp structure
around 4.34 GeV in Bs → J=ψpp̄, and the possibility of
Pcð4312Þ can be basically excluded.
From Fig. 1(d), one can see that there is a significantly

large discrepancy between a peak position and resonance
mass when assuming the quantum number JP of Pcð4380Þ
to be 3=2− compared with the case of Pcð4380Þ with
JP ¼ 1=2−. Specifically, the corresponding peak position
of Pcð4380Þ is found at 4340 MeV if taking the LHCb
central value of mPcð4380Þ ¼ 4380 MeV and a ΓPcð4380Þ ¼
205 MeV [24] as input. It is worth noticing that this result
corresponds exactly to the reported resonance mass of the
Pcð4337Þ� structure in decay process Bs → J=ψpp̄ [1].
Hence, this finding gives us enough confidence to speculate
that this newly reported J=ψp structure near 4.34 GeV may
be not a new pentaquark candidate, where the missing
pentaquark Pcð4380Þ in the 2019 updated data of Λb →
J=ψpK [2] plays a considerable role. Of course, the
premise of this argument is based on that the spin parity
of Pcð4380Þ should be 3=2− instead of 1=2−. In the next
section, we will explore this possibility carefully by fitting
the experimental data of Bs → J=ψpp̄.

III. DEPICTING THE Pcð4337Þ STRUCTURE IN
THE INVARIANT MASS SPECTRUM OF J=ψp

As presented in the former section, the reflections from
light tensor mesons or the Pcð4380Þ state with JP ¼ 3=2−

can produce the peak line shape on the J=ψp mass
spectrum, both of which may explain the signal of
Pcð4337Þ. In order to demonstrate the existence of
Pcð4380Þ in Bs → J=ψpp̄, we first study the possibility
to explain the Pcð4337Þ signal by considering the reflection
mechanism from light-flavor f2 mesonic states alone.

Because the phase space of the pp̄ mass spectrum in Bs →
J=ψpp̄ is limited to the range of 1876–2270 MeV, we only
need to investigate the f2 meson states around 2.0 GeV. In
Ref. [52], the Lanzhou Group had made a very compre-
hensive research on the f2 meson family around 2.0 GeV,
whose concise information is summarized in Table I. It is
worth emphasizing that f2ð2200Þ is a predicted radially
excited state from the Regge tragectory extrapolation,
whose width is estimated to be about 30–70 MeV when
R ¼ 4.0–4.4 GeV−1 [52]. Here, we adopted a typical
resonance parameter of m ¼ 2.2 GeV and Γ ¼ 0.05 GeV
for f2ð2200Þ. As a matter of fact, the total widths of light
isoscalar tensor mesons near 2.0 GeVare generally smaller
than those of other light meson states such as light isoscalar
scalar mesons [36]. Thus, it is not easy to distinguish the
contributions of other light mesons from the direct back-
ground. Based on this point, in the following analysis, we
mainly focus on the reflections from three isoscalar tensor
states f2ð1910Þ, f2ð2150Þ and f2ð2200Þ. For the reason of
decreasing the fitting parameters, we do not consider the
f2ð2010Þ state, which is a candidate of an F-wave state and
this high partial wave contribution is assumed to be
suppressed. Additionally, we also notice that these f2
states have been experimentally observed in low energy
pp̄ collisions [53–57]. Thus, this indicates that it should be
reasonably enough to attribute several suspected signals
seen in the measured pp̄ invariant mass spectrum of Bs →
J=ψpp̄ [1] to the resonance contributions from the f2
mesons around 2.0 GeV. In the concrete fit to the invariant
mass spectra of Bs → J=ψpp̄, we still need a direct
coupling term in the total decay amplitude, which can
be written as

ATotal ¼ ANonpeak þ
X

i

eiϕiAðBs → ðfðiÞ2 → pp̄ÞJ=ψÞ

ð14Þ

with

ANonpeak ¼ gNopūðp4Þðγ · ϵψÞvðp5Þ
× ðmpp̄ − 2mpÞaðmBs

−mJ=ψ −mpp̄Þb; ð15Þ

where the factor ðmpp̄ − 2mpÞaðmBs
−mJ=ψ −mpp̄Þb [58]

is introduced to phenomenologically absorb the nonpeak-
ing contributions from other intermediate light mesonic

TABLE I. The light isoscalar tensor meson family around
2.0 GeV. The listed masses and widths are in the unit of MeV.

nL f2 meson Mass [52] Width [52]

3P (nn̄) f2ð1910Þ 1903� 9 196� 31
1F (nn̄) f2ð2010Þ 2011þ60

−80 202� 60

3P (ss̄) f2ð2150Þ 2157� 12 152� 30
4P (nn̄) f2ð2200Þ 2220 50

FIG. 1. The J=ψp mass distributions of Bs → J=ψpp̄ from the
reflection contributions of scalar and tensor states with three
typical mass values of mR ¼ 1.90, 2.05, and 2.20 GeV as well as
the pentaquark contributions of Pcð4312Þ and Pcð4380Þ with the
assumption of JP ¼ 1=2− and 3=2−. Here, the dotted lines in (c)
and (d) mean the respective mass positions of Pc resonances.
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states and the index i corresponds to the selected inter-
mediate f2 resonance and ϕi is the relative phase angle.
With the above preparation, in the following, we analyze

three invariant mass spectra of Bs → J=ψpp̄ in two ways;
one is the case in which we only include the reflections
from highly exciting f2 states, and another is the case in
which we include the pentaquark contributions of
Pcð4380Þþ and Pcð4380Þ− together with f2 states, which
we name as the scheme-I and scheme-II, respectively, and
they are presented in Fig. 2.
In the scheme-I fit, it can be seen in Fig. 2 that the

reflections from the highly exciting f2 states around
2.0 GeV plotted by the dotted line can really produce a
peak line shape near 4.34 GeV in the J=ψp or J=ψp̄ mass
spectrum. However, because of the conservation of the total
decay width of Bs → J=ψpp̄, a strong enough reflection
peak to match the experimental data of the Pcð4337Þ
structure calls for an excessive distribution of the f2 states
in the pp̄mass spectrum as shown in Fig. 2. As a result, we
conclude that this J=ψp structure near 4.34 GeV cannot be
described by only considering the reflection contributions
from light meson states, and accordingly an exotic penta-
quark state that directly decays into final states of J=ψp is
needed in our theoretical analysis. In the following, we
focus on studying whether the inclusion of Pcð4380Þþ and

Pcð4380Þ− with the assumption of JP ¼ 3=2− can improve
the description to the line shape of the pp̄, J=ψp and J=ψp̄
invariant mass spectra of Bs → J=ψpp̄.
In the scheme-II fit, we add the pentaquark amplitude

term eiϕ4ðAðBs → ðP�þ
c ð4380Þ → J=ψpÞp̄Þ þAðBs →

ðP�−
c ð4380Þ → J=ψp̄ÞpÞÞ into the total amplitude of

Eq. (14), and the corresponding combined analysis to
the line shape of the invariant mass spectra of Bs →
J=ψpp̄ is shown in Fig. 2. The obtained χ2=d:o:f: value
is 1.5 and the corresponding parameters are listed in
Table II. It is worth mentioning that the total amplitude
is independent of the phase angle ϕ1 associated with
f2ð1910Þ due to the vanishing of relevant interference
term. Additionally, limited by the numerical method of the
theoretical analysis, it is hard to fit the parameter a and b in
the direct nonpeaking amplitude, and we test typical values
of a ¼ 0.457 and b ¼ 1.605. In the new scheme, both two
possible enhancements around 2.0 and 2.1 GeV and a dip
near 2.2 GeVon the invariant mass spectrum of pp̄ can be
just described well by the f2ð1910Þ, f2ð2150Þ, and
f2ð2200Þ states successfully. At the same time, the in-
triguing J=ψp and J=ψp̄ structures around 4.34 GeV can
be basically reproduced by the combined contributions
from the pentaquark Pcð4380Þ� with JP ¼ 3=2− and
reflection peaks of light isoscalar tensor meson states.

1.9 2.0 2.1 2.2
0

20

40

60

4.1 4.2 4.3 4.4
0

20

40

60

4.1 4.2 4.3 4.4
0

20

40

60

1.9 2.0 2.1 2.2

0

20

40

60

4.1 4.2 4.3 4.4
0

10

20

30

4.1 4.2 4.3 4.4
0

5

10

15

20

C
an

di
da

te
s

/(
0.

01
55

G
eV

)

m(pp) (GeV)

LHCb data
SchemeI
SchemeII

C
an

di
da

te
s

/(
0.

01
35

G
eV

)

m(J/ψp) (GeV)

LHCb data
SchemeI
SchemeII

C
an

di
da

te
s

/(
0.

01
35

G
eV

)

m(J/ψp) (GeV)

LHCb data
SchemeI
SchemeII

C
an

di
da

te
s

m(pp) (GeV)

SchemeI-Background
SchemeI-f (1910), f (2150) and f (2200)

SchemeII-Background
SchemeII-f (1910), f (2150) and f (2200)

SchemeII-P (4380)+ and P (4380)-

C
an

di
da

te
s

m(J/ψp)/m(J/ψp) (GeV)

SchemeI-Background
SchemeI-f (1910), f (2150) and f (2200)

C
an

di
da

te
s

m(J/ψp)/m(J/ψp) (GeV)

SchemeII-Background
SchemeII-f (1910), f (2150) and f (2200)

SchemeII-P (4380) and P (4380)

FIG. 2. The combined fit to the LHCb measurement of the invariant mass spectra of pp̄, J=ψp and J=ψp̄ in the Bs → J=ψpp̄. Here,
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with the assumption of JP ¼ 3=2−, respectively.
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Consequently, our theoretical analysis of the invariant mass
spectra of Bs → J=ψpp̄ provides a direct evidence for the
existence of Pcð4380Þ�.
We notice an interesting point that Pcð4380Þ was

generally predicted as a bound state of S-wave D̄Σ�
c

molecule in the past theoretical studies [59–68], where
the spin parity of JP ¼ 3=2− can be naturally obtained.
Thus, once the opinion is confirmed in the future precise
measurement that the J=ψp structure around 4.34 GeV in
Bs → J=ψpp̄ can be ascribed to the dominant Pcð4380Þ�
contribution, then, this will be strong evidence to support
the molecular nature of the Pcð4380Þ state. In order to
further test our perspective, utilizing the fitting parameters
listed in Table II, we predict the angular distribution
information of Bs → J=ψpp̄, which can be directly com-
pared with the relevant experimental data.
The predicted differential decay widths of Bs → J=ψpp̄

vs cos θp and ϕp are presented in Fig. 3. Here, θp and ϕp

mean the solid angles between the proton direction in the
rest frame of the pp̄ system and a bachelor J=ψ particle.
For the angular distribution against cos θp, it can be seen
that the LHCb experimental data can well match our
theoretical predictions. Interestingly, the line shape of
the contributions of Pcð4380Þþ and Pcð4380Þ− is obvi-
ously different from those of the reflections from the f2
states. Therefore, we suggest experimentalists to exactly
measure the angular distribution of Bs → J=ψpp̄ on cos θp,
which should be helpful to distinguish the contribution of
Pcð4380Þ�. The angular distribution of Bs → J=ψpp̄ on ϕp

should be symmetric for different types of production
processes, so the theoretical prediction for the distribution
line shape is a straight line, which is also consistent with the
corresponding LHCb data within the margin of errors.
Combined with the description of the invariant mass spectra
and angular distributions for Bs → J=ψpp̄, we actually give
a new perspective to decode the nature of the newly observed
J=ψp structure near 4.34 GeV. Simultaneously, this points

out possible new evidence for the existence of Pcð4380Þ�
with JP ¼ 3=2− from the measurements of Bs → J=ψpp̄,
and specifically this quantum number assignment agrees
with the molecular explanation of Pcð4380Þ.

IV. CONCLUSIONS

Searching for the exotic multiquark hadronic states has
been an extremely significant issue of hadron physics. In
the past several decades, the observations of many char-
moniumlike XYZ states and three Pc states in Λb →
J=ψpK have motivated extensive exploration of hidden-
charm tetraquark and pentaquark hadrons [34,35]. An
exciting advance in the field of multiquark states continues.
Very recently, the LHCb collaboration released the mea-
surements of the decay process Bs → J=ψpp̄ [1], where a
new pentaquark candidate Pcð4337Þ with the statistical
significance of 3.1–3.7σ was observed in the J=ψp
invariant mass spectrum. Contrary to previously reported
Pcð4312Þ, Pcð4440Þ, and Pcð4457Þ in Λb → J=ψpK [2],
which can naturally correspond to the loosely bound D̄ð�ÞΣc

TABLE II. The parameters of the fit to three invariant mass
spectra of Bs → J=ψpp̄ in the scheme-I and scheme-II, where ϕ2,
ϕ3 and ϕ4 correspond to the phase angles associated with
f2ð2150Þ, f2ð2200Þ, and Pcð4380Þ, respectively. Here, the
χ2=d:o:f: of the scheme-I and scheme-II fits are 4.3 and 1.5,
respectively.

Parameters Scheme-I Scheme-II

jgf2ð1910Þ=gNopj 0.072� 0.006 0.099� 0.014
jgf2ð2150Þ=gNopj 0.108� 0.005 0.142� 0.015
jgf2ð2200Þ=gNopj 0.219� 0.015 0.371� 0.049
jgPcð4380Þ=gNopj � � � 0.0013� 0.0002
ϕ2 3.57� 0.04 3.71� 0.04
ϕ3 2.39� 0.11 2.04� 0.09
ϕ4 � � � 1.43� 0.16
a (input) 0.457 0.457
b (input) 1.605 1.605
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FIG. 3. The comparison between the predicted angular distri-
butions of decay process Bs → J=ψpp̄ and the corresponding
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[8–18], it is not an easy task to explain the nature of this
newly observed J=ψp structure around 4.34 GeV [19–22].
In this work, we have proposed an unconventional

explanation to the observations of the Bs → J=ψpp̄, where
two possibilities have been mainly investigated. The first
possibility is that this J=ψp enhancement around 4.34 GeV
can be caused by a nearby pentaquark Pcð4380Þ state
because this near-threshold resonance may deviate from the
standard Breit-Wigner distribution. By a concrete research,
we have found that the spin-parity assignment of JP ¼
3=2− to Pcð4380Þ can indeed produce a resonance dis-
tribution in the J=ψp mass spectrum with a peak position
near 4.34 GeV. The second possibility is that the reflection
mechanism from the intermediate f2 meson decays into
pp̄, which can mimic the resonance signal in the J=ψp
distribution. After careful comparison between the LHCb
data on the pp̄ invariant mass spectrum of Bs → J=ψpp̄,
we have found that several suspected signals can be just
related to three highly exciting f2ð1910Þ, f2ð2150Þ, and
f2ð2200Þ states around 2.0 GeV. Based on these research
results, we have further carried out a combined fit to the
LHCb data of three invariant mass spectra of Bs → J=ψpp̄
with two fit scenarios. It can be concluded that the only
reflection contributions cannot simultaneously describe the
line shapes of three invariant mass spectra, and inclusion of
the contributions of Pcð4380Þþ and Pcð4380Þ− with JP ¼
3=2− is absolutely necessary, which can largely improve

whole fitting quality. Furthermore, our predictions for the
angular distributions of Bs → J=ψpp̄ can also match the
corresponding LHCb data well.
The theoretical analysis here means that our perspective

of decoding the Pcð4337Þ structure provides a new evi-
dence to support the existence of the missing Pcð4380Þ
state in the 2019 updated data of Λb → J=ψpK [2]. More
importantly, the assignment of JP ¼ 3=2− is a natural result
of a loosely S-wave D̄Σ�

c molecular bound state. Thus, the
determination of this quantum number agrees with the D̄Σ�

c
molecular configuration of Pcð4380Þ. Together with three
molecular pentaquark candidates Pcð4312Þ, Pcð4440Þ, and
Pcð4457Þ, the Pcð4380Þ state can further enlarge the
present molecular pentaquark hadron family. It is worth
expecting that our argument can be tested in future precise
measurements of Bs → J=ψpp̄, especially on the run III
data of LHC [69].
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