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The first hidden-charm pentaquark candidate with strangeness, PΛ
ψsð4338Þ, was recently discovered in

B− → J=ψΛp̄ by the LHCb Collaboration. PΛ
ψsð4338Þ shows up as a bump at the ΞcD̄ threshold in the

J=ψΛ invariant mass (MJ=ψΛ) distribution. The MJ=ψΛ distribution also shows a large fluctuation at the

ΛcD̄s threshold, hinting the existence of a possible PΛ
ψsð4255Þ. In this work, we determine the PΛ

ψsð4338Þ
and PΛ

ψsð4255Þ pole positions for the first time. For this purpose, we fit a B− → J=ψΛp̄ model to the

MJ=ψΛ, MJ=ψp̄, MΛp̄, and cos θK� distributions from the LHCb simultaneously; χ2=ndf ∼ 1.21. Then we

extract PΛ
ψs poles from a unitary ΞcD̄-ΛcD̄s coupled-channel scattering amplitude built in the model. In our

default fit, the PΛ
ψsð4338Þ pole is found at ð4338.2� 1.4Þ–ð1.9� 0.5Þi MeV while the PΛ

ψsð4255Þ pole at
4254.7� 0.4 MeV. The PΛ

ψsð4338Þ and PΛ
ψsð4255Þ are mostly ΞcD̄ bound and ΛcD̄s virtual states,

respectively. Through our analysis, the data disfavors a hypothesis of PΛ
ψsð4338Þ as merely a kinematical

effect. This pole determination, which is important in its own right, sets a primary basis to study the nature
of the PΛ

ψs states.

DOI: 10.1103/PhysRevD.108.L011501

I. INTRODUCTION

Since the foundation of the quark model, we have been
addressing the fundamental question; “What form of the
matter can be built from quarks?” Recent experimental
discoveries of pentaquark and tetraquark candidates have
decisively widened our territory of the conventional qqq
and qq̄ hadrons to include qualitatively different qqqqq̄,
qqq̄ q̄, and even more exotic structures; see reviews [1–8].
Establishing the (non)existence of pentaquark and tetra-
quark states is now essential to answer the above funda-
mental question.
The existence of hidden-charm pentaquarks with strange-

ness (PΛ
ψs, udscc̄) has been expected theoretically [9–11],

and the discovery of hidden-charm pentaquark candi-
dates (uudcc̄) [12,13] further strengthened the expec-
tation [14–19]. The first evidence (3.1σ) of PΛ

ψs was found,
by the LHCb Collaboration, in Ξ−

b → J=ψΛK− as a bump
at ∼4459 MeV in the J=ψΛ invariant mass (MJ=ψΛ)

distribution [20]. This result invited lots of theoretical studies
on PΛ

ψsð4459Þ [21–35]. Then, very recently, the LHCb
announced the first discovery (> 10σ) of PΛ

ψs in B− →
J=ψΛp̄ [36]. Their amplitude analysis determined the PΛ

ψs

mass, width, and spin-parity as 4338.2� 0.7 MeV,
7.0� 1.2 MeV, and JP ¼ 1=2−, respectively. In response
to the discovery, proposals have been made to interpret
PΛ
ψsð4338Þ as a ΞcD̄ molecule [37–39] and as a triangle

singularity [40].
To understand the nature of PΛ

ψsð4338Þ, its properties
such as the mass, width, and JP are the crucial information.
The LHCb amplitude analysis obtained them under an
assumption that the PΛ

ψsð4338Þ peak is due to a resonance
that can be well-simulated by a Breit-Wigner (BW)
amplitude. However, the PΛ

ψsð4338Þ peak is located right
on the ΞcD̄ threshold [see Fig. 3(a)], which would
invalidate this assumption. First of all, the resonancelike
structure might be caused by a kinematical effect (threshold
cusp) and not by a resonance pole [41]. If a PΛ

ψsð4338Þ pole
exists and it couples with ΞcD̄, the BWamplitude is still not
suitable since it does not account for: (i) the width starts to
increase rapidly as the ΞcD̄ channel opens; (ii) the line
shape due to the pole can be distorted by the branch point
(threshold) of the complex energy plane where the pole
is located. The relevance of the items (i) and (ii) was
demonstrated in Ref. [42].

*satoshi@ustc.edu.cn
†wujiajun@ucas.ac.cn

Published by the American Physical Society under the terms of
the Creative Commons Attribution 4.0 International license.
Further distribution of this work must maintain attribution to
the author(s) and the published article’s title, journal citation,
and DOI. Funded by SCOAP3.

PHYSICAL REVIEW D 108, L011501 (2023)
Letter

2470-0010=2023=108(1)=L011501(7) L011501-1 Published by the American Physical Society

https://orcid.org/0000-0002-7542-8859
https://orcid.org/0000-0003-4583-7691
https://crossmark.crossref.org/dialog/?doi=10.1103/PhysRevD.108.L011501&domain=pdf&date_stamp=2023-07-14
https://doi.org/10.1103/PhysRevD.108.L011501
https://doi.org/10.1103/PhysRevD.108.L011501
https://doi.org/10.1103/PhysRevD.108.L011501
https://doi.org/10.1103/PhysRevD.108.L011501
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/


What needs to be done is to replace the BW approxi-
mation with the proper pole-extraction method where a
unitary coupled-channel amplitude is fitted to the data, and
poles on relevant Riemann sheets are searched by analyti-
cally continuing the amplitude. This is the main task in this
paper. The pole value not only provides important knowl-
edge reflecting the QCD dynamics but also serves as a basis
for studying the nature of PΛ

ψsð4338Þ.
Meanwhile, the MJ=ψΛ distribution data shows a large

fluctuation at MJ=ψΛ ∼ 4255 MeV. The LHCb examined
this fluctuation as a possible PΛ

ψsð4255Þ contribution, and
found it statistically insignificant. However, the fluctuation
occurs at the ΛcD̄s threshold where a visible threshold cusp
would be expected from a color-favored B− → ΛcD̄sp̄
followed by ΛcD̄s → J=ψΛ. A ΛcD̄s rescattering might
cause a pole to enhance the cusp.
In this work, we analyze the LHCb data on B− →

J=ψΛp̄ in detail. The MJ=ψΛ, MJ=ψ p̄, MΛp̄, and cos θK�

distribution data are simultaneously fitted with a model in
which a unitary ΞcD̄-ΛcD̄s coupled-channel amplitude is
implemented. Based on the coupled-channel amplitude,
we address the following issues: (i) the PΛ

ψsð4338Þ pole
position; (ii) a possibility that the PΛ

ψsð4338Þ peak is merely
a ΞcD̄ threshold cusp; (iii) implications of the large
fluctuation at the ΛcD̄s threshold.

II. MODEL

The LHCb data shows visible structures only around the
ΞcD̄, ΛcD̄s, and Λ̄cD thresholds. Thus it is reasonable
to assume that the structures are caused by the threshold
cusps that are further enhanced or suppressed by
hadronic rescatterings and the associated poles [43]; see
Figs. 1(a)–1(c). Other possible mechanisms are assumed to
be absorbed by a direct-decay mechanism of Fig. 1(d).
For the small Q-value (∼130 MeV) in B− → J=ψΛp̄, we
consider only s-wave interactions that are expected to
dominate. We confirmed that p-wave spectators in Fig. 1
hardly improve fitting the data.
We present amplitude formulas for Figs. 1(a)–1(c). The

energy, momentum, and polarization vector of a particle x
are denoted by Ex, px, and ϵx, respectively, and particle

masses are from Ref. [44]. We also denote a baryon-meson
(BM) pair with JP by BMðJPÞ. The initial weak B− →
ΞcD̄ð1=2−Þp̄ vertex [Fig. 1(a)] is

v1 ¼ c1=2
−

ΞcD̄ p̄;B−htD̄tzD̄tΞc
tzΞc

j00if0ΞcD̄
F0
p̄B− ; ð1Þ

with a complex coupling constant c1=2
−

ΞcD̄ p̄;B− . An isospin

Clebsch-Gordan coefficient is given by the bracket where

tðzÞx is the isospin (z-component) of a particle x. The B− →
ΛcD̄sð1=2−Þp̄ [Fig. 1(b)] and Λ̄cD0ð1=2þÞΛ [Fig. 1(c)]
vertices are the same form with couplings c1=2

−

ΛcD̄sp̄;B− and

c1=2
þ

Λ̄cDΛ;B− . We introduced dipole form factors fLij and FL
kl

defined by

fLij ¼
ð1þ q2ij=Λ2Þ−2−L

2ffiffiffiffiffiffiffiffiffiffi
EiEj

p ; FL
kl ¼

ð1þ p̃2
k=Λ2Þ−2−L

2ffiffiffiffiffiffiffiffiffiffi
EkEl

p ; ð2Þ

where qij (p̃k) is the momentum of i (k) in the ij (total)
center-of-mass frame. We use a common cutoff value
Λ ¼ 1 GeV in Eq. (2) for all the interaction vertices.
The B− → Λ̄cD0Λ;ΛcD̄sp̄ decays are color-favored proc-
esses, while B− → ΞcD̄ p̄ is color suppressed.
The above weak decays are followed by hadronic

scatterings. We take a data-driven approach to the hadron
interactions while respecting the relevant coupled-channel
unitarity; the idea on which the K-matrix approach is
also based. We use hadron interactions in a form not biased
by any particular models, and all coupling strengths are
determined by the data.
We consider the most important coupled-channels:

a ΞcD̄ − ΛcD̄sð1=2−Þ coupled-channel scattering in
Figs. 1(a) and 1(b), and a Λ̄cDð1=2þÞ single-channel
scattering in Fig. 1(c). We assume that transitions to the
J=ψΛ and J=ψ p̄ channels can be treated perturbatively.
We use an s-wave meson-baryon interaction potential,

vβ;α ¼ hβ;αhtβ1tzβ1tβ2tzβ2jTTzihtα1tzα1tα2tzα2jTTzi
× f0βY00f0αY00; ð3Þ

)d()c()b()a(

FIG. 1. B− → J=ψΛp̄ mechanisms initiated by weak vertex v1 of (a) B− → ΞcD̄ p̄, (b) B− → ΛcD̄sp̄, (c) B− → Λ̄cDΛ, and
(d) B− → J=ψΛp̄. The second vertex v2 in (a,b) [(c)] includes a ΞcD̄ − ΛcD̄s coupled-channel [Λ̄cD single-channel] scattering,
followed by a perturbative transition to J=ψΛ [J=ψp̄].
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where α and β label coupled-channels such as ΞcD̄ð1=2−Þ,
and α1 and α2 are the meson and baryon in a channel α,
respectively; hβ;α is a coupling constant; Ylm denotes
a spherical harmonics. We introduce ½G−1ðEÞ�βα ¼ δβα −
hβ;ασαðEÞ with

σαðEÞ ¼
X
tz

Z
dqq2

htα1tzα1tα2tzα2jTTzi2½f0αðqÞ�2
E − Eα1ðqÞ − Eα2ðqÞ þ iε

; ð4Þ

where
P

tz is needed for α ¼ ΞcD̄; Ξþ
c D− and Ξ0

cD̄0

intermediate states with the charge-dependent masses are
included. The perturbative interactions for ΞcD̄ð1=2−Þ;
ΛcD̄sð1=2−Þ → J=ψΛ and Λ̄cD0ð1=2þÞ→J=ψp̄ are given
by s-wave separable interactions,

vγ;α ¼ hγ;αhtα1tzα1tα2tzα2jTTziσ · ϵψf0γY00f0αY00; ð5Þ

where γ ¼ J=ψΛ or J=ψ p̄, and σ is the Pauli matrix.
With the above ingredients, following the time-ordered

perturbation theory, the amplitudes are given as

Aloop
ψΛð1=2−Þ ¼

XΞcD̄;ΛcD̄s

α;β

hψΛ;βc
1=2−

αp̄;B−σ · ϵψf0ψΛðpψÞσβðMψΛÞ

× GβαðMψΛÞF0
p̄B− ; ð6Þ

for Figs. 1(a) and 1(b), and

Aloop
ψ p̄ð1=2þÞ ¼ hψp̄;Λ̄cDc

1=2þ

Λ̄cDΛ;B−σ · ϵψf0ψ p̄ðpψ ÞσΛ̄cDðMψp̄Þ
×GΛ̄cD;Λ̄cDðMψ p̄ÞF0

ΛB− ; ð7Þ

for Fig. 1(c). The spinors of the final Λ and p̄ implicitly
sandwich the above expressions.
Regarding the color-suppressed direct decay mechanism

of Fig. 1(d), we find the following J=ψp̄ð1=2þÞ partial
wave amplitude gives a reasonable fit,

Adir
ψp̄ð1=2þÞ ¼ c1=2

þ
ψp̄Λ;B−σ · ϵψf0ψ p̄F

0
ΛB− ; ð8Þ

with a coupling constant c1=2
þ

ψ p̄Λ;B− .

III. RESULTS

We use the amplitudes of Eqs. (6)–(8) to simultaneously
fit theMJ=ψΛ,MJ=ψp̄,MΛp̄, and cos θK� distributions1 from
the LHCb; see Appendix B of Ref. [45] for the procedure of
calculating the invariant mass distributions. Theoretical
invariant mass (cos θK�) distributions are smeared with
experimental resolutions of 1 MeV (bin width of 0.05), and
are further averaged over the bin width in each bin. The
obtained binned theoretical distributions are used to

calculate χ2. The amplitudes include adjustable coupling
constants from the weak vertices of Eqs. (1) and (8) and
from hadronic interactions of Eqs. (3) and (5). We reduce
the fitting parameters by setting hψΛ;ΞcD̄ ¼ hψΛ;ΛcD̄s

since
the fit quality does not significantly change by allowing
hψΛ;ΞcD̄ ≠ hψΛ;ΛcD̄s

. Then we adjust the products such as

hψΛ;αc
1=2−

ΞcD̄ p̄;B− in Eqs. (6) and (7). Numerical values for the

coupling constants determined by the fit are given in the
Supplemental Material [46]. Our default model has nine
fitting parameters in total, considering that the magnitude
and phase of the full amplitude are arbitrary.
We first present a Dalitz plot distribution from the default

model in Fig. 2. Comparing the plot with the LHCb’s
(Fig. 2 in Ref. [36]), the overall pattern is quite similar,
except that the peak structures in our plot are sharper since
no smearing with the experimental resolution is considered.
Now, we compare the default model (red histogram)

with the LHCb data in Fig. 3, showing a good agreement.
In particular, the PΛ

ψsð4338Þ and possible PΛ
ψsð4255Þ

peaks in the MJ=ψΛ distribution are well-fitted. The fit
quality is χ2=ndf¼ð50þ81þ112þ29Þ=ð235−9Þ≃1.21
where four χ2s are from comparing with the MJ=ψΛ,
MJ=ψ p̄, MΛp̄, and cos θK� distributions, respectively;
“ndf” is the number of bins (40 for cos θK� and 3 × 65 for
the others) subtracted by the number of the fitting
parameters.
We also show contributions from the diagrams of

Fig. 1 each of which has a different initial weak vertex.
Overall, the diagrams of Figs. 1(c) [blue] and 1(d)
[brown] dominate the process. The increasing MJ=ψp̄

distribution in Fig. 3(b) is understood as the Λ̄cD
threshold cusp from Fig. 1(c).2 Although the diagrams
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FIG. 2. B− → J=ψΛp̄ Dalitz plot distribution from the default
model. No smearing is applied.

1cos θK� ≡ pΛ·pψ
jpΛjjpψ j in the Λp̄ center-of-mass frame.

2The fit favors a repulsive Λ̄cD interaction, consistent with our
previous finding from analyzing B0

s → J=ψpp̄ [48].
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of Figs. 1(a) [green] and 1(b) [magenta] are relatively
small in the magnitude, they have significantly enhanced
ΞcD̄ and ΛcD̄s threshold cusps, respectively, and develop
the PΛ

ψs peaks through the interference.
The large contribution from Fig. 1(c) is understandable

since it is color favored. The color-suppressed Fig. 1(d) is
comparable, possibly because it is not suppressed by a
loop. However, the color-favored Fig. 1(b) contributes
rather small. This might be because ΛcD̄s → ΛJ=ψ is
suppressed compared with Λ̄cD → p̄J=ψ . The suppression
would be expected since, in a meson-exchange picture,

ΛcD̄s → ΛJ=ψ caused by a Dð�Þ
s -exchange involves ss̄

creation and annihilation while Λ̄cD → p̄J=ψ with a
Dð�Þ-exchange needs light quark pair (de)excitations.
Yet, a solid understanding awaits more theoretical analyses
and higher statistics data.
Our default and LHCb’s models describe the data

rather differently. The LHCb fitted the MJ=ψp̄ distribution
with a nonresonant J=ψp̄ [NRðJ=ψp̄Þ] amplitude in a

polynomial form without identifying the physical
origin of the increasing behavior. The NRðJ=ψp̄Þ
includes only a S ¼ 3=2 and p-wave J=ψ p̄ to occupy
∼84% fit fraction; S denotes the total spin of J=ψ p̄.
This p-wave dominance is counterintuitive since the
small Q-value implies a s-wave dominance. Indeed,
Figs. 1(c) and 1(d), which are dominant in our model,
are s-wave J=ψp̄ amplitudes.
We modified our default model by replacing

Figs. 1(c) and 1(d) with diagrammatically similar ones
that have the same J=ψ p̄ partial wave as the LHCb’s
NRðJ=ψp̄Þ. By fitting this modified model to the LHCb
data, we obtained χ2 similar to that of the default model.
However, the modified and LHCb models have line shapes
qualitatively different from the default model such as (i) At
the Λ̄cD threshold in the MJ=ψp̄ distribution, our default fit
has a cusp structure but our modified and the LHCb fits
have a smooth line shape; (ii) Our default model (and also
the LHCb data tend to) shows a plateau at cos θK� ∼ −1, but
our modified and the LHCb models show a monotonically
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FIG. 3. (a) J=ψΛ, (b) J=ψp̄, (c) Λp̄ invariant mass, and (d) cos θK� distributions for B− → J=ψΛp̄. The default fit and contributions
from different diagrams in Fig. 1 are shown. The dotted vertical lines indicate thresholds for, from left to right, Λþ

c D−
s , Ξ0

cD̄0, and Ξþ
c D−

[Λ̄−
c D0] in the panel (a) [(b)]. Data [36] are efficiency corrected and background subtracted.
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decreasing behavior. The future higher statistic data might
distinguish these differences.
Also, the LHCb’s model has 16 fitting parameters, in

contrast to 9(8) parameters in our default model (alternative
model below). Although the LHCb’s model fits richer six-
dimensional data, ∼2 times more parameters sound too
many. The p-wave dominance and excessive parameters in
the LHCb’s model are possibly from missing relevant
mechanisms such as Figs. 1(a)–1(c); many other mecha-
nisms mimic the relevant ones through complicated
interferences.
We searched for poles in our default ΞcD̄ − ΛcD̄sð1=2−Þ

coupled-channel scattering amplitude by the analytic con-
tinuation. We found PΛ

ψsð4338Þ and PΛ
ψsð4255Þ poles, as

summarized in Table I; JP is consistent with the LHCb’s
result for PΛ

ψsð4338Þ. In the table, we also list the Riemann
sheets of the poles by ðsΛcD̄s

sΞ0
cD̄0sΞþ

c D−Þ where sα ¼ p or u
depending on whether the pole is located on the physical
(p) or unphysical (u) sheet of a channel α.3 The pole
locations relative to the relevant thresholds are illustrated in
Fig. 4. The PΛ

ψsð4338Þ pole is mainly generated by vΞcD̄;ΞcD̄.
In fact, if vΞcD̄;ΛcD̄s

is turned off, we find a ΞcD̄ bound pole
at 4334.9 MeV. On the other hand, vΛcD̄s;ΛcD̄s

alone is not
strong enough to create a ΛcD̄s bound state but a virtual
pole at 4251.8 MeV.
A light vector-meson exchange would (not) cause a

strong attraction in vΞcD̄;ΞcD̄ (vΛcD̄s;ΛcD̄s
) [21]. A possible

mechanism to cause the relatively strong vΛcD̄s;ΛcD̄s
is a

two-pion-exchange (TPE). TPE mechanisms could be
important to understand possible bound states of a botto-
monia-pair [49] and a J=ψ-J=ψ pair [50]. Also, a lattice
QCD [51] found that a TPE is the dominant long-range
part of the ϕ-nucleon interaction, causing a large attraction.
In addition, a K�-exchange ΛcD̄s → ΞcD̄ provides an
attraction to vΞcD̄;ΛcD̄s

.

As the LHCb analysis implies, the fluctuation at the
ΛcD̄s threshold may be just statistical and vΛcD̄s;ΛcD̄s

might
be weak. We thus consider an alternative model by
removing vΛcD̄s;ΛcD̄s

from the default model, refit the data,
and show its MJ=ψΛ distribution in Fig. 5 [blue]. The fit
quality is χ2=ndf ¼ ð58þ 84þ 94þ 30Þ=ð235− 8Þ≃ 1.19,
similar to the default fit. An ordinary ΛcD̄s threshold cusp
without a nearby pole is seen. The default and alternative
models have PΛ

ψsð4338Þ poles on different sheets; see
Table I. This suggests that higher-statistics data should
clarify whether a sharp peak exists at the ΛcD̄s threshold
not only for probing PΛ

ψsð4255Þ but also for constraining
the PΛ

ψsð4338Þ pole structure.
We also consider a case where the ΞcD̄ interaction

has an energy-dependence by replacing hΞcD̄;ΞcD̄ in Eq. (3)
with [52]

hΞcD̄;ΞcD̄ þ h0ΞcD̄;ΞcD̄

M2
J=ψΛ − ðmΞc

þmD̄Þ2
2ðmΞc

þmD̄Þ
; ð9Þ

and hΛcD̄s;ΛcD̄s
¼ 0. A comparable fit is obtained: χ2=ndf ¼

ð54þ 81þ 95þ 28Þ=ð235 − 9Þ ≃ 1.15. This model gen-
erates three relevant PΛ

ψsð4338Þ poles (Table I). A relatively

(a) (b)

FIG. 4. Pole locations of (a) PΛ
ψsð4338Þ and (b) PΛ

ψsð4255Þ of
the default model. The red dotted arrows indicate how to reach
the poles from the closest physical energy regions. The double
lines indicate the branch cuts.

TABLE I. PΛ
ψs poles. (I) default model; (II) [(III)] alternative

model with vΛcD̄s;ΛcD̄s
¼ 0 [energy dependence of Eq. (9) and

vΛcD̄s;ΛcD̄s
¼ 0]. Pole positions (in MeV) and their Riemann

sheets (see the text for notation) are given in the third and fourth
columns, respectively.

(I) PΛ
ψsð4338Þ ð4338.2� 1.4Þ − ð1.9� 0.5Þi ðuppÞ

PΛ
ψsð4255Þ 4254.7� 0.4 ðuppÞ

(II) PΛ
ψsð4338Þ ð4331.9� 4.2Þ þ ð5.6� 6.4Þi ðppuÞ

ð4328.6� 4.2Þ þ ð4.6� 5.9Þi ðpupÞ
ð4336.1� 1.3Þ þ ð0.3� 1.3Þi ðpuuÞ

(III) PΛ
ψsð4338Þ ð4340.0� 8.5Þ − ð2.2� 8.8Þi ðuppÞ

ð4340.1� 13.3Þ − ð5.1� 3.5Þi ðuupÞ
ð4338.0� 4.1Þ − ð6.2� 7.3Þi ðuuuÞ
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FIG. 5. Comparison of the default model with alternative ones
where vΛcD̄s;ΛcD̄s

¼ 0 or vβ;α ¼ 0 for all α, β in Eq. (3). Other
features are the same as Fig. 3(a).3Section 50 in Ref. [44] defines (un)physical sheet.
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large width of the resonance (uuu) points to the importance
of analyzing Ξ−

b → J=ψΛK− where the line shape would
reflect the PΛ

ψsð4338Þ pole positions more directly. In
B− → J=ψΛp̄, the line shape from PΛ

ψsð4338Þ is distorted
by the shrinking phase space. The different PΛ

ψsð4338Þ
poles would then be discriminated.
We finally examine if the PΛ

ψsð4338Þ peak is caused
merely by the ΞcD̄ threshold cusp. A nonpole model,
hβ;α ¼ 0 in Eq. (3), is fitted to the data and shown in Fig. 5
[green]. While the fit quality, χ2=ndf ¼ ð69þ 91þ 94þ
33Þ=ð235 − 5Þ ≃ 1.25, is not much worse than the above
models overall, the fit in the PΛ

ψsð4338Þ region is visibly
worse. Thus, a nearby pole that enhances and sharpens
the cusp is necessary to fit the data. We made a simple
estimate of a statistical significance, and found that
the existence of a nearby pole is favored by the LHCb
data with 2.6σ significance; see the Supplemental
Material [46] for details.
In Ref. [40], the authors proposed that the PΛ

ψsð4338Þ
peak might be caused by a mechanism involving a triangle
singularity; no nearby pole exists. Within their model,
however, the quality of fitting theMJ=ψΛ distribution data in
the PΛ

ψsð4338Þ peak region is similar to what our nonpole
model does. Thus, the above conclusion should also apply
to this triangle-singularity scenario. Yet, the nonpole cusp
is sizable and, therefore, the pole should be located in a
position where its impact on the line shape is considerably
blocked by the ΞcD̄ branch cut.

IV. SUMMARY

We analyzed the LHCb data on B− → J=ψΛp̄ with
diagrams in Fig. 1; weak B− decays are followed
by coupled-channel scatterings where PΛ

ψs poles can be
developed. Our default model simultaneously fits theMJ=ψΛ,
MJ=ψ p̄, MΛp̄, and cos θK� distributions; χ2=ndf ∼ 1.21.
We found a PΛ

ψsð4338Þ pole at ð4338.2� 1.4Þ − ð1.9�
0.5Þi MeV. This is the first-time pole determination of the
first-discovered hidden-charm pentaquark with strangeness.
While the pole determination is important in its own right, it
also sets the primary basis for investigating the nature of
PΛ
ψsð4338Þ. The data disfavors the PΛ

ψsð4338Þ structure as
just a kinematical effect. Our default model also fits the
fluctuating data at the ΛcD̄s threshold, giving a virtual
PΛ
ψsð4255Þ pole at 4254.7� 0.4 MeV. We also considered

alternative fits where PΛ
ψsð4255Þ does not exist or the ΞcD̄

interaction has an energy-dependence. We found PΛ
ψsð4338Þ

poles on different Riemann sheets (Table I). The future data
should discriminate the different solutions.
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