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Abstract: We analyze possible singularities in the J/ψΛ invariant mass distribution of the
Ξ−b → K− J/ψΛ process via triangle loop diagrams. Triangle singularities in the physical region are
found in 18 different triangle loop diagrams. Among those with Ξ∗-charmonium-Λ intermediate
states, the one from the χc1Ξ(2120)Λ loop, which is located around 4628 MeV, is found the most
likely to cause observable effects. One needs S- and P-waves in χc1Λ and J/ψΛ systems, respectively,
when the quantum numbers of these systems are 1/2+ or 3/2+. When the quantum numbers of
the Ξ(2120) are JP = 1/2+, 1/2− or 3/2+, the peak structure should be sharper than the other JP

choices. This suggests that although the whole strength is unknown, we should pay attention to the
contributions from the Ξ∗-charmonium-Λ triangle diagram if structures are observed in the J/ψΛ
invariant mass spectrum experimentally. In addition, a few triangle diagrams with the D∗s1(2700)
as one of the intermediate particles can also produce singularities in the J/ψΛ distribution, but at
higher energies above 4.9 GeV.

Keywords: triangle singularity; pentaquarks; exotic hadrons

1. Introduction

In the earliest prediction of the hidden-charm baryon Ncc̄ states above 4 GeV [1], which are now
known as the Pc states and have been reported by the LHCb Collaboration [2,3], the Λcc̄ states are also
predicted with different masses and spin-parities. Ten Λcc̄ states are obtained in a coupled-channel
model in Ref. [4] and their couplings to J/ψΛ are found to be sufficiently large. Similar to the discovery
of the Pc states in the J/ψp channel [5], the Λcc̄ states could be sought in the J/ψΛ invariant mass
distributions. In Ref. [6], ten isoscalar molecular pentaquarks in the D̄(∗)Ξc, D̄(∗)Ξ′c and D̄(∗)Ξ∗c
systems are predicted by calculating the effective potentials with the chiral effective field theory up to
the next-to-leading order. These hidden-charm pentaquark states with strangeness are investigated
in the quark model including the color octet type and color singlet type [7] and the one-boson
exchange model [8]. The decay behaviors of the Λcc̄ states in various hadronic molecular assumptions
with different spin-parities are studied in Ref. [9] and these decay patterns are suggested to help
understanding the internal structures after the experimental searches. Although there are various
predictions for such strangeness baryons within hidden charm theoretically, there is no experimental
evidence for them until now.

Since the first prediction of the Λcc̄ states, there arises various suggestions of searching for these
states experimentally. The decay of Λb into J/ψK0Λ states is studied in Ref. [10] and a clear peak is
predicted in the J/ψΛ invariant mass distribution. In Ref. [11], the authors propose the Λb → J/ψηΛ
decay and find that a resonance signal with similar strength as the case of Pc should be observed
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in the J/ψΛ invariant mass spectrum. The Ξ−b → J/ψK−Λ reaction is discussed in Ref. [12] and a
hidden-charm pentaquark state with strangeness is expected to be clearly seen. In the last process,
the K− meson in the final state is a charged meson, and it makes this process suitable for experimental
measurement. Actually, the possible peak structures in the J/ψΛ invariant mass spectrum in the
Ξ−b → J/ψK−Λ decay have already been sought by the LHCb Collaboration [13], while the results
of these data should still be under analysis. At this point, it is worthwhile to mention that the
Λ0

b → J/ψΛπ+π− should also be a promising process to seek for the Λcc̄ states. In this paper, we will
study the Ξ−b → K− J/ψΛ decay and focus on another mechanism, triangle singularity, which could
also produce peak structures in the J/ψΛ invariant mass spectrum.

A triangle singularity is due to the simultaneous on-shellness of three intermediate particles
in a loop diagram, and at the same time the interactions at all vertices can happen classically [14].
It is a logarithmic singularity, and is able to produce peaks in energy distributions. It has been
known for a long time [15–17], and there were debates in the 1960s on whether it could produce
observable effects [18]. Nevertheless, it was difficult to find reactions that satisfy the rigorous kinematic
conditions and at the same time can evade the subtle interfering cancellation between the tree-level
and triangle diagram, dictated by the Schmid theorem at that time [18]. In the last 10 years or so,
suggestions were proposed that many reactions which can be (or have been) measured at modern
high-energy experiments could match the kinematic conditions and might receive important contributions
from triangle singularities; then the study of triangle singularity started to bring a lot interest until
now [3,19–59]. For a recent review, we refer to Ref. [60] (see Tables 1 and 2 therein for reactions proposed
since the 1990s).

The fact that triangle singularities may affect the extraction of the Pc resonance parameters from
the Λb → J/ψK−p reaction was immediately noticed [27,28]. Later, the Λ(1890)χc1 p triangle was
identified to be the most special from an analysis of many triangle diagrams with various possible
combinations of a a charmonium, a proton and a Λ∗ [31]. In this case, both triangle singularity and
threshold effect occur at about 4.45 GeV as already pointed out in Ref. [28]. Once the χc1 p is in an
S-wave, such that the quantum numbers of the J/ψp could be JP = 1/2+ or 3/2+, it would generate
a narrow peak in the J/ψp invariant mass distribution. The updated LHCb measurement [3] does
not have a peak at 4.45 GeV, but there is a dip at this energy between the two narrow Pc(4440) and
Pc(4457) peaks. Thus, the possibility of interference of such a triangle singularity with pentaquark
signals is still there, and might be partly responsible for the special production properties of the Pc

states [61]. However, for the cases that the spin and parity of the Pc are 3/2− or 5/2+, as considered
in, e.g., Refs. [62–68], the triangle singularity contribution from the Λ∗(1890)χc1 p loop would be
severely suppressed. In the present work, we will investigate possible triangle singularities in the
Ξ−b → J/ψK−Λ reaction in a similar way to Ref. [31].

This work is organized as follows. After the introduction, we first show the theoretical framework
and an analysis of possible triangle singularities in Section 2, and the corresponding discussions are
presented. Then in Section 3, a detailed analysis and discussions of the amplitude with Ξ(2120)χc1Λ
are given, which is followed by a brief summary in Section 4.
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Table 1. The charmonium and Ξ∗− states in Figure 1a that could generate triangle singularities and the
positions of the corresponding singularities. Among the listed hyperons, Ξ(2030) is a three-star state;
Ξ(2250) and Ξ(2370) are two-star states; Ξ(2120) and Ξ(2500) are one-star states [69].

No. cc̄ Ξ∗− Position of Triangle Singularity (MeV)

1 J/ψ Ξ(2500) 4232

2 χc0 Ξ(2250) 4546

3 χc0 Ξ(2370) 4665

4 χc1 Ξ(2120) 4628

5 χc1 Ξ(2250) 4696

6 χc2 Ξ(2120) 4680

7 hc Ξ(2120) 4644

8 hc Ξ(2250) 4730

9 ηc(2S) Ξ(2030) 4754

10 ηc(2S) Ξ(2120) 4797

11 ψ(2S) Ξ(2030) 4810

Table 2. The D∗−s , Ξ∗0c and intermediate particle 3 in Figure 1b,c that could generate triangle
singularities and the positions of the corresponding singularities.

No. D∗−s Ξ∗0c Intermediate Particle 3 Position of Triangle Singularity (MeV)

1 D̄∗s1/s3(2860) Ξc(2930) D̄0 4838

2 D̄∗s1(2700) Ξc(3055) D̄0 4922

3 D̄∗s1(2700) Ξc(3080) D̄0 4957

4 D̄∗s1/s3(2860) Ξc(2930) D̄∗0 4959

5 D̄∗s1(2700) Ξc(3080) D̄∗0 5089

6 D̄∗s1(2700) Ξc(3080) Λ+
c 4990

7 D̄∗s1/s3(2860) Ξc(2930) Λ+
c 5149

2. Theoretical Framework and Analysis Results of All Possible Triangle Singularities

In the process of a triangle loop diagram, the initial particle first decays to two intermediate
particles A and B. Then particle A continues to decay into two particles, one of which is a final state
and the other is the intermediate particle C. This intermediate particle C could interact with particle
B to generate final state particles. The kinematic conditions for a triangle singularity in the physical
region are [18,31]: (1) the three intermediate particles A, B and C are all on the mass shell at the same
time; (2) the velocity of particle C is larger than that of particle B and is in the same direction in the rest
frame of the initial state. In other words, triangle singularity corresponds to the situation that the loop
reaction has actually occurred as a classical process [14], rather than a virtual process. We are interested
in the possible triangle singularity effects in the J/ψΛ invariant mass distribution. The region of
triangle singularity peak is limited to a small region starting from the threshold of two particles that
rescatter into the final-state J/ψΛ (for a detailed analysis, see Ref. [60]).

There are four possible kinds of triangle diagrams for the Ξ−b → K−ΛJ/ψ decay that may have a
triangle singularity in the physical region (when the widths of the intermediate particles are neglected)
as shown in Figure 1. Using the intuitive equation derived in Ref. [31], we find that the physical-region
triangle singularity emerges in the process of Figure 1a–c.
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The Ξ∗− in Figure 1a represents all the ten Ξ resonances in the Review of Particle Physics
(RPP) [69], including Ξ(1530), Ξ(1620), Ξ(1690), Ξ(1820), Ξ(1950), Ξ(2030), Ξ(2120), Ξ(2250), Ξ(2370)
and Ξ(2500). For the charmonium states cc̄, we take ηc, J/ψ, χc0, χc1, χc2, hc, ηc(2S) and ψ(2S) into
consideration. We take all the listed Ξ∗0c and D∗−s in RPP [69] into account for the exchanged particles
in Figure 1b,c.

(a) (b)

(c) (d)

Figure 1. Four possible kinds of triangle diagrams for the Ξ−b → K−ΛJ/ψ decay that may have a
triangle singularity of interest. The momentum of each particle and the numbering of the exchanged
particles used here are given in the brackets in the first diagram.

Through checking the two conditions of triangle singularity for all possible combinations of the
considered intermediate particles mentioned above, we find that there are in total 11 cases for Figure 1a
and 7 cases for Figure 1b,c that would have singularities in the physical region. The charmonium and
Ξ∗− states in Figure 1a, which could generate peak structures in the J/ψΛ mass spectrum, and the
corresponding positions of these triangle singularities are given in Table 1. In Table 2, we present the
three exchanged particles of Figure 1b,c together with the corresponding triangle singularity positions,
which are generally higher than those from Figure 1a listed in Table 1. Note that there is another
combination, D̄sJ(3040)Ξc(3645)D̄0, which can give rise to a triangle singularity at 4511 MeV. However,
so far the DsJ(3040) has only been observed in D∗K [69], suggesting that it might have an unnatural
parity and thus could not decay into D̄K. Consequently, this combination is not listed in the table.
One notices that both the D∗s1(2700) was observed in B→ DD̄K [70,71] and the D∗s1/s3(2860) were seen
in the decays of Bs → D̄K̄π [72]. Similarly, the D∗s1(2700) should be easily produced from the decays
of the Ξb associated with a Ξc baryon, as shown in the first vertex in Figure 1b,c. Thus, among the
combinations listed in Table 2, the ones with the D∗s1(2700) are expected to be more important than
the others. Once a structure is observed in the J/ψΛ spectrum above 4.9 GeV in a future experiment,
such triangle singularities need to be considered. In the rest of this paper, we will focus on the
singularities in Table 1, whose situation is more involved.

Since the triangle singularity is caused by the on-shellness of the intermediate particles, we first
consider the scalar loop integral as follows,

I = i
∫ d4q

(2π)4
1

(q2 −m2
1 + im1Γ1)[(P− q)2 −m2

2 + im2Γ2][(k1 − q)2 −m2
3 + iε]

, (1)

where the momenta and the numbering of particle masses are as given in the first diagram in Figure 1,
and Γ1 and Γ2 are the widths of intermediate particles 1 and 2, respectively. We can use |I|2 to analyze
the singular behavior of the diagrams in Figure 1. It should be noted that the interactions of all the
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related vertices are not included here. We should consider these interactions from a physical point of
view to draw further conclusions.

Let us turn to the three vertices in Figure 1a. For the first vertex Ξb → Ξ∗cc̄, it is a weak decay
and involves the Cabibbo–Kobayashi–Maskawa (CKM) matrix elements V∗bcVcs. The strength should
be comparable with that of B → Kcc̄ for the same charmonium. The branching ratios for different
charmonia in the latter process, which can be found in the RPP [69], are given in Table 3. It can be seen
that for the χc2 and hc, the branching ratios are one-order-of-magnitude smaller than that of the other
charmonia. This indicates that the cases of the charmonium being the χc2 or hc would not provide
a strong signal of triangle singularity, and can be safely neglected. For χc0, the decay rates from the
neutral and charged B mesons are very different. Both the two branching ratios of the χc0 are smaller
than the rest, although in the charged case it is of the same order of magnitude. We conclude that,
for the Ξb → Ξ∗cc̄ decay, the cases where the intermediate charmonium is one of J/ψ, χc1, ηc(2S) and
ψ(2S) are expected to be the main decay channels.

Table 3. The branching ratios for different charmonia in B→ Kcc̄.

cc̄ BR(B0→ cc̄K0) BR(B+→ cc̄K+)

J/ψ 8.73× 10−4 1.01× 10−3

χc0 1.11× 10−6 1.49× 10−4

χc1 3.93× 10−4 4.84× 10−4

χc2 <1.5× 10−5 1.1× 10−5

hc <3.8× 10−5

ηc(2S) 4.4× 10−4

ψ(2S) 5.8× 10−4 6.21× 10−4

For the vertex of cc̄Λ → J/ψΛ, the coupling strength is affected from the spin interactions
between the charm quark and anticharm quark. Once the cc̄ has a spin flip, this vertex will be much
suppressed due to breaking the heavy quark spin symmetry. The quantum numbers of the final state
J/ψ are 1−, and the spins of charm and anticharm quarks are in the same direction. However, in the
charmonia hc and ηc(2S), the total spin of charm and anticharm quarks is 0. Therefore, the hcΛ or
ηc(2S)Λ→ J/ψΛ process would be suppressed because of the spin flip of the charm and anticharm
quarks. For the other charmonia considered here, the couplings of cc̄Λ → J/ψΛ could be of the
same order of magnitude but are still not determined. We will write the amplitudes with different JP

assumptions that are subject to the Lorentz covariant orbital-spin coupling scheme [73] to study their
behavior in the next section.

For the Ξ∗K̄Λ vertex, we can infer its strength from the Ξ∗ → ΛK̄ process for each considered
Ξ∗ state. For the Ξ(2030), the ΛK̄ state occupies about 20% of all possible decay rates. In the RPP,
the ΛK̄ channel is the only seen and listed decay mode for the Ξ(2120) [69], although its exact ratio
has not been measured yet. The ΛK̄ channel is not listed in the decay modes of the Ξ(2250) and
Ξ(2370), and actually all the decay channels for the former are three-body states, meaning that the
ΛK̄ mode might be suppressed for these two states. For the Ξ(2500), the ΛK̄ mode is listed, with the
ratio of branching fractions Γ(ΛK̄)/ (Γ(Ξπ) + Γ(ΛK̄) + Γ(ΣK̄) + Γ(Ξ(1530)π)) = 0.5± 0.2 measured
in Ref. [74], but it is not clear whether the peak observed therein corresponds to the Ξ(2500) as
commented in RPP [69].

Through the analysis of the three vertices above, for the 11 cases listed in Table 1, nos. 2 and
3 and nos. 5–10 are suppressed; only nos. 1, 4 and 11 are left. Now let us turn to the character of
the intermediate particles in the loop, especially their quantum numbers, since they actually affect
a lot not only the magnitude but also the line shape of the singularity. The quantum numbers are
quite important as they directly determine the partial waves of the interaction, and high partial wave
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interactions should be suppressed in the near-threshold region. For the Ξ(2030) state, its spin is
equal to or greater than 5/2 [75]. It leads to high partial-wave (l ≥ 2) interaction at the Ξ(2030)K̄Λ
vertex, and will not be considered further. We will discuss that how the high partial-wave interactions
in the triangle loop would suppress the contribution of the triangle singularity later. For the other
two Ξ∗ states, their quantum numbers are not determined yet, and we will consider various JP

possibilities later.
The mJ/ψΛ distribution for |I|2 with an arbitrary normalization factor of these three cases is shown

in Figure 2. For the widths of the involved charmonium, we quote their central values given in the
RPP [69]. While for some of the Ξ∗ states like the Ξ(2120) and Ξ(2500), the widths are not precisely
determined. For the width of the former, we take the upper bound of the given range, which is 20 MeV.
In the latter case, two values were reported by different experimental groups, which are 150 [74] and
59 MeV [76]. We give results using these two values. As shown in Figure 2, the triangle singularity
from the J/ψΞ(2500)Λ loop diagram is much broader than the other two cases. As discussed above,
the triangle loop diagram that involves the Ξ(2030)K̄Λ vertex should be severely suppressed because of
the existence of the D- or higher wave interaction, while for the Ξ(2120) involved vertices, there could
be lower partial-wave interactions. The contribution from the Ξ(2120)χc1Λ loop (the blue dotdashed
line in Figure 2) is expected to be much larger than that from the Ξ(2030)ψ(2S)Λ (the green dotted
line) once all the interactions at the vertices are included.

��� ��� ��� ��� ��� ���
���

���

���

���

���

���

��/ψΛ[���]

|�
�

Figure 2. The value of |I|2 in the mJ/ψΛ invariant mass distribution. The red solid (orange dashed),
green dotted and blue dotdashed lines correspond to the Nos. 1, 4 and 11 cases in Table 1, respectively.
For the case of No.1, the red solid and orange dashed lines represent the different choices of the Ξ(2500)
width: the narrower and wider peaks correspond to taking 59 and 150 MeV for the width, respectively.

Combining all the analysis above, the Ξ(2120)χc1Λ loop is found to be the most promising process
to generate an observable triangle singularity in the Ξ−b → K− J/ψΛ decay (We should also note that
the Ξ(2120) is just a one-star state [69], and its existence needs further confirmation). We will calculate
and discuss the structures from this triangle loop diagram in detail in the next section.

3. Detailed Analysis of the Amplitudes for the Diagram with χc1Ξ(2120)Λ Loop

We will focus on the triangle diagram involving the χc1 and the Ξ(2120) in this section, as it is the
most promising diagram to have a sizeable triangle singularity contribution. The specific interactions
of vertices are taken into account in this section, here we are going to study them by constructing
effective Lagrangians with the lowest number of derivatives. At present, the quantum numbers of the
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Ξ(2120) state and the J/ψΛ system are both flexible, and the former affects the ΞbΞ∗χc1 and Ξ∗ΛK−

vertices, while the later influences the χc1ΛJ/ψΛ vertex. Let us discuss them one by one.
Firstly, let us consider different choices of the spin-parity quantum numbers of the Ξ(2120),

which are still unknown. The two vertices involving the Ξ(2120) in this diagram are ΞbΞ(2120)χc1

and Ξ(2120)ΛK̄. In Table 4, the assumed spin-parity of Ξ(2120) and the corresponding lowest allowed
partial waves of these two vertices are listed. In the Lorentz covariant orbital-spin coupling scheme,
the interaction of a vertex is directly related to its partial wave L and the relative momentum of the two
final particles, i.e., the strength of interaction is proportional to qL. Therefore, the D- or higher partial
waves are neglected since the momentum is very small around where the triangle singularity happens.
Thus, JP = 1/2+, 1/2− and 3/2+ possibilities are not suppressed by high partial waves. Among these
three cases, the JP = 1/2− possibility is singled out as both vertices are in S waves, and the strength of
the amplitude in this case should be stronger than that of the other cases. Therefore, we will calculate
the amplitude with JP(Ξ∗) = 1/2− to check the structure behavior from the triangle singularity.

Table 4. The interactions of the ΞbΞ(2120)χc1 and Ξ(2120)ΛK̄ vertices with different spin-parities
of Ξ(2120).

JP ΞbΞ(2120)χc1 Ξ(2120)ΛK̄

1/2+ S-wave P-wave

1/2− S-wave S-wave

3/2+ S-wave P-wave

3/2− S-wave D-wave

5/2+ P-wave F-wave

5/2− P-wave D-wave

We then consider the quantum numbers of the J/ψΛ in the final state for fixed spin-parity of the
Ξ(2120). For the same reason mentioned before, the D- or higher partial wave interactions are not
considered in the present discussion. If the quantum numbers of the J/ψΛ system are 1/2+ or 3/2+,
the χc1Λ system can be in an S-wave and the J/ψΛ in a P-wave. On the contrary, if the quantum
numbers of the J/ψΛ system are 1/2− or 3/2−, there is a P-wave in the χc1Λ system and an S-wave in
the J/ψΛ system. In both cases, there are an S-wave and a P-wave for this four-particle-vertex, but the
corresponding behaviors of these two triangle loop integrations are different. As discussed in the
previous paragraph, the effective Lagrangian of a P-wave interaction is proportional to the relative
momentum of the involved particle. Meanwhile, at the singularity point, the invariant mass mJ/ψΛ
is not far away from the χc1Λ threshold, and both the χc1 and the Λ are on-mass-shell. It tells that
the momenta of the χc1 and Λ are small. Thus, for the negative parity case, the P-wave is in the χc1Λ
system, which provides a loop momentum q to the loop integral and suppresses the singular behavior
around the χc1Λ threshold, while the P-wave interaction of the J/ψΛ system for the positive parity
case is independent of the loop integration. In the next step, we will take the quantum numbers of the
J/ψΛ system as 1/2+ and 1/2−, respectively, to investigate how the finial results are affected.

We first take the quantum numbers of the J/ψΛ system being 1/2+ and the spin-parity of the
Ξ(2120) are assumed to be 1/2−. The amplitudes for the vertices are constructed as

tΞbΞ∗χc1 = gaū(P− q)γµu(P)ε∗µ(q),

tΞ∗ΛK̄ = gbū(k1 − q)u(P− q), (2)

tΛχc1ΛJ/ψ = gcεµ(q)ū(k1 − k2)

(
/k 1 +

√
k2

1

)
γ5

(
γµ −

kµ
1 /k 1

k2
1

)
u(k1 − q)ε∗ν(k2)kν

1

k2
1 + m2

J/ψ −m2
Λ

k2
1

,
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here we follow the momentum conventions given in Figure 1a. The amplitude of this triangle
diagram reads

M = g
∫ d4q

(2π)4 ū(k1 − k2)

(
/k 1 +

√
k2

1

)
γ5

(
γµ −

kµ
1 /k 1

k2
1

)
/k 1 − /q + m3

(k1 − q)2 −m2
3

/P− /q + m2

(P− q)2 −m2
2 + im2Γ2

×
−γµ +

qµ/q
m2

1

q2 −m2
1 + im1Γ1

u(P)
k2

1 + m2
J/ψ −m2

Λ

k2
1

ε∗ν(k2)kν
1. (3)

Then we calculate the decay with the quantum numbers of the J/ψΛ system being 1/2−.
The amplitude for the Λχc1ΛJ/ψ vertex reads

tΛχc1ΛJ/ψ = gcū(k1 − k2)γ5

(
γµ −

kµ
1 /k 1

k2
1

)(
/k 1 +

√
k2

1

)
u(k1 − q)ε∗µ(k2)εν(q)kν

1
2k1 · q

k2
1

, (4)

and the amplitude in this case is

M = g
∫ d4q

(2π)4 ū(k1 − k2)γ5

(
γµ −

kµ
1 /k 1

k2
1

)(
/k 1 +

√
k2

1

)
/k 1 − /q + m3

(k1 − q)2 −m2
3

/P− /q + m2

(P− q)2 −m2
2 + im2Γ2

×
−/k 1 +

/q
m2

1
k1 · q

q2 −m2
1 + im1Γ1

u(P)
2k1 · q

k2
1

ε∗µ(k2). (5)

It should be noticed that the absolute values of the coupling constants in both cases are unknown.
Therefore, our results are normalized to 1 at the maximum. The differential decay width in the rest
frame of the initial particle Ξb is

dΓ =
1

(2π)3
1

32m3
Ξb

|M|2dm2
KΛdm2

J/ψΛ. (6)

After integrating dm2
KΛ, the normalized differential decay widths in the J/ψΛ invariant mass

distribution in these two cases are shown in Figure 3 with the widths of the exchanged particles taken
into consideration.

��� ��� ��� ��� ��� ���
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���
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���
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���

��/ψΛ[���]

�Γ

��
�/
ψ
Λ

(a)

��� ��� ��� ��� ��� ���
���

���

���

���

���

���

��/ψΛ[���]

�Γ

��
�/
ψ
Λ

(b)

Figure 3. The mJ/ψΛ invariant mass distribution for the Ξ−b → K− J/ψΛ process via the χc1Ξ(2120)Λ
loop with the quantum numbers of the J/ψΛ system being (a) 1/2+, and (b) 1/2−, respectively.

It can be seen that in the 1/2+ case the peak structure from the triangle singularity emerges at
mJ/ψΛ = 4.628 GeV and is distinct enough comparing to the background. However, this structure could
not be observed any more in the 1/2− case. Naively one would expect that the peak should still be there
since the numerator of the integral would not diminish the singularity generated from the denominator.
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Then here arises a question why the P-wave χc1Λ in the four-particle vertex can suppress the singular
behavior so much. When constructing the effective Lagrangian of the four-particle vertex in the Lorentz
covariant orbital-spin coupling scheme [73], the P-wave interaction in the χc1Λ system introduces
a factor of the momentum difference of the exchanged Λ and χc1. Thus, the amplitude is directly
proportional to the velocity difference between these two particles in the 1/2− case. As discussed
above, when the triangle singularity happens, all the three intermediate particles are on the mass
shell and the process of each vertex actually happens classically. In this χc1Ξ(2120)Λ loop diagram,
we find that the velocity of the intermediate Λ is very close to that of the χc1 when the singularity
occurs. In other words, their relative velocity is quite small in the rest frame of Ξb, meaning that the

singularity is located very close to the χc1Λ threshold. More specifically, the factor
(
−/k 1 +

/q
m2

1
k1 · q

)
in

Equation (5) from the P-wave χc1Λ system in the triangle singularity region can be derived as follows,

− /k 1 +
/q

m2
1

k1 · q ∼
|~q|
q0 −

|~k1|
k0

1
∼ vΛ − vχc1 ∼ 0, (7)

explaining the suppression of the singular behavior in this case.
Since the amplitude is actually related to the partial wave interactions of the χc1Λ→ J/ψΛ vertex,

the 3/2+ and 3/2− cases should be similar to the 1/2+ and 1/2− cases, respectively. This indicates
that this Ξ(2120)χc1Λ loop diagram could generate a peak in the mJ/ψΛ mass spectrum for the
Ξ−b → K− J/ψΛ decay when the quantum numbers of the J/ψΛ system are 1/2+ or 3/2+. We then
note that the threshold of the χc1Λ is at 4.626 GeV, which gives rise to a cusp (for the S-wave) in
the distribution of the differential decay width. As the positions of the threshold and the triangle
singularity (at about 4.628 GeV) are quite close, these two structures would lead to only one peak
around this energy as shown in Figure 3a. Thus, if a structure is observed in this region in future
experiments, the triangle singularity effects need to be taken into account for the JP = 1

2
+

or 3
2
+

quantum numbers.
There are a lot of similarities between the Λb → K− J/ψp and Ξb → K− J/ψΛ through triangle

loop diagrams. The ΛbΛ∗χc1 vertex, as considered in Refs. [28,31], and the ΞbΞ∗χc1 vertex involve the
same product of CKM matrix elements and should share a similar coupling. The strength of the two
four-particle-vertices χc1 p→ J/ψp and χc1Λ→ J/ψΛ should also be similar due to the approximate
light-flavor SU(3) symmetry. For the two rest vertices Λ(1890)K−p and Ξ(2120)K−Λ, the K̄N channel
occupies a rate of 20–35% among all the decay modes of Λ(1890), while the branching ratio of Ξ(2120)
is still unknown and K̄Λ is the only observed decay channel. We can roughly regard the strengths of
these two vertices to be of the same order of magnitude. Thus, studying possible structures in the
Ξb → K− J/ψΛ decay around 4.63 GeV should also provide useful insights into the possible role of
triangle singularity in the Λb → K− J/ψp decay around 4.45 GeV. Yet, the existence of one-star Ξ(2120)
state needs to be confirmed, which can be studied by analyzing the ΛK̄ invariant mass distribution of
the process under discussion.

4. Summary

Inspired by the analysis of the triangle singularities in the Λb → K− J/ψp process in Ref. [31],
we apply the same method to the Ξb → K− J/ψΛ process via charmonium-Ξ∗-Λ intermediate states to
check whether there exist possible triangle singularities. We find that there are 11 and 7 possible triangle
singularities with various combinations of charmonium-Ξ∗ states and D∗S-Ξ∗c states, respectively.
For the former, the χc1Ξ(2120)Λ loop diagram is expected to be the most promising process to observe
the singularity structure; for the latter, those with D̄∗s1(2700) listed in Table 2 should be more important
than the others. Nevertheless, the absolute values of all these amplitudes could not be precisely
evaluated without knowing the amplitudes for all the involved vertices. For the χc1Ξ(2120)Λ diagram,
when the spin-parity quantum numbers of the J/ψΛ system are 1/2+ or 3/2+, the joint effects of the
triangle singularity and the χc1Λ threshold would produce a narrow peak around 4.63 GeV in the
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J/ψΛ invariant mass distribution. A study of such effects needs to be taken into account in the search
of hidden-charm strange pentaquarks, and a study of the Ξb → K− J/ψΛ will also shed light on the
role of triangle singularities in the Λb → K− J/ψp process.
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