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Very recently, the LHCb collaboration released the newest measurements of B, — J/ypp, where an
enhancement structure near 4.34 GeV was observed in the invariant mass spectrum of J/yp with the
statistical significance of 3.1-3.7¢. In this work, by performing a combined analysis for the three invariant
mass spectra of B, — J/wpp, we find that this J/wp structure near 4.34 GeV can correspond to the
contributions from the P.(4380)7 state with the assumption of J¥ = 3/2 together with the reflections of
By — (f3 — pp)J/w. Here, P.(4380) was first observed in A, — J/wpK but not confirmed in the
updated LHCD data in 2019, and f3 means the exciting light isoscalar tensor meson around 2.0 GeV. Thus,
this provides a possible evidence to support the existence of the pentaquark P.(4380). Specifically, the
assumed spin parity J* = 3/2~ of P,(4380) is consistent with a prediction of the theoretical explanation of

an S-wave DX’ molecular bound state.
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I. INTRODUCTION

Very recently, the LHCb collaboration announced the
observation of a new pentaquark-like structure P.(4337)"
with a relatively low statistical significance of 3.1-3.7¢ in
the J/wp invariant mass spectrum of B, — J/wpp [1].
The resonance parameters of this newly observed P,
structure are different from those of the currently known
pentaquark states reported in the A, — J/ywpK by LHCb,
which include P.(4312)", P.(4440)*, and P.(4457)" [2].
Specifically, these three P, structures that are all slightly
below the thresholds of di-hadrons composed of an S-wave
charmed baryon X, and an S-wave anticharmed meson D or
D have provided strong evidence for the existence of the
hidden-charm molecular pentaquarks, where P.(4312)",
P.(4440)*, and P.(4457)" can just correspond to the S-
wave loosely bound states of the DX, with J© =1/2",
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D*X, with JP =1/27, and J* =3/2~ [3-18], respec-
tively. Therefore, it seems that this newly observed
P.(4337) cannot be assigned to the same theoretical
configuration with the above three P, states. In this
situation, it is a challenging task for theorists to understand
the origin of P.(4337).

After the release of measurements of B, — J/ypp, there
have been several theoretical works to discuss the nature of
P.(4337) [19-23]. In Ref. [19], Yan et al. proposed three
possible theoretical explanations, i.e., a hadrocharmonium
of y.op bound state, D*A, and DX, state close to threshold
and D*A, and DX coupled channel dynamics. Although
the magnitude of P.(4337) 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 A, — J/wpK with large reconstructed events [2].
The authors in Ref. [22] suggested that the P.(4312) and
P.(4337) can be created by different interference patterns
between the £.D and A,D* threshold cusps, which can
give a reasonable interpretation to the phenomenon that the
P.(4312) and P.(4337) peaks appear in A, — J/ywpK and
B, — J/wpp, respectively.

In this work, we propose a completely different per-
spective to decode the nature of P.(4337). Here is an
interesting possibility that the peak position of this J/yp
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/wp phase space in B, = J/wpp. In fact, there exists a
potential candidate to explain the LHCb observation with-
out introducing a new pentaquark state P.(4337). Let us
recall P.(4380), which was first reported in the J/y p mass
spectrum of A, = J/wpK 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 P.(4380) 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/y p mass
distribution of B, — J/wpp and A, — J/ypK. In addition
to this possibility, we also notice that there are several
suspected signals in the p p invariant mass spectrum of B, —
J/wpp despite the low statistical significance [1].
Interestingly, the contribution of the intermediate light meson
decaysinto p p may be reflected on the J /w p and J /y p mass
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/y p structure near 4.34 GeV is
also worth investigating.

By a combined fit to the LHCb data of three invariant
mass spectra of B, — J/wpp, we will show later that the
P.(4337) structure can indeed be reproduced by including
the contributions of P.(4380) with the assumption of J© =
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
B, — J/wpp can also meet the LHCb data well. Therefore,
this means that our perspective shows a possible new
evidence to support the existence of the P.(4380) state
from the measurement of B, — J/wpp, 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/wp mass spectrum of
B, — J/wpp and the corresponding J /y p mass distribution
of the P.(4380) contribution with two assumptions of J* =
1/27 and 3/27 in Sec. II. According to the research findings
in Sec. II, we perform a combined fit to three invariant mass
spectra of By — J/wpp in Sec. III, where we find that the
P.(4380) state with J* = 3/2~ can indeed play an important
role in describing the line shape of the J/w p enhancement
around 4.34 GeV. This paper ends with a conclusion
in Sec. IV.

II. THE LIGHT MESON REFLECTIONS AND THE
ROLE OF PENTAQUARK P,(4380) IN B, — J /ypp

The B/B, 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 X(3872) [28], Y(3940) [29], Z(4430)" [30],
Y(4140) [31] as well as seven X structures in the J/y¢
spectrum and Z,,(4000)" and Z.;(4220)" in the J/wK™"
spectrum recently reported in the BT — J/w¢K™ [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 - A(B — CD), 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 Z.(3885) [25],
Z.(4025) [25], and Z.,(3985) [27].

If carefully checking the LHCb data of B, — J/wpp [1],
one can actually see several suspected enhancements or
dips near 2.0 and 2.2 GeV in the pp 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 P.(4337)
structure seen in the mass spectrum of J/y p. 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/y in the B, meson decay have been confirmed such as
B, = (f0(980)/f0(1790) - ntz~)J /w [37,38] and B, —
(f2(1270)/ f5(1525) - n*z~)J /w [38,39]. Hence, we
mainly consider the scalar and tensor light mesons with
quantum numbers J¥ = 0T and 2" in this work, respec-
tively. Of course, in addition to the reflection contributions
from possible highly excited light meson decays into pp,
there also exist two other production mechanisms, i.e.,
B, —» (P; = J/wp)p and B, — (P} — J/yp)p, where
P, is an exotic pentaquark state. Before introducing a new
pentaquark, we conjecture that this J/wp 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 P.(4312) state, which was first established in the
2019 updated measurement of A, = J/w pK [2], is near the
4.34 GeV. In addition, there exists another candidate of a
pentaquark reported in the J/yp invariant mass spectrum,
which is named the P.(4380) in the measurement of the
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same decay process of A, — J/wpK 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 P.(4380) in describing the line shape of
the J/wp mass distribution in B, — J/ywpp.

For studying these underlying contributions in B, —
J/wpp as mentioned above, we adopt the effective
Lagrangian approach. The relevant Lagrangian densities
are listed below [40-47]:

Lrnn = 9rnwNRN, (1)
['RgNN = gRZNNaﬂN "N Rzﬂw (2)

Lynp, = =9ynp, Ny w*P. + Py y*N),  (3)

Lynp: = —gynp: (Ny, P + PPy, N), (4)
£BSR0W = gB;Rol//BSaﬂROWﬂ7 (5)
LRy = ,Ry 0B RS 0w, (6)

*CBJNPF = —Y9B,NP, (NVS}’”PcaﬂBs - PC}IS}/”NaﬂBS)’ (7)
Ly np: = —gp np: (Nysy* Pir0,0,B, + Pi*ysy*NO,0,By).

(8)
where R, and R, are the light meson fields with J* = 0*
and 2%, respectively, and P. and P} stand for the

pentaquark fields with J© = 1/2~ and 3/2", respectively.
By the above Lagrangian densities, the decay amplitudes of

the B;(p1) = Ro2(9)J /w(p3) = p(ps) p(ps)J /w(ps) can
be written as
A(B; = (Rog = pp)J/w)
91(q - €,)ia(ps)v(ps)F(q*. mg,)
q*> - m%% + imgp, Iz,
A(B; = (R, = pp)J/w)
92(q - €,)a(pa)v(ps)F(q* m%,)
N q*> —my, +img,I'g,

’

X Gyauﬂpgpgplfpg’ (9)

where G;wwﬂ = %(g/u/gaﬁ + gﬂ/}gau) - %g;tagvﬁ with g/w =
—9uw + 4,9,/ m%zz is the spin projection operator of tensor
particle, and g¢;/g, absorbs all constant terms in the
amplitude. Here, the form factor F(q?, mz) = A*/(A* +
(g* — m%)?) is introduced to describe the off-shell effect of
the intermediate resonance state [48—51], and the cutoff A
will be taken as one in the following calculations.

Additionally, the decay amplitudes of the B,(p;) —
PET(q)p(ps) = J/w(p3)p(pa)(ps) can be given by

A(By = (Pf = J/wp)p)
_ 9s8(pa)ru (g + mp )ysy,v(ps)

2 2 H
q*—mp +impTp,

X plllell///f(qQ? mPC)’
A(B; = (P — J/wp)p)

_ 9ait(ps) (g + mp:)ysy,v(ps)

2 2 H
q sz + lmpil—‘p:_

x £, i piey F(q? mp.), (10)

2 /l L
where £, = =g + §7,0 + 5 (a4l ~ 14)) + 5

c

Similarly, the decay amplitudes of the Bg(p,) —

P (q")p(pa) = 1 /y(p3)B(ps)p(ps) can be directly
obtained by replacing ¢’ in Eq. (10) with (p; — p4).
Then, three invariant mass distributions of the above decay
processes can be expressed as

* 2
Qr)y16my

dm,;

* 2
Qa)16my

dmyp

* 2
Qa)16my

dmjp

where p; and € 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 B, —
J/w(Ry/R,) = J/w(pp) on the invariant mass J/yp
with three typical resonance parameters of (mg,['g) =
(1.90,0.1), (2.05,0.1) 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/wp, whose peak position depends on the resonance
mass of an intermediate mesonic state. Furthermore, we
investigate the pentaquark contributions from narrow
P.(4312) and broad P.(4380) states with the assumption
of JF =1/27 and 3/2~ for the J/yp invariant mass
spectrum, which are shown in Figs. 1(c) and 1(d).
Interestingly, we find that the contribution of a narrow
P.(4312) state shows a standard Breit-Wigner line shape,
but the peak position of P.(4380) obviously deviates from
its resonance mass. The reason for this is that the P..(4380)
state is close to the upper limit of J/yp phase space in
B, - J/wpp 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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FIG. 1. The J/wp mass distributions of B, — J/y p p from the
reflection contributions of scalar and tensor states with three
typical mass values of mp = 1.90, 2.05, and 2.20 GeV as well as
the pentaquark contributions of P.(4312) and P.(4380) with the
assumption of J¥ = 1/27 and 3/2~. Here, the dotted lines in (c)
and (d) mean the respective mass positions of P, resonances.

structure. Thus, the more broad P.(4380) state has the
potential to explain the newly reported J/wp structure
around 4.34 GeV in B; — J/wpp, and the possibility of
P.(4312) 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 J¥ of P,(4380)
to be 3/27 compared with the case of P.(4380) with
JP = 1/2~. Specifically, the corresponding peak position
of P.(4380) is found at 4340 MeV if taking the LHCb
central value of mp_(4330) = 4380 MeV and a I'p (4350) =
205 MeV [24] as input. It is worth noticing that this result
corresponds exactly to the reported resonance mass of the
P.(4337)* structure in decay process By — J/wpp [1].
Hence, this finding gives us enough confidence to speculate
that this newly reported J/y p structure near 4.34 GeV may
be not a new pentaquark candidate, where the missing
pentaquark P.(4380) in the 2019 updated data of A, —
J/wpK [2] plays a considerable role. Of course, the
premise of this argument is based on that the spin parity
of P.(4380) should be 3/2" instead of 1/27. In the next
section, we will explore this possibility carefully by fitting
the experimental data of B, — J/ypp.

III. DEPICTING THE P,(4337) STRUCTURE IN
THE INVARIANT MASS SPECTRUM OF J /yp

As presented in the former section, the reflections from
light tensor mesons or the P.(4380) state with J¥ = 3/2~
can produce the peak line shape on the J/wp mass
spectrum, both of which may explain the signal of
P.(4337). In order to demonstrate the existence of
P.(4380) in By — J/wpp, we first study the possibility
to explain the P.(4337) signal by considering the reflection
mechanism from light-flavor f, mesonic states alone.

TABLE 1. The light isoscalar tensor meson family around
2.0 GeV. The listed masses and widths are in the unit of MeV.
nL f» meson Mass [52] Width [52]
3P (nn) f>(1910) 1903 +£9 196 + 31

1F (nn) /2(2010) 201178 202 + 60

3P (s%) f2(2150) 2157+ 12 152 + 30

4P (nn) 12(2200) 2220 50

Because the phase space of the pp mass spectrum in B, —
J/wpp is limited to the range of 1876-2270 MeV, we only
need to investigate the f, meson states around 2.0 GeV. In
Ref. [52], the Lanzhou Group had made a very compre-
hensive research on the f, meson family around 2.0 GeV,
whose concise information is summarized in Table I. It is
worth emphasizing that f,(2200) is a predicted radially
excited state from the Regge tragectory extrapolation,
whose width is estimated to be about 30-70 MeV when
R = 4.0-4.4 GeV™' [52]. Here, we adopted a typical
resonance parameter of m = 2.2 GeV and I' = 0.05 GeV
for £,(2200). As a matter of fact, the total widths of light
isoscalar tensor mesons near 2.0 GeV are 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 f,(1910), f,(2150) and f,(2200). For the reason of
decreasing the fitting parameters, we do not consider the
f2(2010) 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 f,
states have been experimentally observed in low energy
pp collisions [53-57]. Thus, this indicates that it should be
reasonably enough to attribute several suspected signals
seen in the measured pp invariant mass spectrum of B, —
J/wpp [1] to the resonance contributions from the f,
mesons around 2.0 GeV. In the concrete fit to the invariant
mass spectra of B, — J/wpp, we still need a direct
coupling term in the total decay amplitude, which can
be written as

ATotal — ANonpeak + ZeiqbiA(BS N (f<21) - p]_)).//l//)
(14)
with

ANonpeak = gNopﬁ(p4)(y ’ 6,,,)1)([75)

x (mpi’ - zmp)u(mB,- — My = mpi?)h’ (15)
where the factor (m,,; —2m,)*(mg_—m,, — mm-?)b [58]
is introduced to phenomenologically absorb the nonpeak-

ing contributions from other intermediate light mesonic
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FIG. 2. The combined fit to the LHCb measurement of the invariant mass spectra of pp, J/wp and J/wp in the B, — J/wpp. Here,
the scheme-I and scheme-1I fits are adopted, which correspond to the cases without and with the pentaquark contribution of P, (4380)*

with the assumption of J¥ = 3/2~, respectively.

states and the index i corresponds to the selected inter-
mediate f, resonance and ¢; is the relative phase angle.

With the above preparation, in the following, we analyze
three invariant mass spectra of B, — J/w pp in two ways;
one is the case in which we only include the reflections
from highly exciting f, states, and another is the case in
which we include the pentaquark contributions of
P.(4380)" and P.(4380) together with f, 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 f, states around
2.0 GeV plotted by the dotted line can really produce a
peak line shape near 4.34 GeV in the J/wp or J/w p mass
spectrum. However, because of the conservation of the total
decay width of B, — J/wpp, a strong enough reflection
peak to match the experimental data of the P.(4337)
structure calls for an excessive distribution of the f, states
in the pp mass spectrum as shown in Fig. 2. As a result, we
conclude that this J/y p 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/wp is
needed in our theoretical analysis. In the following, we
focus on studying whether the inclusion of P.(4380)" and

P,(4380)~ with the assumption of J¥ = 3/2~ can improve
the description to the line shape of the pp, J/wp and J/ywp
invariant mass spectra of B, — J/ypp.

In the scheme-II fit, we add the pentaquark amplitude
term e (A(B; — (P:*(4380) = J/yp)p) + A(B, —
(P:(4380) - J/wp)p)) into the total amplitude of
Eq. (14), and the corresponding combined analysis to
the line shape of the invariant mass spectra of B, —
J/wpp is shown in Fig. 2. The obtained y?/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 ¢, associated with
f2(1910) 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 = 0.457 and b = 1.605. In the new scheme, both two
possible enhancements around 2.0 and 2.1 GeV and a dip
near 2.2 GeV on the invariant mass spectrum of pp can be
just described well by the f,(1910), f,(2150), and
f2(2200) states successfully. At the same time, the in-
triguing J/wp and J/yp structures around 4.34 GeV can
be basically reproduced by the combined contributions
from the pentaquark P.(4380)* with J” =3/2~ and
reflection peaks of light isoscalar tensor meson states.
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TABLE II. The parameters of the fit to three invariant mass
spectra of B, — J/wpp in the scheme-I and scheme-II, where ¢,,
¢3 and ¢, correspond to the phase angles associated with
f2(2150), f»(2200), and P.(4380), respectively. Here, the
y?/d.of. of the scheme-I and scheme-II fits are 4.3 and 1.5,
respectively.

Parameters Scheme-I Scheme-II
|gf2(]910)/gNop| 0.072 £ 0.006 0.099 £0.014
97, (2150)/ INop| 0.108 + 0.005 0.142 +£0.015
|gf2(2200)/gNop| 0219 + 0015 0371 + 0049
|gPu(4380) /gNop‘ e 00013 i 00002
b 3.57 £0.04 3.71 £0.04
b3 2.39 £0.11 2.04 +0.09
o 1.43 £0.16

a (input) 0.457 0.457

b (input) 1.605 1.605

Consequently, our theoretical analysis of the invariant mass
spectra of B, — J/wpp provides a direct evidence for the
existence of P,(4380).

We notice an interesting point that P.(4380) was
generally predicted as a bound state of S-wave DX}
molecule in the past theoretical studies [59-68], where
the spin parity of J* = 3/2~ can be naturally obtained.
Thus, once the opinion is confirmed in the future precise
measurement that the J/y p structure around 4.34 GeV in
B, — J/wpp can be ascribed to the dominant P,(4380)*
contribution, then, this will be strong evidence to support
the molecular nature of the P.(4380) state. In order to
further test our perspective, utilizing the fitting parameters
listed in Table II, we predict the angular distribution
information of B; — J/wpp, which can be directly com-
pared with the relevant experimental data.

The predicted differential decay widths of By — J/wpp
vs cos 0, and ¢, are presented in Fig. 3. Here, 6, and ¢,
mean the solid angles between the proton direction in the
rest frame of the pp system and a bachelor J/y particle.
For the angular distribution against cos @,, it can be seen
that the LHCb experimental data can well match our
theoretical predictions. Interestingly, the line shape of
the contributions of P.(4380)" and P.(4380)~ is obvi-
ously different from those of the reflections from the f,
states. Therefore, we suggest experimentalists to exactly
measure the angular distribution of B; — J/wpp oncos@,,,
which should be helpful to distinguish the contribution of
P.(4380)*. The angular distribution of B; — J/wpp on ¢,
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 B, — J/w pp, we actually give
anew perspective to decode the nature of the newly observed
J/wp structure near 4.34 GeV. Simultaneously, this points
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FIG. 3. The comparison between the predicted angular distri-
butions of decay process B, — J/wpp and the corresponding
experimental data.

out possible new evidence for the existence of P.(4380)*
with J¥ = 3/2~ from the measurements of B; — J/ypp,
and specifically this quantum number assignment agrees
with the molecular explanation of P_.(4380).

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 P, states in A, —
J/wpK 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 B, — J/wpp [1], where a
new pentaquark candidate P.(4337) with the statistical
significance of 3.1-3.7¢ was observed in the J/yp
invariant mass spectrum. Contrary to previously reported
P.(4312), P.(4440), and P.(4457) in A, — J/ypK [2],
which can naturally correspond to the loosely bound D™,
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[8—18], it is not an easy task to explain the nature of this
newly observed J/y p structure around 4.34 GeV [19-22].

In this work, we have proposed an unconventional
explanation to the observations of the B, — J/w pp, where
two possibilities have been mainly investigated. The first
possibility is that this J/y p enhancement around 4.34 GeV
can be caused by a nearby pentaquark P.(4380) 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 J¥ =
3/27 to P.(4380) can indeed produce a resonance dis-
tribution in the J/y p mass spectrum with a peak position
near 4.34 GeV. The second possibility is that the reflection
mechanism from the intermediate f, meson decays into
pp, which can mimic the resonance signal in the J/yp
distribution. After careful comparison between the LHCb
data on the pp invariant mass spectrum of B, — J/wpp,
we have found that several suspected signals can be just
related to three highly exciting f,(1910), f,(2150), and
f2(2200) 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 B, — J/wpp
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 P,(4380)" and P.(4380)~ with J¥ =
3/27 is absolutely necessary, which can largely improve

whole fitting quality. Furthermore, our predictions for the
angular distributions of B; — J/wpp can also match the
corresponding LHCb data well.

The theoretical analysis here means that our perspective
of decoding the P.(4337) structure provides a new evi-
dence to support the existence of the missing P.(4380)
state in the 2019 updated data of A, - J/wpK [2]. More
importantly, the assignment of J¥ = 3 /27 is a natural result
of a loosely S-wave DX} molecular bound state. Thus, the
determination of this quantum number agrees with the DX
molecular configuration of P.(4380). Together with three
molecular pentaquark candidates P.(4312), P.(4440), and
P.(4457), the P.(4380) 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 B, — J/wpp, especially on the run III
data of LHC [69].
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