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Motivation: 𝚵∗ spectrum

The nature and properties of doubly strange hyperons remain a subject of considerable controversy. 
12 Ξ hyperons in the Particle Data Group:

• only the ground-state members of the SU(3) octet and decuplet have a four-star rating

• Ξ(1690), Ξ(1820), Ξ(1950) and Ξ(2030) received three-star status, yet only Ξ(1820) with well 
determined JP=3/2- (evidence of a JP =1/2-  for Ξ(1690) from Λ! → Ξ"𝜋#𝐾#)

                              

• The rest, including Ξ(1620) resonance, are very poorly known (one or two-star status)
The masses of the lightest resonances are close to several meson-baryon pair thresholds
  à plausible dominant molecular nature

As clear example:

𝝅𝚵 )𝑲𝚲 )𝑲𝚺 𝜼𝚵
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⌅(1690)
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⌅(1620)

B. Aubert et al., Phys Rev D 78 (2008) 034008
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Motivation: 𝚵(1620) and 𝚵(1690) molecular nature

PDG, Phys. Rev. 
D110, 030001 (2024)

<latexit sha1_base64="ndDVTuEO+fz9VBkLhAhlS/PQH/g="></latexit>

�[⌅(1690) ! ⌅⇡]

�[⌅(1690) ! ⌃K̄]
< 0.09

The molecular-nature conjecture for the 𝚵(1620) and 𝚵(1690) is further supported by:

Complex internal structure (beyond 
ordinary 3-quark baryon)

UChPT-based study  explained this value: 𝛯(1690) dynamically generated )𝐾𝛴
quasibound state with nearly vanishing coupling to 𝜋𝛯 channel 

• The problem have been formulated in terms of a Unitary extension of ChPT in coupled channels by many 
groups 

à some describe just one of the states properly, others can describe both states simultaneously yet only 
qualitatively 
A. Ramos, E. Oset, C. Bennhold, PRL 89 (2002) 252001 
C. Garcia-Recio, M.F.M. Lutz, J. Nieves, PLB 582 (2004) 49–54 
D. Gamermann, C. Garcia-Recio, J. Nieves, et al., PRD 84 (2011) 056017
K.P. Khemchandani, A. Martínez Torres, A. Hosaka, et al., PRD 97, 034005 
(2018)
T. Nishibuchi, T. Hyodo, PRC 109 (2024) 1, 015203

Common main ingredients: 
Leading-order s-wave contact term, interac?on between pseudoscalar octet ⨁ ground-state baryon octet 

Different levels of sophistication in approaches:
 WT-like contact term in UChPT scheme or in 
SU(6) extension of the Chiral Lagrangian…
Inclusion of t-, s- and u-channel diagrams

T. Sekihara, PTEP 
2015 (2015) 9, 091D01

• Unexpectedly small branching ratio (𝑀$% < 𝑀&𝑲𝚺à larger phase space to decay in Ξ𝜋)
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Motivation: Effects of the NLO terms on the 𝚵∗ spectrum

A.F., V. Valcarce, V. Magas, Phys. Lett. B 841 (2023) 137927 

L(1)
MB = hB̄(i�µD

µ �M0)Bi+ 1

2
DhB̄�µ�5{uµ, B}i+ 1

2
F hB̄�µ�5[u

µ, B]i
<latexit sha1_base64="n16vblFMl8vTDrPR3jMzoVc7tzY="></latexit><latexit sha1_base64="NX7bhRkYxBdhkjK9FJI6pJq0feg="></latexit><latexit sha1_base64="NX7bhRkYxBdhkjK9FJI6pJq0feg="></latexit><latexit sha1_base64="JOSKshLymuYXf5AFyrTXrOHYz9M="></latexit>

Leff (B,U) = L(1)
MB(B,U) + L(2)

MB(B,U)
<latexit sha1_base64="x656Dim2un4bE8RG7XfE6WXtEpA=">AAACOXicbZDLSgMxFIYz9VbrbdSlm2ARWpQyUwTdCKVuXChUsBdoa8mkZ9rQzIUkI5ShT6aP4Au41JWoO1/AtJ1Fbfuv/vzfHzjnOCFnUlnWm5FaWV1b30hvZra2d3b3zP2DmgwiQaFKAx6IhkMkcOZDVTHFoREKIJ7Doe4Mrse8/gRCssB/UMMQ2h7p+cxllCgddcwa1mp5RPUp4fHt6DEG1x3lymfV/NVMnOnEd7isac7OT+npUlpMaMfMWgVrIrxo7MRkUaJKx3xtdQMaeeAryomUTdsKVTsmQjHKYZRpRRJCQgekB01tfeKBbMeT/Uf4xA0EVn3Ak/dsNyaelEPP0Z3xuHKejcNlrBkp97IdMz+MFPhUVzRzI45VgMdnxF0mgCo+1IZQwfSUmPaJIFTpY2f0+vb8soumVizYVsG+P8+Wyskh0ugIHaMcstEFKqEbVEFVRNEL+kDf6Md4Nt6NT+NrWk0ZyZ9D9E/G7x9rIqmG</latexit><latexit sha1_base64="x656Dim2un4bE8RG7XfE6WXtEpA=">AAACOXicbZDLSgMxFIYz9VbrbdSlm2ARWpQyUwTdCKVuXChUsBdoa8mkZ9rQzIUkI5ShT6aP4Au41JWoO1/AtJ1Fbfuv/vzfHzjnOCFnUlnWm5FaWV1b30hvZra2d3b3zP2DmgwiQaFKAx6IhkMkcOZDVTHFoREKIJ7Doe4Mrse8/gRCssB/UMMQ2h7p+cxllCgddcwa1mp5RPUp4fHt6DEG1x3lymfV/NVMnOnEd7isac7OT+npUlpMaMfMWgVrIrxo7MRkUaJKx3xtdQMaeeAryomUTdsKVTsmQjHKYZRpRRJCQgekB01tfeKBbMeT/Uf4xA0EVn3Ak/dsNyaelEPP0Z3xuHKejcNlrBkp97IdMz+MFPhUVzRzI45VgMdnxF0mgCo+1IZQwfSUmPaJIFTpY2f0+vb8soumVizYVsG+P8+Wyskh0ugIHaMcstEFKqEbVEFVRNEL+kDf6Md4Nt6NT+NrWk0ZyZ9D9E/G7x9rIqmG</latexit><latexit sha1_base64="x656Dim2un4bE8RG7XfE6WXtEpA=">AAACOXicbZDLSgMxFIYz9VbrbdSlm2ARWpQyUwTdCKVuXChUsBdoa8mkZ9rQzIUkI5ShT6aP4Au41JWoO1/AtJ1Fbfuv/vzfHzjnOCFnUlnWm5FaWV1b30hvZra2d3b3zP2DmgwiQaFKAx6IhkMkcOZDVTHFoREKIJ7Doe4Mrse8/gRCssB/UMMQ2h7p+cxllCgddcwa1mp5RPUp4fHt6DEG1x3lymfV/NVMnOnEd7isac7OT+npUlpMaMfMWgVrIrxo7MRkUaJKx3xtdQMaeeAryomUTdsKVTsmQjHKYZRpRRJCQgekB01tfeKBbMeT/Uf4xA0EVn3Ak/dsNyaelEPP0Z3xuHKejcNlrBkp97IdMz+MFPhUVzRzI45VgMdnxF0mgCo+1IZQwfSUmPaJIFTpY2f0+vb8soumVizYVsG+P8+Wyskh0ugIHaMcstEFKqEbVEFVRNEL+kDf6Md4Nt6NT+NrWk0ZyZ9D9E/G7x9rIqmG</latexit><latexit sha1_base64="x656Dim2un4bE8RG7XfE6WXtEpA=">AAACOXicbZDLSgMxFIYz9VbrbdSlm2ARWpQyUwTdCKVuXChUsBdoa8mkZ9rQzIUkI5ShT6aP4Au41JWoO1/AtJ1Fbfuv/vzfHzjnOCFnUlnWm5FaWV1b30hvZra2d3b3zP2DmgwiQaFKAx6IhkMkcOZDVTHFoREKIJ7Doe4Mrse8/gRCssB/UMMQ2h7p+cxllCgddcwa1mp5RPUp4fHt6DEG1x3lymfV/NVMnOnEd7isac7OT+npUlpMaMfMWgVrIrxo7MRkUaJKx3xtdQMaeeAryomUTdsKVTsmQjHKYZRpRRJCQgekB01tfeKBbMeT/Uf4xA0EVn3Ak/dsNyaelEPP0Z3xuHKejcNlrBkp97IdMz+MFPhUVzRzI45VgMdnxF0mgCo+1IZQwfSUmPaJIFTpY2f0+vb8soumVizYVsG+P8+Wyskh0ugIHaMcstEFKqEbVEFVRNEL+kDf6Md4Nt6NT+NrWk0ZyZ9D9E/G7x9rIqmG</latexit>

Incorporation of higher order corrections (Born + NLO terms) in the Lagrangian can modify the 
interplay between coupled channels thereby modifying the pole locations and widths

WT s-channel u-channel
Born terms

<latexit sha1_base64="Bpt2Q8P3pc+kHYoEDyzaQldGRTU="></latexit>

L(2)
MB = bDhB̄{�+, B}i+ bF hB̄[�+, B]i+ b0hB̄Bih�+i+ d1hB̄{uµ, [u

µ, B]}i
+ d2hB̄[uµ, [u

µ, B]]i+ d3hB̄uµihuµBi+ d4hB̄Bihuµuµi

NLO contact terms

𝒃𝟎, 𝒃𝑫 , 𝒃𝑭, 𝒅𝟏, 𝒅𝟐, 𝒅𝟑,	𝒅𝟒	LECs are not established by the underlying theory

No available scattering data to fix the LECs à SU(3) symmetry is assumed and  LECs taken from 
BCN model (same approach constrained by the S=-1 meson-baryon scattering data)

A.F., V. Magas and A. Ramos,  Phys. Rev. C 99, no.3, 035211 (2019)
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Motivation: Effects of the NLO terms on the 𝚵∗ spectrum

isospin symmetry
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subtraction constants (SCs) for the dimensional 
regularization scale 𝜇 = 630𝑀𝑒𝑉 in all the “l” channels  

<latexit sha1_base64="JjFu0UirXV8VuUzWr/9EGqZmLbA="></latexit> a⇡0⌅0 = a⇡+⌅� = a⇡⌅

aK̄0⇤ = aK̄⇤

aK̄0⌃0 = aK�⌃+ = aK̄⌃

a⌘⌅0 = a⌘⌅

The presence of the Ξ(1620) and Ξ(1690) requires a non-perturbative 
à solve the Bethe–Salpeter equation in coupled channels with on-shell factorization

<latexit sha1_base64="WXkcaugGL/rqKsNV6307rNfFqz0=">AAACGHicbVDLTsJAFJ3iC+ur6tLNRGKCC0hrFN2YEF3oEhMoJFDJdJi2I9NOMzPVkIYf0Z/RlfGxcuffWJAFgmd17j3nJvccN2ZUKtP81nILi0vLK/lVfW19Y3PL2N6xJU8EJg3MGRctF0nCaEQaiipGWrEgKHQZabr9y5HevCdCUh7V1SAmToj8iHoUI5WtusZJ/bxoleyrw9u0ZA1t2GE88gX1A4WE4A+w3k3p3RDqcBp61yiYZXMMOE+sCSmACWpd47PT4zgJSaQwQ1K2LTNWToqEopiRod5JJIkR7iOftDMaoZBIJx3HG8IDjwuoAgLH87Q3RaGUg9DNPCFSgZzVRsv/tHaivDMnpVGcKBLhzJJpXsKg4nDUEuxRQbBig4wgLGj2JcQBEgirrMtRfGs27Dyxj8pWpVy5OS5ULyZF5MEe2AdFYIFTUAXXoAYaAIMn8ALewYf2qD1rr9rbrzWnTW52wR9oXz/3UJsr</latexit>

T = (1� V G)�1V �! Tij

SCs are unknown parameters to be fitted to the experiment (𝑎!~− 2)
à Tunned to reproduce the experimental masses and widths of the Ξ(1620) and Ξ(1690): 

Belle Coll., Phys Rev. Lett. 122, 072501 (2019) LHCb Coll., Science Bulletin 66 (2021) 1278–1287
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Motivation: Effects of the NLO terms on the 𝚵∗ spectrum

A.F., V. Valcarce, V. Magas, PLB 841 (2023) 137927, PLB 853 (2024) 138660 (erratum)
 

<latexit sha1_base64="0FFSxqUHT5gQ1Im0FVhJHJxt0wU="></latexit>

BCN Model ⌅(1620) ⌅(1690)
M [MeV] 1606.86 1680.99
� [MeV] 171.18 5.17

gi |gi| gi |gi|
⇡+⌅� 1.71 + i 0.83 1.90 �0.17 + i 0.07 0.19
⇡0⌅0 �1.21� i 0.59 1.35 0.16� i 0.04 0.16
K̄0⇤ �1.95� i 0.21 1.96 �0.48� i 0.06 0.49
K�⌃+ 0.76� i 0.11 0.77 �1.43 + i 0.11 1.44
K̄0⌃0 �0.54 + i 0.07 0.55 1.05� i 0.07 1.05
⌘⌅0 �0.05 + i 0.10 0.12 0.74� i 0.05 0.74

Pole content:
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+
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Model II

à First simultaneous generation of both poles with reasonable reproduction of masses and widths
à The Flatté effect experienced by the Ξ(1620) signal at the )𝐾0Λ threshold fixes the incompatibility between
the experimental and the theoretical values living an apparent width ~75MeV 
à Coupling pattern consistent with previous works

<latexit sha1_base64="LrFzGP2zKtcWp8r4Rfnw8TiXWWg="></latexit>

LHCb:M = 1610.4± 6.0+5.9
�3.5 MeV, � = 59.9± 4.8+2.8

�3.0 MeV

Belle:M = 1692.0± 1.3+1.2
�0.4 MeV, � = 25.9± 9.5+14.0

�13.5 MeV

Belle:
LHCb:
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Impact of the Femtoscopic data on 𝚵∗ spectrum

Weak decays of heavy hadrons  are Key inputs for hadron spectroscopy
• Full theoretical control is hard à many decay mechanisms involved
• Known hierarchy: external emission > internal emission > W-exchange > annihilation
àBut relative weights in each decay mechanisms are generally unknown.

Hadron femtoscopy
• Now a powerful tool to constrain hadron interactions where scattering data are unavailable.
• The Koonin–Pratt formalism to calculate CFs provides a clean, controlled framework, giving tighter

constraints (despite inherent offshell ambiguities in the scattering wave function)

Testing the BCN model with femtoscopy
• ALICE collabora?on released the 𝐾"Λ CF analysis in 2023
• The validity of the BCN model (NLO) was confronted using femto data via the KPF
• The resulting theoretical 𝐾"Λ CF failed to describe the data—not even the trend
• Then the model parameters (LECs and SCs) fitted to the femto data, aiming to shed light on the nature 

of the Ξ∗ states

Phys. Lett. B 845 (2023) 138145 
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Impact of the Femtoscopic data on 𝚵∗ spectrum: Koonin-Pratt formalism

<latexit sha1_base64="aMdJrTVHbUlC9gVWrHwbWVP3Y8Y="></latexit>

Ci(k
⇤) =

X

j

!prod.
j

Z
d3r⇤Sj(r

⇤)| ji(k
⇤, r⇤)|2

𝝎𝒋
𝒑𝒓𝒐𝒅: production weights take into account the initially produced j 

pairs that can convert to the measured  i final state

ü Depend on yields & kinematics:    𝝎𝒋
𝒑𝒓𝒐𝒅 =

𝑵𝒋
𝒑𝒓𝒊𝒎

𝑵𝒊
𝒑𝒓𝒊𝒎 =

𝑵𝒋𝑨
𝒑𝒓𝒊𝒎𝑵𝒋𝑩

𝒑𝒓𝒊𝒎

𝑵𝒊𝑨
𝒑𝒓𝒊𝒎𝑵𝒊𝑩

𝒑𝒓𝒊𝒎

ü Particle abundances estimated from Thermal1 & Transport2 models 

The CF in multi-channel systems for a given pair “i” can be express 
within the KP formalism as:

2

strangeness in the system (see [54] in the main text), and is driven by three parameters: the chemical freeze-out

temperature Tch, the strangeness saturation parameter �s, and the volume at midrapidity dV /dy). The values, and

the corresponding uncertainties, for these parameters are extracted from the parameterisation provided in Ref.[54] at

the average multiplicity of charged particles at mid-rapidity hdNch/d⌘i = 31.6 (see [37] in the main text) measured

by the ALICE collaboration in the same high-multiplicity p–p dataset at
p
s = 13 TeV used for the measurement

of K
�
⇤ correlations [32]. The values of the thermal parameters, with the corresponding uncertainties provided in

Ref.[54], read Tch = 167± 1.2 MeV, �S = 0.85± 0.01 and dV/dy = 75.8± 6.3 fm
3
.

In order to estimate the amount of Nprim.
j pairs in a specific inelastic channel turning, via the coupled-channel

dynamics, into the measured K
�
⇤ pairs in the final state, we also need to include a kinematic input on the relative

momentum k⇤ of the initial pair (see [39] in the main text). Most of the signal embedded in the measured correlation

function due to the strong K
�
⇤ interaction is typically originating from the K

�
⇤ pairs with k⇤ below 200 MeV/c.

Since the relative momentum k⇤ can be directly related to the transverse momenta pT of the single particles in the pair

we can use the Blast-Wave (BW) fit approach to obtain how many pairs in each j channel will lead to the sample of

K
�
⇤ pairs in the relevant momentum k⇤ region. By adopting the same values for the BW parameters used in (see [39]

in the main text) for the high-multiplicity p–p collisions dataset, we generated the single particle pT spectra for each

of the mesons (p�,0
,K�

,K̄0
,⌘) and baryons (⌅

0,�
,⇤,⌃

0,�
) composing the inelastic channels in the K

�
⇤ system. Based

on the BW spectra, the k⇤ distribution for the pairs is built, selecting only relative momenta in the femtoscopic region

below 200 MeV/c.
In order to obtain the production weights, presented in Tab. II, the integrated BW pair yield in the considered k⇤

range is rescaled by the corresponding pair yield evaluated within TF and normalized to the K
�
⇤ one, taken as a

reference. The errors reported in Tab II are obtained by propagating the available uncertainties on the parameters

used in TF (see [54] in the main text) and in the BW fit (see [39] in the main text). In Fig. 1 we show the theoretical

Table II. Production weights !prod
j for the channels coupling to the K�⇤ system (j = p�⌅0, p0⌅�,K�⌃0,K

0
⌃�, ⌘⌅�).

Channel j !prod
j

K�⇤ 1.000

p�⌅0 1.536+0.005
�0.012

p0⌅� 1.584+0.001
�0.006

K�⌃0 0.682+0.001
�0.001

K
0
⌃� 0.630+0.001

�0.004

⌘⌅� 0.178+0.023
�0.022

K
�
⇤ correlation function with the inelastic channels scaled by the corresponding production weights in Tab. II. This

correlation will be the one used to model the genuine term in the fit to the measured K
�
⇤ femtoscopic data.
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Figure 1. Theoretical K�⇤ correlation function obtained using the VBC model tuned to data using Eq. 1.



15th International Workshop on the Physics of Excited Nucleons, Sevilla,  Sep 7 – 11 2026 9

<latexit sha1_base64="aMdJrTVHbUlC9gVWrHwbWVP3Y8Y="></latexit>

Ci(k
⇤) =

X

j

!prod.
j

Z
d3r⇤Sj(r

⇤)| ji(k
⇤, r⇤)|2

The CF in multi-channel systems for a given pair “i” can be express 
within the KP formalism as:

𝑆" 𝑟∗ : emitting source describes the probability of emitting the particle pair j at a relative distance r*.
 For the present cases, it is taken to be:

Impact of the Femtoscopic data on 𝚵∗ spectrum: Koonin-Pratt formalism
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PRODUCTION WEIGHTS AND EMITTING SOURCE IN THE K�⇤ SYSTEM

The total source for the elastic and inelastic correlations in Eq. 1 is modeled with a with linear combination of two

Gaussians normalized to unity, using the same functional form given in the recent K
�
⇤ femtoscopic measurements in

pp collisions performed by the ALICE collaboration [32].

Sj(~r) = S(~r) = �s

⇣
!G1(~r) + (1� !)G2(~r)

⌘
, (1)

where

Gi(~r) = Gi(r) =
1

p
4⇡R3

i

exp

✓
�

r2

4R2
i

◆
, (i = 1, 2) (2)

In Tab. I we report the values of the source parameters for all the channels involved in this analysis. The uncertainties

for the K
�
⇤ source are taken from [32]. We estimated the uncertainties on the remaining inelastic source parameters

using the reported error on the rcore in [32] of approximately 4%.

Table I. Parameters of the total e↵ective source profile (core and resonancens) used in this work for the K�⇤ system and the
corresponding coupled-channels contributions.

Channels R1 (fm) R2 (fm) ! ⇤s

K�⇤, ⌃K 1.202+0.043
�0.042 2.330+0.050

�0.045 0.7993+0.0037
�0.0027 0.9806+0.0006

�0.0008

p⌅ 1.371+0.041
�0.040 3.338+0.038

�0.035 0.7415+0.0017
�0.0035 0.9806+0.0019

�0.0013

⌘⌅� 1.21+0.040
�0.040 2.28+0.040

�0.040 0.86 0.988+0.001
�0.001

The production weights !prod
j in Eq. 1 properly account for the amount of j pairs, originating from primary particles

produced in the initial p–p collision (see [39,46,47,52] in the main text). The production weights can be defined as

the yield of the pair j, normalized to the primary K
�
⇤ yield

!prod
j =

Nprim.
j

Nprim.
K�⇤

, (3)

in which the pair yields N are given by the product of the single primary particle yield composing the pair (i.e

Nprim.
K�⇤ = Nprim.

⇤ · Nprim.
K� ). The abundances of particles are estimated within the statistical hadronization model

approach, using the public THERMAL-FIST (TF) framework (see [54] in the main text). The thermal production

of particles in p–p collisions is described within the canonical ensemble, assuming an incomplete equilibration of

<latexit sha1_base64="hGiKwTcEZPFxWlAz72A+yNFf3ek="></latexit>
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⌘

Gi(r
⇤) =

1p
4⇡R3

i

exp

✓
� r⇤2

4R2
i

◆
, (i = 1, 2)
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Ci(k
⇤) =

X

j

!prod.
j

Z
d3r⇤Sj(r

⇤)| ji(k
⇤, r⇤)|2

The CF in multi-channel systems for a given pair “i” can be express 
within the KP formalism as:

𝛹"# 𝑘∗, 𝑟∗ : relative wave function describes the transition from a given initial channel j to
the final observed channel i, it can be obtained from the scattering amplitude Tji as

<latexit sha1_base64="pYDQqBAI6hZTBiZjJE8TxVBalT4="></latexit>

 ji(p, r) = �jij0(pr) +

Z
d3q

(2⇡)3
1

2!j(q)

Mj

Ej(q)

Tji(
p
s, p, q) j0(qr)p

s� !j(q)� Ej(q) + i✏

Impact of the Femtoscopic data on 𝚵∗ spectrum: Koonin-Pratt formalism
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Impact of the Femtoscopic data on 𝚵∗ spectrum: Results
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mass M : 1612.68 MeV 1670.28 MeV
width �: 24.57 MeV 7.44 MeV

Riemann sheet: (���+++) (���+++)

|gi|
��g2i dG/dE

�� |gi|
��g2i dG/dE

��

⇡�⌅0(1454) 0.51 0.014 0.22 0.002
⇡0⌅�(1456) 0.36 0.007 0.39 0.007
⇤K�(1609) 0.94 0.162 0.07 0.000
K�⌃0(1686) 0.17 0.002 2.20 0.761
K̄0⌃�(1695) 0.21 0.003 1.37 0.230
⌘⌅�(1868) 5.86 0.937 0.05 0.000
Experimental ⌅⇤: ⌅(1620) BELLE ⌅(1690) PDG

mass M : 1610.4± 6.0+5.9
�3.5 MeV 1690± 10 MeV

width �: 59.9± 4.8+2.8
�3.0 MeV 20± 15 MeV

<latexit sha1_base64="SdliwYir/FGNejiE71/As2KUG1k="></latexit>

C(k⇤) = ND ⇥ Cmodel(k
⇤)⇥ Cbackground(k

⇤)

Cmodel(k
⇤) = 1 + �gen ⇥ (Cgen(k

⇤)� 1)

+
X

res

�res ⇥ (Cres(k
⇤)� 1)

à Both poles found in the physically relevant RS
à Pole masses and widths compatible with experimental data
à Novel aspect: gi show a different pattern for the Ξ(1620)
• Former works interpret it as a 𝜋Ξ − )𝐾Λ molecule  

(+ non-negligible )𝐾Σ coupling)  
• In this study, Ξ(1620) is a molecule basically consisting of 
𝐾"Λ − 𝜂Ξ mixing

Pole content with the determined scattering 
amplitudes:

V. Mantovani Sarti, A.F., I. Vidaña, et al, 
Phys. Rev. D 110 (2024) 1, L011505 
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Compatibility study between 𝑲$𝚲 CF and 𝑲$𝚲 IMD from 𝚵𝒃$ → 𝑱/𝝍𝑲$𝚲

Why test the model in the K"Λ spectrum?

• In the CF analysis, the scattering information enters through the coupled–channel amplitudes t8→:(;, 
filtered by the source functions and weighted by the production coefficients (primary p-p collision)
à CF mainly probes the final-state interaction under a specific production mechanism

• In Ξ<
" → J/ψK"Λ decay, the relevant amplitudes are the same t8→:(;, but they appear multiplied 

by different production weights determined by the weak decay dynamics
à The decay emphasizes different channel contributions compared with CF

• Each mechanism provide different sensitivity to the pole structure of Ξ(1620) and Ξ(1690) 

à Testing LHCb spectra (Science Bulletin 66 (2021) 1278–1287) assesses whether the amplitudes 
constrained in CF remain consistent once a different production mechanism is at play.

The scattering amplitudes constrained using Femtoscopic data shed novel coupling-pattern 
paradigm for the Ξ(1620) molecular state
à It is mandatory to check the realistic character of this interpretation 
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Compatibility study between 𝑲$𝚲 CF and 𝑲$𝚲 IMD from 𝚵𝒃$ → 𝑱/𝝍𝑲$𝚲
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3

Production 
weights

Diagrams accounted for to calculate the amplitude of the process:

a) Tree level diagram contributing to background
b) (S=-1) MB FSI (Chiral Lagrangian up to NLO): BCN 

(Phys. Lett. B 841 (2023) 137927) and VBC (Phys. 
Rev. D 110 (2024) 1, L011505) models

c)  J/ψΛ FSI (HQSS and HG formalism) 
A.F., W.F. Wang, C. W. Xiao et al., 
Phys.Lett.B 839 (2023) 137760
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Compatibility study between 𝑲$𝚲 CF and 𝑲$𝚲 IMD from 𝚵𝒃$ → 𝑱/𝝍𝑲$𝚲
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Amplitude of the decay process (with the spin considerations)

H.-X. Chen, L.-S. Geng, W.-H. Liang,et al., Phys. Rev. C 93, 065203 (2016) 

The decay amplitude should preserve the total spin  
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J(J/ ) = 1, J(⇤) = 1/2 (s-wave) ! J(J/ ⇤) = 1/2, 3/2

J(K�) = 0

Depending on the total spin of the 𝐽/𝜓𝛬 system (1/2 or 3/2), one should take the corresponding
relative angular momentum (L=0 or 1) of the K" with respect to the 𝐽/𝜓𝛬
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TL
JJ/ ⇤

Coherent sum of the Feynman
diagrams with relative angular
momentum L and total 𝐽/𝜓𝛬 spin
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Compatibility study between 𝑲$𝚲 CF and 𝑲$𝚲 IMD from 𝚵𝒃$ → 𝑱/𝝍𝑲$𝚲

<latexit sha1_base64="bvdwI2S88kLQITHI6byCEpDzj50="></latexit>

|M|2 = N
h
3V 2

p

���T s�wave
1/2

���
2
+

3

2
~q2B2

���T p�wave
3/2

���
2

+3~q2B02
���T p�wave

1/2

���
2
+
X

i

|tBW
⌅⇤

i
(mK�⇤)|2

i

Amplitude of the decay process 

Resonances appearing in the K"Λ IMD not generated by the model (pseudoscalar-baryon  (1/2+) limited to s-wave)
𝑖 = Ξ 1820 , Ξ 1950 , Ξ(2030)
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�total = 8MeV
PDG+LHCb measurement The contributions from Ξ 1950 and Ξ(2030) states

obtained employing an ordinary relativistic Breit-
Wigner (masses and widths are taken from LHCb
measurement)

LHCb Coll., Science Bulletin 66 (2021) 1278–1287

VP, B and B’ encode the weak processes for L=0,1
à smooth behavior in this energy window, assumed constant
à 𝑉=~1 (dominant K- in s-wave), 𝐵 ≈ 𝐵′ (10% relative to VP)
à Maximum 𝑞>( ≈ 1000𝑀𝑒𝑉/𝑐, then 𝐵 = 𝐵? = 10"@

The global normalization N factor will absorb the strength of the weak process
à Extracted from the ratio between the integrated theoretical K"Λ invariant mass distribution over the 
experimental one in [1680,2700] MeV (ensures direct comparison to data)
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Compatibility study between 𝑲$𝚲 CF and 𝑲$𝚲 IMD from 𝚵𝒃$ → 𝑱/𝝍𝑲$𝚲

Scenario A

Λ

"#

Ξ%#

&/(
)*+(-), &/= 1/2#
)*+(2), &/= 1/2#

L=0,1

Scenario B

Λ

"#

Ξ%#

&/(
)*+(-), &/= 1/2#
)*+(2), &/= 3/2#

L=0,1
L=1

Scenario C

Λ

"#

Ξ%#

&/(
)*+(-), &/= 1/2#
)*+(2), &/= 1/2#
)*+(4), &/= 3/2#

L=0,1
L=1

<latexit sha1_base64="UXfWigJZqfvv2w6iOjVgeTk8Q+M="></latexit>

T s-wave
1/2 = h⇤K� + h⇤K�GJ/ ⇤(mJ/ ⇤)tJ/ ⇤,J/ ⇤(mJ/ ⇤)

+
X

i

hiGi(mK�⇤)ti,K�⇤(mK�⇤)

T p-wave
3/2 = h⇤K�

T p-wave
1/2 = h⇤K�+

+ h⇤K�GJ/ ⇤(mJ/ ⇤) tJ/ ⇤,J/ ⇤(mJ/ ⇤)

Scenario A

Λ

"#

Ξ%#

&/(
)*+(-), &/= 1/2#
)*+(2), &/= 1/2#

L=0,1

Scenario B

Λ

"#

Ξ%#

&/(
)*+(-), &/= 1/2#
)*+(2), &/= 3/2#

L=0,1
L=1

Scenario C

Λ

"#

Ξ%#

&/(
)*+(-), &/= 1/2#
)*+(2), &/= 1/2#
)*+(4), &/= 3/2#

L=0,1
L=1

<latexit sha1_base64="ZWSEKhM3LLymqWiPBl73CTg6hj0="></latexit>

T s-wave
1/2 = hK�⇤ + hK�⇤GJ/ ⇤(mJ/ ⇤)t

BW
P (1)

cs
(mJ/ ⇤)

+
X

i

hiGi(mK�⇤)ti,K�⇤(mK�⇤)

T p-wave
3/2 = hK�⇤ + hK�⇤GJ/ ⇤(mJ/ ⇤) t

BW
P (2)

cs
(mJ/ ⇤)

T p-wave
1/2 = hK�⇤ + hK�⇤GJ/ ⇤(mJ/ ⇤)t

BW
P (1)

cs
(mJ/ ⇤)



15th International Workshop on the Physics of Excited Nucleons, Sevilla,  Sep 7 – 11 2026 17
A.F., V. Mantovani Sar0, J. Nieves, A. Ramos and I. Vidaña. Phys. Rev. D 111 (2025) 1, 014022 

Compatibility study between 𝑲$𝚲 CF and 𝑲$𝚲 IMD from 𝚵𝒃$ → 𝑱/𝝍𝑲$𝚲
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Compatibility study between 𝑲$𝚲 CF and 𝑲$𝚲 IMD from 𝚵𝒃$ → 𝑱/𝝍𝑲$𝚲
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Double differential cross-section for the Ξ<" → J/ψK"Λ decay process: 

𝑑𝛤/𝑑𝑚>(A
B  requires fixing 𝑚>(A invariant mass and integrate 

over 𝑚C/EA:

The poles dynamically generated by the 𝑡C/EA  
start to influence the 𝑑𝛤/𝑑𝑚>(A

B  distribution 
from around 1800 MeV onward
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Compatibility study between 𝑲$𝚲 CF and 𝑲$𝚲 IMD from 𝚵𝒃$ → 𝑱/𝝍𝑲$𝚲

This decay proceeds through the intermediate 𝑖 =
𝐾"Λ, )𝐾0Σ", 𝐾"Σ0, 𝜂Ξ" channels via the 𝒕𝒊→𝑲(𝜦

• VBC: generates Ξ(1620) above K"Λ threshold coupling to
𝐾"Λ and 𝜂Ξ" (strongly) à overshooting the LHCb data
points

• BCN: generates Ξ(1620) below K"Λ threshold (broad
structure + FlaRé effect) coupling to 𝐾"Λ and 𝛑𝚵 channels
(strongly) à suppressed peak structure in the IMD

• Both models overestimate the Ξ(1690) experimental peak
(VBC by a factor 2, BCN by an order of magnitude)

• The background generated by the VBC combined with the BWs
is in good agreement with LHCb data from 1800 MeV onward

• All configura?ons of 𝑷𝒄𝒔 states in the 𝑱/𝝍𝚲 invariant mass
provide a similar good descrip?on of the LHCb data (beRer for
those configura?ons where the heavier one has J=3/2)
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Compatibility study between 𝑲$𝚲 CF and 𝑲$𝚲 IMD from 𝚵𝒃$ → 𝑱/𝝍𝑲$𝚲

Error bands for VBC model (scenario C)
estimated from the uncertainties of the LECs
and SCs (1𝜎 grey band, 2𝜎 yellow band)

• Error bands clearly show that experimental
data fall within the Ξ(1690) resonance
region, while they highlight the inability of the
model to properly describe the spectrum
below 1690 MeV

à NEED FOR ADDITIONAL EXPERIMENTAL
DATA TO FURTHER CONSTRAIN AND
REFINE THE MODELS

Recent study with same conclusions:    
Veloso, Khemchandani et al., arXiv:2608.27736
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CONCLUSIONS

First study connecting a UχPT model at NLO (VBC), constrained to ALICE K"Λ CF, with the LHCb K"Λ
invariant–mass spectrum in Ξ<

" → J/ψK"Λ.

VBC model provides a novel molecular interpretation of the lowest Ξ∗ states, consistent with present 
measurements, and different from previous S=−2 approaches.

Comparison between BCN and VBC UχPT models shows that VBC gives a better description of the 
measured K"Λ spectrum above the 1690 MeV region.

The J/ψΛ amplitude, built from HQSS and LHG with a unitary extension, dynamically generates two 
degenerate 𝑷𝒄𝒔 states. Testing different 𝑷𝒄𝒔 spin–parity and multiplicities shows very small impact on 
the K"Λ spectrum.

Some tension between models and LHCb is visible near the K"Λ threshold, driven by the Ξ(1620) and its 
model-dependent coupling. This highlights the importance of precise constraints on the Ξ(1620) properties 
and its coupled channels. Additional experimental input on 𝛑𝚵, )𝐊𝚺 and 𝛈𝚵 would significantly improve the 
determination of the UχPT parameters in the S=−2 sector.
Future work: exploit new ALICE Ξ"π# correlations and include the Belle ΞJ# → Ξ"π#π#decay in this analysis.
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Experimental background: Weak decays (Belle)  

Belle Coll., Phys Lett. B 524 (2002) 33–43
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Determination of the ⌅(1620) properties:

M⌅(1620) = 1610.4± 6.0(stat)+6.1
�4.2(syst)

�⌅(1620) = 59.9± 4.8(stat)+2.8
�7.1(syst)



15th International Workshop on the Physics of Excited Nucleons, Sevilla,  Sep 7 – 11 2026 23

Experimental background: Weak decay (LHCb) and Femtoscopy (ALICE)  

LHCb Coll., Science Bulletin 66 (2021) 1278–1287
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Determination of the ⌅(1690) and ⌅(1820) properties:

M⌅(1690) = 1692.0± 1.3+1.2
�0.4 MeV

�⌅(1690) = 25.9± 9.5+14.0
�13.5 MeV

M⌅(1820) = 1822.7± 1.5+1.0
�0.6 MeV

�⌅(1820) = 36.0± 4.4+7.8
�8.2 MeV
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ALICE Collaboration Physics Letters B 845 (2023) 138145

Fig. 1. Upper: measured correlation function for !–K− pairs (empty points) with 
statistical (line) and systematic (gray boxes) uncertainties. Lower: invariant mass 
spectrum of !–K− pairs used to build the measured correlation function. Only the 
statistical uncertainties are shown. The upper x-axis indicates the energy at rest 
E =

√
(k∗)2 + m2

! +
√

(k∗)2 + m2
K of the pair written as a function of the relative 

momentum of the !–K− pair. The quantity E corresponds to the invariant mass 
M of the !–K− pairs. The colored vertical dashed lines indicate the values of the 
relative momentum k∗ (upper panel) and the value of the energy E at rest of each 
resonance (lower panel) corresponding to its nominal mass extracted in the final 
femtoscopic fit.

strong decay to !–K− . In order to help the convergence of the fi-
nal femtoscopic fit, a fit of the total Cbackground(k∗) correlation to 
the data is performed in the k∗ region of 190 − 600 MeV/c to es-
timate the weights α# , αi as well as the masses and widths of the 
resonances. A change of ±10% in the upper limit of the prefit range 
is included in the evaluation of the final systematic uncertainties. 
These parameters are then kept free in the final femtoscopic fit of 
Ctot(k∗) to the data and the values obtained for the masses and 
widths are found to be compatible with the available PDG val-
ues [31] and recent measurements [29,30]. The orange band in 
Figs. 2 and 3 shows the total Cbackground(k∗) correlation function 
extracted in the final femtoscopic fit, multiplied by the normaliza-
tion factor ND , for !–K+ and !–K− pairs, respectively.

The last ingredient needed to model the data is the strong in-
teraction of the !–K+ and !–K− pairs entering in the Cmodel(k∗)
in Eq. (2) via the genuine correlation function Cgen(k∗). This is 
modeled for both pairs using the Lednický–Lyuboshits analytical 
formula [70], following the approach used in Ref. [46],
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The scattering amplitude f (k∗) is the quantity embedding the scat-
tering parameters and providing information on the underlying 
interaction. Typically, f (k∗) is expressed via the effective-range 
expansion (ERE) f (k∗) =

(
1
f0
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2 d0k∗2 − ik∗

)−1
, in which f0 is 

the scattering length and d0 is the effective range. The parame-
ter R is the size of the emitting source with a Gaussian profile. 
In this work it was fixed using the core-resonance model taken 
from Ref. [53], already employed in several previous femtoscopic 
analyses performed in small colliding systems as pp collisions 
and anchored to p–p correlations. The core radius for !–K+ and 
!–K− pairs is rcore(〈mT〉 = 1.35 GeV/c2) = 1.11 ± 0.04 fm. In or-
der to use the core-resonance total source in Eq. (4), this must be 
parametrized with a Gaussian distribution. The presence of long-
lived strong resonances feeding to ! and kaons introduces a sig-
nificant exponential tail for large r∗ , which cannot be described 
with a single Gaussian [5,6,8,10,13]. The total source is hence mod-
eled with a weighted sum of two Gaussians, leading to an effective 
emitting source Seff(r∗) = λS [ωS S1(r∗) + (1 − ωS)S2(r∗)], in which 
r1 = 1.202+0.043

−0.042 fm, r2 = 2.330+0.050
−0.045 fm, λS = 0.9806+0.0006

−0.0008, and 
ωS = 0.7993+0.0037

−0.0027. As systematic variation of the source function, 
these values are varied within the uncertainties. Due to the addi-
tive property of correlation functions, the final genuine correlation 
is then taken as the sum of two correlations evaluated with the 
two properly weighted Gaussian sources. To preserve the correct 
normalization of the emitting source and the unitarity of the λ pa-
rameters [2] in Cmodel(k∗), a (1−λS ) contribution is added.

The understanding of the !K− interaction, particularly in the 
low k∗ region, is strictly connected to the '(1620) state. In prin-
ciple, since '(1620) shares the same quantum numbers as the 
!–K− pair, the two systems can couple strongly. The Belle collab-
oration recently published the observation of the '(1620) state in 
the 'π decay channel (Ethr.1 = mπ + m' = 1461.3 MeV/c2) [28]. 
The reported mass and widths in Ref. [28] are M'(1620) = 1610.4 ±
6.0 MeV/c2, ('(1620) = 60.0 ± 4.8 MeV, which indicates that the 
decay of '(1620) into !K− (Ethr.2 = mK− + m! = 1609.4 MeV/c2) 
is kinematically allowed. No experimental evidence of this decay 
channel has been observed so far. The presented work provides 
quantitative evidence of this process.

The '(1620) state can be clearly seen in the peak at k∗ ≈
80 MeV/c in the lower panel of Fig. 1. Hence, to model the !K−

interaction at low k∗ , the '(1620) must be taken into account 
in the Lednický–Lyuboshits approach. Similar scenarios, with res-
onances contributing to the signal in the low k∗ region, were 
observed in K0

S − K± correlations measured in pp and Pb–Pb colli-
sions, in which the interaction mainly goes through the formation 
of the a0 resonance. A way to properly include such a resonant in-
teraction is to write the scattering amplitude in Eq. (4) in terms of 
the probability distribution describing the state. Due to the vicin-
ity of the !K− decay-channel threshold, the '(1620) resonance 
must be described with a Flatté-like distribution [71] such as the 
Sill distribution used in Ref. [72]. The corresponding scattering am-
plitude can be written as

f (k∗) =
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E2 − M2 + i(̃'π
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in which M is the mass of the '(1620) state, (̃i='π,!K− are the 
effective partial widths as defined in Ref. [72], and Ethr.i='π,!K−

are the threshold energies for the two channels, as defined above.
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Fig. 1. Upper: measured correlation function for !–K− pairs (empty points) with 
statistical (line) and systematic (gray boxes) uncertainties. Lower: invariant mass 
spectrum of !–K− pairs used to build the measured correlation function. Only the 
statistical uncertainties are shown. The upper x-axis indicates the energy at rest 
E =

√
(k∗)2 + m2

! +
√

(k∗)2 + m2
K of the pair written as a function of the relative 

momentum of the !–K− pair. The quantity E corresponds to the invariant mass 
M of the !–K− pairs. The colored vertical dashed lines indicate the values of the 
relative momentum k∗ (upper panel) and the value of the energy E at rest of each 
resonance (lower panel) corresponding to its nominal mass extracted in the final 
femtoscopic fit.

strong decay to !–K− . In order to help the convergence of the fi-
nal femtoscopic fit, a fit of the total Cbackground(k∗) correlation to 
the data is performed in the k∗ region of 190 − 600 MeV/c to es-
timate the weights α# , αi as well as the masses and widths of the 
resonances. A change of ±10% in the upper limit of the prefit range 
is included in the evaluation of the final systematic uncertainties. 
These parameters are then kept free in the final femtoscopic fit of 
Ctot(k∗) to the data and the values obtained for the masses and 
widths are found to be compatible with the available PDG val-
ues [31] and recent measurements [29,30]. The orange band in 
Figs. 2 and 3 shows the total Cbackground(k∗) correlation function 
extracted in the final femtoscopic fit, multiplied by the normaliza-
tion factor ND , for !–K+ and !–K− pairs, respectively.

The last ingredient needed to model the data is the strong in-
teraction of the !–K+ and !–K− pairs entering in the Cmodel(k∗)
in Eq. (2) via the genuine correlation function Cgen(k∗). This is 
modeled for both pairs using the Lednický–Lyuboshits analytical 
formula [70], following the approach used in Ref. [46],

C(k∗)LL = 1 +
[

1
2

∣∣∣∣∣
f (k∗)

R

∣∣∣∣∣

2(

1 − d0

2
√

π R

)

+ 2$ f (k∗)√
π R

F1(2k∗R)

− % f (k∗)
R

F2(2k∗R)

]

. (4)

The scattering amplitude f (k∗) is the quantity embedding the scat-
tering parameters and providing information on the underlying 
interaction. Typically, f (k∗) is expressed via the effective-range 
expansion (ERE) f (k∗) =

(
1
f0

+ 1
2 d0k∗2 − ik∗

)−1
, in which f0 is 

the scattering length and d0 is the effective range. The parame-
ter R is the size of the emitting source with a Gaussian profile. 
In this work it was fixed using the core-resonance model taken 
from Ref. [53], already employed in several previous femtoscopic 
analyses performed in small colliding systems as pp collisions 
and anchored to p–p correlations. The core radius for !–K+ and 
!–K− pairs is rcore(〈mT〉 = 1.35 GeV/c2) = 1.11 ± 0.04 fm. In or-
der to use the core-resonance total source in Eq. (4), this must be 
parametrized with a Gaussian distribution. The presence of long-
lived strong resonances feeding to ! and kaons introduces a sig-
nificant exponential tail for large r∗ , which cannot be described 
with a single Gaussian [5,6,8,10,13]. The total source is hence mod-
eled with a weighted sum of two Gaussians, leading to an effective 
emitting source Seff(r∗) = λS [ωS S1(r∗) + (1 − ωS)S2(r∗)], in which 
r1 = 1.202+0.043

−0.042 fm, r2 = 2.330+0.050
−0.045 fm, λS = 0.9806+0.0006

−0.0008, and 
ωS = 0.7993+0.0037

−0.0027. As systematic variation of the source function, 
these values are varied within the uncertainties. Due to the addi-
tive property of correlation functions, the final genuine correlation 
is then taken as the sum of two correlations evaluated with the 
two properly weighted Gaussian sources. To preserve the correct 
normalization of the emitting source and the unitarity of the λ pa-
rameters [2] in Cmodel(k∗), a (1−λS ) contribution is added.

The understanding of the !K− interaction, particularly in the 
low k∗ region, is strictly connected to the '(1620) state. In prin-
ciple, since '(1620) shares the same quantum numbers as the 
!–K− pair, the two systems can couple strongly. The Belle collab-
oration recently published the observation of the '(1620) state in 
the 'π decay channel (Ethr.1 = mπ + m' = 1461.3 MeV/c2) [28]. 
The reported mass and widths in Ref. [28] are M'(1620) = 1610.4 ±
6.0 MeV/c2, ('(1620) = 60.0 ± 4.8 MeV, which indicates that the 
decay of '(1620) into !K− (Ethr.2 = mK− + m! = 1609.4 MeV/c2) 
is kinematically allowed. No experimental evidence of this decay 
channel has been observed so far. The presented work provides 
quantitative evidence of this process.

The '(1620) state can be clearly seen in the peak at k∗ ≈
80 MeV/c in the lower panel of Fig. 1. Hence, to model the !K−

interaction at low k∗ , the '(1620) must be taken into account 
in the Lednický–Lyuboshits approach. Similar scenarios, with res-
onances contributing to the signal in the low k∗ region, were 
observed in K0

S − K± correlations measured in pp and Pb–Pb colli-
sions, in which the interaction mainly goes through the formation 
of the a0 resonance. A way to properly include such a resonant in-
teraction is to write the scattering amplitude in Eq. (4) in terms of 
the probability distribution describing the state. Due to the vicin-
ity of the !K− decay-channel threshold, the '(1620) resonance 
must be described with a Flatté-like distribution [71] such as the 
Sill distribution used in Ref. [72]. The corresponding scattering am-
plitude can be written as

f (k∗) =
−2(̃!K−

E2 − M2 + i(̃'π

√
E2 − E2

thr.'π + i(̃!K−
√

E2 − Ethr.!K−
2

(5)

in which M is the mass of the '(1620) state, (̃i='π,!K− are the 
effective partial widths as defined in Ref. [72], and Ethr.i='π,!K−

are the threshold energies for the two channels, as defined above.

4

<latexit sha1_base64="Ogs77UA2z9oyzfEUT8/UoqKFNAQ=">AAACDXicbZDLSgMxFIYz9VbrrerSTbAIIlhmRKrLYkEEXVSwF2hryaRn2tDMheSMWIY+g76MrkTdufEFfBvT2oW2ntWX8/+B8/9uJIVG2/6yUnPzC4tL6eXMyura+kZ2c6uqw1hxqPBQhqruMg1SBFBBgRLqkQLmuxJqbr800mt3oLQIgxscRNDyWTcQnuAMzaqdPaDNK+PuMHp5e0ibCPfoekkpVArk2ELP44CPYNjO5uy8PR46C84EcmQy5Xb2s9kJeexDgFwyrRuOHWErYQoFlzDMNGMNEeN91oWGwYD5oFvJONOQ7nmhotgDOn7/9ibM13rgu8bjM+zpaW20/E9rxOidthIRRDFCwI3FaF4sKYZ0VA3tCAUc5cAA40qYKynvMcU4mgIzJr4zHXYWqkd5p5AvXB/nimeTItJkh+ySfeKQE1IkF6RMKoSTR/JM3si79WA9WS/W6481ZU3+bJM/Y318Awzxm4s=</latexit>

⇤K�Correlation Function
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⌅(1620) properties obtained from a

Flatté distribution in the analysis:

M = 1618.49± 0.28 (stat) ± 0.21 (syst) MeV

�⌅⇡ = 1.01± 0.14 (stat) ± 0.39 (syst) MeV

�⇤K� = 115.99± 8.56 (stat) ± 4.08 (syst) MeV
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Compatibility study between 𝑲$𝚲 CF and 𝑲$𝚲 IMD from 𝚵𝒃$ → 𝑱/𝝍𝑲$𝚲

c)   J/ψΛ FSI (HQSS and HG formalism) 

• S=-1 and hidden charm Vector-baryon (1/2+):
<latexit sha1_base64="78yAlzZY4q6lCAeI9w/C2C6OGJo="></latexit>

J/ ⇤(4212.6), D̄⇤
s⇤c(4398.7), D̄

⇤⌅c(4477.6), D̄
⇤⌅0

c(4587.0)

• Interaction consisting in a t-channel (mediated by a vector) reduced to a contact term (s-wave)

A.F., W.F. Wang, C. W. Xiao et al., Phys.Lett.B 839 (2023) 137760
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VLC Model Pcs(4413) Pcs(4570)
M [MeV] 4413.18 4569.93
� [MeV] 12.80 8.32

gi gi
J/ ⇤ 0.28� i0.05 0.51� i0.02
D̄⇤

s⇤c 0.76 + i0.29 0.04� i0.02
D̄⇤⌅c 2.99 + i0.15 �0.03 + i0.02
D̄⇤⌅0

c 0.02� i0.05 2.07� i0.13

used as input for the BS eq. to get a unitarized T-matrix from which we get:
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Vij = Cij
1

4f2
⇡

(p0 + p0 0),

Poles are degenerate in spin: 
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JP = 1/2�, 3/2�
à In this theoretical paper, the LHCb 𝑃EKL (4459) was 
associated to a state generated in the PB sector (𝐷′Ξ!? )  

à The original 𝑃!K(4413) was in Good agreement with the
observed 𝑃EK

L (4338), due to the change of regularization
method shifted 75 MeV upward

à In analogy with the 𝑃EL, a third pentaquark may still exist
𝑃!K(4570)??? 
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Motivation: 𝚵(1620) and 𝚵(1690) molecular nature

In the SU(3) basis, the interaction should be diagonal with eigenvalues 𝜆 à the attractive eigenvalues 
allow the dynamical generation of bound states and resonances
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8⌦ 8 = 1� 8s � 8a � 10� 1̄0� 27
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�↵� =
X

i,j

hi|↵iCijhj|�i ! �↵� = diag(�6,�3,�3, 0, 0, 2)

Taking the lowest order of the chiral lagrangian, exactly SU(3) invariant, one has 

In the SU(3), combining the ground-state baryon octet with the pseudoscalar one and decomposing 
into  irreps

• In S=-1 (I=0): 2 degenarate Λ∗’s generated  from the 8s and 8a and a more bound Λ∗ from the singlet 
(1) à (restablishing physical masses) à Λ 1405 (2 poles from the singlet and one octet) and 
Λ 1670 (from the other octet) D. Jido et al, NPA 725 (2003) 181-200

• In S=-2 (I=1/2): 2 degenerate Ξ∗’s from 8s and 8a à expected Ξ(1620) and Ξ(1690)

All Mj=M (baryons)
All mj=m (mesons)


