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Abstract. Spectroscopy of excited baryons with strangeness S = −2 is stim-

ulated by recent experimental developments. Here we focus on the Ξ(1620)

which locates close to the K̄Λ threshold. To take into account the threshold

effects, we construct the coupled-channels meson-baryon scattering amplitude

where the Ξ(1620) appears as a resonance. We demonstrate that the K̄Λ thresh-

old effects distort the peak of the Ξ(1620) resonance from the simple Breit-

Wigner distribution.

1 Introduction

Recent progress in hadron spectroscopy enables us to find new resonances in the strange

baryon sector. In fact, Λ(1380), Λ(2070), Λ(2080) Λ(2085), Σ(2010), Ω(2012) are newly

added in the listings by the Particle Data Group [1]. At the same time, theoretical frame-

works have been elaborated to describe the excited hadrons as resonances in the scattering of

hadrons [2]. Thus, we are now in a position to study the strange baryon resonances system-

atically based on the experimental data.

In the strangeness S = −2 sector, the Belle collaboration reported a new precise mea-

surement of the πΞ spectrum in the Ξc → ππΞ decay [3]. The obtained spectrum shows

clear peaks of the Ξ(1620) and Ξ(1690) resonances. In Ref. [3], the mass and width of the

Ξ(1620) are found to be MR = 1610.4 ± 6.0+6.1
−4.2

MeV and ΓR = 59.9 ± 4.8+2.8
−7.1

MeV, respec-

tively. The properties of the neutral Ξ(1690) was determined by the WA89 collaboration [4]

as MR = 1686 ± 4 MeV and ΓR = 10 ± 6 MeV which is adopted by the current PDG [1].

We however note that the peaks of the Ξ(1620) and Ξ(1690) appear just on top of the K̄Λ

threshold (∼ 1611 MeV) and K̄Σ threshold (∼ 1689 MeV), respectively. It is known that the

spectrum of a near-threshold resonance can be distorted by various kinematical effects at the

threshold [5]. Thus, the properties of these Ξ resonances should be determined with proper

treatment of the meson-baryon thresholds.

In this work, we examine the spectrum of the Ξ(1620) resonance by employing the chi-

ral unitary approach [6–9], which describes the coupled-channels meson-baryon scattering

including the threshold effects. Based on the previous work on the Ξ(1620) in Ref. [10], we

construct a model which has a resonance pole of the Ξ(1620) in the energy region reported in

Ref. [3]. Through the comparison with the Breit-Wigner distribution, we discuss the effect of

the K̄Λ threshold for the spectrum of the Ξ(1620).
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Figure 1. The density plot of the deviation of the pole position ∆z in the aπΞ-aK̄Λ plane.

2 Formulation

In the chiral unitary approach [6–8, 10], the coupled-channels s-wave meson-baryon scatter-

ing amplitude Ti j(W) at total energy W is given by the solution of the scattering equation

Ti j(W) = Vi j(W) +
∑

k

Vik(W)Gk(W, ak)Tk j(W), (1)

where the indices i, j, k represent the meson-baryon channels. For the Ξ(1620) with the

strangeness S = −2 and isospin I = 1/2, there are four channels in the isospin basis,

πΞ, K̄Λ, K̄Σ, and ηΞ. For the interaction kernel Vi j(W), we use the Weinberg-Tomozawa

interaction which satisfies the chiral low-energy theorem. The divergence of the loop func-

tion Gi(W, ai) is tamed by the dimensional regularization, and the finite part is specified by

the subtraction constant ai in each channel.

Because the structure of the Weinberg-Tomozawa interaction is model-independently de-

termined by chiral symmetry, four subtraction constants ai in the loop function are the free

parameters in this model. In Ref. [10], the subtraction constants are determined as ai = −2 in

all channels at the regularization scale µ = 630 MeV, based on the natural size argument in

Ref. [8]. The pole of the Ξ(1620) is then found at W = 1607− 140i MeV, which corresponds

to MR = 1607 MeV and ΓR = 280 MeV. In view of the new Belle result [3], which indicates

the narrower decay width, it is necessary to update the model.

3 Numerical results

Here we aim at constructing a model which is consistent with the Belle data [3]. As a first

trial, we assume that the pole of the Ξ(1620) locates at zex = 1610 − 30i MeV motivated by

the Belle result, and try to reproduce zex in the chiral unitary approach. The pole position of

the scattering amplitude of chiral unitary approach zth depends on the subtraction constants

ai. Starting from the model of Ref. [10], we vary the subtraction constants in the πΞ and K̄Λ

channels, to which the pole position zth is sensitive. To quantify the deviation of the pole
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Figure 2. Left: A comparison of the πΞ scattering amplitude in this work F (thick lines) with the one

from Ref. [10] FPre (thin lines). The real (imaginary) part of the scattering amplitude is denoted by the

solid (dashed) lines. Vertical dotted lines indicate the K̄Λ and K̄Σ thresholds. Right: A comparison

with the Breit-Wigner amplitude FBW . The legends are the same as in the left panel.

positions, we define ∆z as

∆z = |zth − zex|. (2)

In Fig. 1, we show the density plot of ∆z in the aπΞ-aK̄Λ plane. We find that ∆z is minimized

by (aπΞ, aK̄Λ) = (−4.19,−0.14), which gives zth = 1610 − 30i MeV in agreement with zex.

Let us examine the behavior of the scattering amplitude on the real energy axis. In the

left panel of Fig. 2, we show the real and imaginary parts of the scattering amplitude F in the

diagonal πΞ channel as functions of the energy W, in comparison with the model of Ref. [10].

The amplitude of Ref. [10] (thin lines) does not exhibit a resonance behaviour (peak of the

imaginary part and zero crossing of the real part) in this energy region, because of the broad

decay width ∼ 280 MeV. In contrast, the amplitude in this work shows a clear resonance

behaviour around 1600 MeV. Thus, by reducing the decay width, the πΞ spectrum (Im F) can

exhibit a resonance peak, as observed by the Belle collaboration.

As mentioned in the introduction, the peak of the Ξ(1620) is very close to the K̄Λ thresh-

old. To examine the threshold effect, we compare the the scattering amplitude of our model

with the amplitude generated by the Breit-Wigner distribution,

T BW(W) =
Z

W − MR + iΓR/2
. (3)

We set MR = 1610 MeV and ΓR = 60 MeV to have the same pole position as in our model.

The residue Z is adjusted to scale the magnitude of the spectrum. In the right panel of Fig. 2,

we present the comparison of our results with the Breit-Wigner amplitude. It can be seen

from the figure that the peak of the imaginary part does not coincide with the Breit-Wigner

distribution, even though the pole positions are the same. In fact, the peak of the imaginary

part of our model is at W ∼ 1604 MeV, which is shifted from the real part of the pole position

(W = 1610 MeV). In this way, we quantitatively show that the K̄Λ threshold effect distorts

the spectrum of the Ξ(1620) resonance.

4 Summary

In this work, we study the spectrum of the Ξ(1620) resonance by taking the nearby K̄Λ

threshold into account. Within the framework of the chiral unitary approach, we construct
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a model of the Ξ(1620) whose resonance pole appears in the energy region indicated by the

recent Belle data. Through the comparison with the pure Breit-Wigner distribution, we find

that the peak structure of the Ξ(1620) is highly affected by the existence of the K̄Λ threshold.

We conclude that the determination of the pole position of the Ξ(1620) should be performed

by properly taking into account the K̄Λ threshold.

As a future perspective, it will be interesting to study the origin of the Ξ(1620) resonance

in our model. In Ref. [11], it was shown that the change of the subtraction constants in the

chiral unitary approach can be related to the inclusion of the genuine quark states. By apply-

ing the natural renormalization scheme, it is possible to extract the genuine quark component.

A large deviation of the subtraction constants (Fig. 1) may indicate the importance of the gen-

uine component. The K̄Σ threshold effect for the Ξ(1690) resonance can also be studied in

the same manner, by referring to the models in Refs. [12, 13] which reproduce the Ξ(1690).

For the Ξ(1690), it should be noted that the central value of the Ξ(1690) determined by the

WA89 collaboration is just in between the K−Σ+ (∼ 1683 MeV) and K̄0
Σ

0 (∼ 1690 MeV)

thresholds. For the quantitative discussion of the Ξ(1690), therefore, the isospin symmetry

breaking effects should play an important role. To analyze the πΞ spectrum of the experimen-

tal data by the Belle collaboration, we need theoretical framework to calculate the Ξc → ππΞ

decay, as developed in Ref. [14]. These subjects will be investigated to understand the nature

of the Ξ resonances in future.
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