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Observation of two 𝐾!Λ structures in the Ξ!" → 𝐾"	𝐽/𝜓Λ	

R. Aaij, et al., LHCb, Sci. Bull. 66 (2021) 1278

<latexit sha1_base64="ZzFMunTPbFCXLbOjS/hDsOajHCQ="></latexit>

M = 1822.7± 1.5+1.0
�0.6 MeV

� = 36.0± 4.4+7.8
�8.2 MeV.

<latexit sha1_base64="lCa2BBe0/T9z8yzshBNRCsHv4dk="></latexit>

M = 1692.0± 1.3+1.2
�0.4 MeV,

� = 25.9± 9.5+14.0
�13.5 MeV.

Introduction: Experimental Background

PDG:                 ∗∗∗ status

𝐽! =
1
2

"

Experimental evidence for the spin-parity 
from Λ#$ → 𝐾$𝜋$Ξ" decay 
B. Aubert, et al., Phys. Rev. D 78 (2008) 034008
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<latexit sha1_base64="2s9MdCGDItayvbab+gAdxAUjtYE="></latexit>

M = 1610.4± 6.0+6.1
�4.2 MeV,

� = 59.9± 4.8+2.8
�7.1 MeV.

Introduction: Experimental Background

M. Sumihama, et al., Phys. Rev. Lett. 122 (7) (2019) 072501.

Observation of three peaks in the 𝜋"Ξ! invariant mass 
distribution for Ξ#$ → 𝜋$𝜋$Ξ"

PDG:                       ∗ status

𝐽! =??

Assumed to have spin-parity 
#
$

%
as the S=-2 

counterpart of the  Λ(1405)
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𝝅𝟎𝚵𝟎 𝝅"𝚵! '𝑲𝟎𝚲 𝑲!𝚺" 𝜼𝚵𝟎'𝑲𝟎𝚺𝟎
1450 MeV 1862 MeV

Study of the meson-baryon interaction in the S=-2, Q=0 sector.
6 channels involved in this sector:

Interaction: QCD is a gauge theory which describes the strong interaction governed by the effects of the 
color charge of its carriers: quarks and gluons. 
Perturbative QCD is inappropriate to treat low energy hadron interactions. 

Chiral Perturbation Theory (ChPT) is an effective theory with hadrons as degrees of freedom which 
respects the symmetries of QCD.
• limited to a moderate range of energies above threshold
• not applicable close to a resonance (singularity in the amplitude)

But it is not so straight forward … 

Introduction: Theoretical Framework and Historical Background
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Introduction: Theoretical Framework and Historical Background 

The meson-baryon interaction within the previous energy range is dominated by the presence of  the 𝚵 𝟏𝟔𝟐𝟎  
and 𝚵 𝟏𝟔𝟗𝟎  resonances.

à A nonperturbative resummation is needed!!!

In 2002, the problem was reformulated in terms of a Unitary extension of ChPT in coupled channels.
    The pioneering work  --  A. Ramos, E. Oset, C. Bennhold, Phys. Rev. Lett. 89 (2002) 252001.

• C. Garcia-Recio, M. F. M. Lutz, J. Nieves, Phys. Lett. B 582 (2004) 49–54.

• D. Gamermann, C. Garcia-Recio, J. Nieves, L. L. Salcedo, Phys. Rev. D 84 (2011) 056017.

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

• T. Nishibuchi, T. Hyodo, arXiv:2305.10753 [hep-ph].  

à  In all these Works only a WT-like contact term was employed… some describe just one of the states properly, others can 
describe both states simultaneously yet only qualitatively 

T. Nishibuchi talk,, Parallel sesión C Friday 23 June
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Motivation: Evolution of our chiral model 

In this sector, Born and NLO terms have been systematically ignored , assumed to play a very moderate role…
How solid this assumption is?

• Evidences of their non-negligible function in '𝐾𝑁 interaction:

J. A. Oller and U.-G. Meissner, Phys. Lett. B 500, 263 (2001)
Born contributions reach ∼20% of the dominant WT contribution just 65 MeV above '𝐾𝑁 threshold (S-wave)
➔ Just the energy range between the lowest and the highest threshold in S=-2 sector is about 410 
MeV wide

A. F., V. Magas and A. Ramos,  Phys. Rev. C 99, no.3, 035211 (2019), Nucl. Phys. A 954, 58 (2016)
At slightly higher energies, the NLO and the Born terms are essential to reproduce the experimental total 
cross section from '𝐾𝑁 → 𝜂𝛬, 𝜂𝛴, 𝐾𝛯 processes (𝜂 channel thresholds are around 200 MeV above '𝐾𝑁 
threshold)

The incorporation of the s- and u-channel diagrams as well as NLO may have additional implications…  

• the inclusion of new pieces in the interaction kernel can affect the interplay among the channels of the basis
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Motivation: Evolution of our chiral model 

Over the last years, Barcelona group has been working on the NLO contributions of the chiral Lagrangian

1. Paying attention on reactions particularly sensitive to NLO

2. Analysing the relative relevance between the Born terms and the NLO contributions in the previous type of 
reactions

3. Studying the  constraining effect of isospin filtering reactions especially sensitive to NLO

e.g. '𝐾𝑁 ⟶ 𝐾𝛯 (it does not proceed through WT at tree level)
A. F., V. Magas, A. Ramos, Phys. Rev. C 92, 015206 (2015)

Born and NLO terms play a similar role
A. Ramos, A. F., V. Magas, Nucl. Phys. A 954, 58 (2016)

More reliable values for the NLO LECs
A. F., V. Magas, A. Ramos, Phys. Rev. C 99 (2019) 035211
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Formalism: Effective Chiral Lagrangian

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>

• Leading order (LO)

Lagrangian:

à derive an interaction kernel Vij
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Formalism: Effective Chiral Lagrangian

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>

Lagrangian:

à derive an interaction kernel Vij

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>

Weinberg-Tomozawa term (WT)

1. Dominant contribution.
2. Interaction mediated by the constant 𝒇 of the leptonic decay
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Formalism: Effective Chiral Lagrangian

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>

• Leading order (LO)

Lagrangian:

à derive an interaction kernel Vij

1 2

1. Direct diagram (s-channel Born term)

2. Cross diagram (u-channel Born term)
V C
ij = V C

ij (D,F )
<latexit sha1_base64="z8tid280bIFl7LH6euRnPHaRCYE=">AAACI3icfVBNS0JBFJ1nX2ZfVss2QxIYhLwXQW0CyYiWBvkBajJvvOrkvA9m7gvk4c+pP5OrqKBF/6XR3qI0OovLufecgTnHDaXQaNsfVmphcWl5Jb2aWVvf2NzKbu9UdRApDhUeyEDVXaZBCh8qKFBCPVTAPFdCzR2UJnrtAZQWgX+LwxBaHuv5ois4Q3NqZ4vVu7ipuRIhJhOHEmhp1I7F/ej8XzV/eXR12M7m7II9BZ0nTkJyJEG5nR03OwGPPPCRS6Z1w7FDbMVMoeASRplmpCFkfMB60DDUZx7oVjxNOqIH3UBR7AOd7j+9MfO0Hnqu8XgM+3pWmxz/0hoRds9asfDDCMHnxmK0biQpBnRSGO0IBRzl0BBmOjC/pLzPFONoas2Y+M5s2HlSPS44dsG5OckVL5Ii0mSP7JM8ccgpKZJrUiYVwskTGZM38m49Ws/Wi/X6bU1ZyZtd8gvW5xeD2aXk</latexit><latexit sha1_base64="z8tid280bIFl7LH6euRnPHaRCYE=">AAACI3icfVBNS0JBFJ1nX2ZfVss2QxIYhLwXQW0CyYiWBvkBajJvvOrkvA9m7gvk4c+pP5OrqKBF/6XR3qI0OovLufecgTnHDaXQaNsfVmphcWl5Jb2aWVvf2NzKbu9UdRApDhUeyEDVXaZBCh8qKFBCPVTAPFdCzR2UJnrtAZQWgX+LwxBaHuv5ois4Q3NqZ4vVu7ipuRIhJhOHEmhp1I7F/ej8XzV/eXR12M7m7II9BZ0nTkJyJEG5nR03OwGPPPCRS6Z1w7FDbMVMoeASRplmpCFkfMB60DDUZx7oVjxNOqIH3UBR7AOd7j+9MfO0Hnqu8XgM+3pWmxz/0hoRds9asfDDCMHnxmK0biQpBnRSGO0IBRzl0BBmOjC/pLzPFONoas2Y+M5s2HlSPS44dsG5OckVL5Ii0mSP7JM8ccgpKZJrUiYVwskTGZM38m49Ws/Wi/X6bU1ZyZtd8gvW5xeD2aXk</latexit><latexit sha1_base64="z8tid280bIFl7LH6euRnPHaRCYE=">AAACI3icfVBNS0JBFJ1nX2ZfVss2QxIYhLwXQW0CyYiWBvkBajJvvOrkvA9m7gvk4c+pP5OrqKBF/6XR3qI0OovLufecgTnHDaXQaNsfVmphcWl5Jb2aWVvf2NzKbu9UdRApDhUeyEDVXaZBCh8qKFBCPVTAPFdCzR2UJnrtAZQWgX+LwxBaHuv5ois4Q3NqZ4vVu7ipuRIhJhOHEmhp1I7F/ej8XzV/eXR12M7m7II9BZ0nTkJyJEG5nR03OwGPPPCRS6Z1w7FDbMVMoeASRplmpCFkfMB60DDUZx7oVjxNOqIH3UBR7AOd7j+9MfO0Hnqu8XgM+3pWmxz/0hoRds9asfDDCMHnxmK0biQpBnRSGO0IBRzl0BBmOjC/pLzPFONoas2Y+M5s2HlSPS44dsG5OckVL5Ii0mSP7JM8ccgpKZJrUiYVwskTGZM38m49Ws/Wi/X6bU1ZyZtd8gvW5xeD2aXk</latexit><latexit sha1_base64="z8tid280bIFl7LH6euRnPHaRCYE=">AAACI3icfVBNS0JBFJ1nX2ZfVss2QxIYhLwXQW0CyYiWBvkBajJvvOrkvA9m7gvk4c+pP5OrqKBF/6XR3qI0OovLufecgTnHDaXQaNsfVmphcWl5Jb2aWVvf2NzKbu9UdRApDhUeyEDVXaZBCh8qKFBCPVTAPFdCzR2UJnrtAZQWgX+LwxBaHuv5ois4Q3NqZ4vVu7ipuRIhJhOHEmhp1I7F/ej8XzV/eXR12M7m7II9BZ0nTkJyJEG5nR03OwGPPPCRS6Z1w7FDbMVMoeASRplmpCFkfMB60DDUZx7oVjxNOqIH3UBR7AOd7j+9MfO0Hnqu8XgM+3pWmxz/0hoRds9asfDDCMHnxmK0biQpBnRSGO0IBRzl0BBmOjC/pLzPFONoas2Y+M5s2HlSPS44dsG5OckVL5Ii0mSP7JM8ccgpKZJrUiYVwskTGZM38m49Ws/Wi/X6bU1ZyZtd8gvW5xeD2aXk</latexit>

V D
ij = V D

ij (D,F )
<latexit sha1_base64="Igjn3htqGMa+w6xjh/e+ny+h0h0=">AAACI3icfVBNS0JBFJ1nX2ZfVss2QxIYhLwXQW0CKYmWBvkBajJvvOrkvA9m7gvk4c+pP5OrqKBF/6XR3qI0OovLufecgTnHDaXQaNsfVmphcWl5Jb2aWVvf2NzKbu9UdRApDhUeyEDVXaZBCh8qKFBCPVTAPFdCzR1cTvTaAygtAv8WhyG0PNbzRVdwhubUzhard3FTcyVCTCYOJdDSqB2L+9H5v2q+dHR12M7m7II9BZ0nTkJyJEG5nR03OwGPPPCRS6Z1w7FDbMVMoeASRplmpCFkfMB60DDUZx7oVjxNOqIH3UBR7AOd7j+9MfO0Hnqu8XgM+3pWmxz/0hoRds9asfDDCMHnxmK0biQpBnRSGO0IBRzl0BBmOjC/pLzPFONoas2Y+M5s2HlSPS44dsG5OckVL5Ii0mSP7JM8ccgpKZJrUiYVwskTGZM38m49Ws/Wi/X6bU1ZyZtd8gvW5xeHCaXm</latexit><latexit sha1_base64="Igjn3htqGMa+w6xjh/e+ny+h0h0=">AAACI3icfVBNS0JBFJ1nX2ZfVss2QxIYhLwXQW0CKYmWBvkBajJvvOrkvA9m7gvk4c+pP5OrqKBF/6XR3qI0OovLufecgTnHDaXQaNsfVmphcWl5Jb2aWVvf2NzKbu9UdRApDhUeyEDVXaZBCh8qKFBCPVTAPFdCzR1cTvTaAygtAv8WhyG0PNbzRVdwhubUzhard3FTcyVCTCYOJdDSqB2L+9H5v2q+dHR12M7m7II9BZ0nTkJyJEG5nR03OwGPPPCRS6Z1w7FDbMVMoeASRplmpCFkfMB60DDUZx7oVjxNOqIH3UBR7AOd7j+9MfO0Hnqu8XgM+3pWmxz/0hoRds9asfDDCMHnxmK0biQpBnRSGO0IBRzl0BBmOjC/pLzPFONoas2Y+M5s2HlSPS44dsG5OckVL5Ii0mSP7JM8ccgpKZJrUiYVwskTGZM38m49Ws/Wi/X6bU1ZyZtd8gvW5xeHCaXm</latexit><latexit sha1_base64="Igjn3htqGMa+w6xjh/e+ny+h0h0=">AAACI3icfVBNS0JBFJ1nX2ZfVss2QxIYhLwXQW0CKYmWBvkBajJvvOrkvA9m7gvk4c+pP5OrqKBF/6XR3qI0OovLufecgTnHDaXQaNsfVmphcWl5Jb2aWVvf2NzKbu9UdRApDhUeyEDVXaZBCh8qKFBCPVTAPFdCzR1cTvTaAygtAv8WhyG0PNbzRVdwhubUzhard3FTcyVCTCYOJdDSqB2L+9H5v2q+dHR12M7m7II9BZ0nTkJyJEG5nR03OwGPPPCRS6Z1w7FDbMVMoeASRplmpCFkfMB60DDUZx7oVjxNOqIH3UBR7AOd7j+9MfO0Hnqu8XgM+3pWmxz/0hoRds9asfDDCMHnxmK0biQpBnRSGO0IBRzl0BBmOjC/pLzPFONoas2Y+M5s2HlSPS44dsG5OckVL5Ii0mSP7JM8ccgpKZJrUiYVwskTGZM38m49Ws/Wi/X6bU1ZyZtd8gvW5xeHCaXm</latexit><latexit sha1_base64="Igjn3htqGMa+w6xjh/e+ny+h0h0=">AAACI3icfVBNS0JBFJ1nX2ZfVss2QxIYhLwXQW0CKYmWBvkBajJvvOrkvA9m7gvk4c+pP5OrqKBF/6XR3qI0OovLufecgTnHDaXQaNsfVmphcWl5Jb2aWVvf2NzKbu9UdRApDhUeyEDVXaZBCh8qKFBCPVTAPFdCzR1cTvTaAygtAv8WhyG0PNbzRVdwhubUzhard3FTcyVCTCYOJdDSqB2L+9H5v2q+dHR12M7m7II9BZ0nTkJyJEG5nR03OwGPPPCRS6Z1w7FDbMVMoeASRplmpCFkfMB60DDUZx7oVjxNOqIH3UBR7AOd7j+9MfO0Hnqu8XgM+3pWmxz/0hoRds9asfDDCMHnxmK0biQpBnRSGO0IBRzl0BBmOjC/pLzPFONoas2Y+M5s2HlSPS44dsG5OckVL5Ii0mSP7JM8ccgpKZJrUiYVwskTGZM38m49Ws/Wi/X6bU1ZyZtd8gvW5xeHCaXm</latexit>

Born terms
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Formalism: Effective Chiral Lagrangian

• Next to leading order (NLO), just considering the contact term

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

µ, B]}i
+d2hB̄[uµ, [u

µ, B]]i+ d3hB̄uµihuµBi+ d4hB̄Bihuµuµi

� g1
8M2

N

hB̄{uµ, [u⌫ , {Dµ, D⌫}B]}i � g2
8M2

N

hB̄[uµ, [u⌫ , {Dµ, D⌫}B]]i

� g3
8M2

N

hB̄uµih[u⌫ , {Dµ, D⌫}B]i � g4
8M2

N

hB̄{Dµ, D⌫}Bihuµu⌫i

�h1

4
hB̄[�µ, �⌫ ]Buµu⌫i �

h2

4
hB̄[�µ, �⌫ ]uµ[u⌫ , B]i � h3

4
hB̄[�µ, �⌫ ]uµ{u⌫ , B}i

�h4

4
hB̄[�µ, �⌫ ]uµihu⌫ , Bi+ h.c.

<latexit sha1_base64="aREMGlDMmWAGHBUXH//pEFHOfgw="></latexit>

• 𝒃𝟎, 𝒃𝑫 , 𝒃𝑭, 𝒅𝟏, 𝒅𝟐, 𝒅𝟑, 𝒅𝟒 , 𝑔*, 𝑔+, 𝑔, , ℎ*, ℎ+, ℎ-, ℎ, are not well established, so they should 
be treated as parameters of the model!

terms NOT taken
into account

• Contributions with 𝑔- get cancelled
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Motivation: Evolution of our chiral model 

Vij = V WT

ij + V D

ij + V C

ij + V NLO

ij =) T = (1� V G)�1V =) Tij
<latexit sha1_base64="bSkfiuiUhTxMs2QWMKJA5u2ON/8="></latexit><latexit sha1_base64="xzWmobhVTRd9IUnI+1YIAkBblS4="></latexit><latexit sha1_base64="xzWmobhVTRd9IUnI+1YIAkBblS4="></latexit><latexit sha1_base64="TPj/nruKGTf8/fSjEUmyv/OFq98="></latexit>

• Unitarized scattering amplitude from Chiral Lagrangian (WT+Born+NLO)

Gl =
2Ml
(4⇡)2

(
al(µ)+ln M2

l
µ2 +

m2
l �M2

l +s
2s ln m2

l

M2
l
+ qcmp

s
ln

h
(s+2

p
sqcm)2�(M2

l �m2
l )

2

(s�2
p
sqcm)2�(M2

l �m2
l )

2

i)

<latexit sha1_base64="X7RX1hLi9XB3/Ml8DKHlyIN5XIM=">AAAC+3icjZLLbtQwFIadcCvhNoUFCzYWU6RU0YySqBJsK </latexit><latexit sha1_base64="X7RX1hLi9XB3/Ml8DKHlyIN5XIM=">AAAC+3icjZLLbtQwFIadcCvhNoUFCzYWU6RU0YySqBJsK </latexit><latexit sha1_base64="X7RX1hLi9XB3/Ml8DKHlyIN5XIM=">AAAC+3icjZLLbtQwFIadcCvhNoUFCzYWU6RU0YySqBJsK </latexit><latexit sha1_base64="X7RX1hLi9XB3/Ml8DKHlyIN5XIM=">AAAC+3icjZLLbtQwFIadcCvhNoUFCzYWU6RU0YySqBJsK </latexit>

subtraction constants for the dimensional 
regularization scale 𝝁 = 𝟔𝟑𝟎𝑴𝒆𝑽 in all the 
“l” channels.  With isospin symmetry

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

aK̄0⇤ = aK̄⇤

aK̄0⌃0 = aK�⌃+ = aK̄⌃

a⌘⌅0 = a⌘⌅

Only S-wave contribution is taken into account
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Formalism: Fitting procedure

• Decay constant 𝑓

Model I:                                                         (fixed by BCN model)

Model II:                                                        (constrained by the error band of BCN model)

• 4 subtracting constants (isospín symmetry):
Constrained to be within

• 14 coefficients of the NLO lagrangian terms 𝑏), 𝑏* , 𝑏+, 𝑑,, 𝑑-, 𝑑., 𝑑/ (fixed by BCN model)
LECs are assumed to be SU(3) symmetric

• Axial vector couplings D, F   (fixed by BCN model)

<latexit sha1_base64="S8wAy6t8IQJB6JKapynX/HLC4K0=">AAACBXicdVDLSgMxAMzWV62vqkcvoUXwIMvu9n0oFL14rGAf0F1KNs22odkHSVYoS8/6M3oS9eYP+AP+jdm2gooOOUxmJpAZN2JUSMP40DJr6xubW9nt3M7u3v5B/vCoK8KYY9LBIQt530WCMBqQjqSSkX7ECfJdRnru9DL1e7eECxoGN3IWEcdH44B6FCOppGG+4DVtxKIJgt7Qjug5tJdnoTVN3WzUhvmioTfqVatiQUM3jJpVqqbEqpWtEjSVkqIIVmgP8+/2KMSxTwKJGRJiYBqRdBLEJcWMzHN2LEiE8BSNyUDRAPlEOMmiyxyeeiGHckLg4v49myBfiJnvqoyP5ET89lLxL28QS6/uJDSIYkkCrCLK82IGZQjTSeCIcoIlmymCMKfqlxBPEEdYquFyqv5XR/g/6Vq6WdUr1+Vi62I1RBacgAI4AyaogRa4Am3QARjcg0fwAl61O+1Be9Kel9GMtnpzDH5Ae/sE9aiWPA==</latexit>

f = ↵f⇡, ↵ = 1.197
<latexit sha1_base64="USO0lHb5rYFVQ0T4nmr8tm+Kb08="></latexit>

f = ↵f⇡, ↵ 2 [1.190, 1.210]

<latexit sha1_base64="hpnkH3ynF3o9pzl7uMZ7Pfl2r8g="></latexit>a⇡⌅, aK̄⇤, aK̄⌃, a⌘⌅
<latexit sha1_base64="DqcdazyjfNTtuB/tfIGUYwTWgPQ=">AAAB7XicdVDLSsNAFJ3UV42vqks3g0Vw0YYkfborunFZwT4gCWUynbRDJw9mJkIJ/QxdibrzZ/wB/8ZJraCiZ3XuOefCPddPGBXSNN+1wtr6xuZWcVvf2d3bPygdHvVFnHJMejhmMR/6SBBGI9KTVDIyTDhBoc/IwJ9d5f7gjnBB4+hWzhPihWgS0YBiJJXkOtV6xa3AquXp+qhUNo2LdtNu2NA0TLNl15o5sVt1uwYtpeQogxW6o9KbO45xGpJIYoaEcCwzkV6GuKSYkYXupoIkCM/QhDiKRigkwsuWNy/gWRBzKKcELufv2QyFQsxDX2VCJKfit5eLf3lOKoO2l9EoSSWJsIooL0gZlDHMq8Mx5QRLNlcEYU7VlRBPEUdYqgfl9b86wv9J3zasptG4qZc7l6tHFMEJOAXnwAIt0AHXoAt6AIMEPIBn8KLF2r32qD19RgvaaucY/ID2+gG71Y00</latexit>

[�4, �1]
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Fitting parameters and pole content

<latexit sha1_base64="EpoLg8/77nxDifNy+R0fn8uFlOE="></latexit>

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

�3.0 MeV.

<latexit sha1_base64="rVhNS4fZvDiBE+rRQq2ksX2iCSA="></latexit>

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

�13.5 MeV.

R. Aaij, et al., Sci. Bull. 66 (2021) 1278–1287 

M. Sumihama, et al., Phys. Rev. Lett. 122 (7) (2019) 072501

A. F., V. Valcarce, and V. K. Magas, Phys.Lett.B 841 (2023) 137927
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j = πΞ (I=1/2)      
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j=π0Ξ0
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Model I
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K0Λ K-Σ+ K0Σ0

Model II

Results: 𝜋𝛯 invariant mass

A. F., V. Valcarce, and V. K. Magas, Phys.Lett.B 841 (2023) 137927
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R. L. Workman, et al., Review of Particle
Physics, PTEP 2022 (2022) 083C01. 

Results: 𝛯(1690) branching ratios
<latexit sha1_base64="UhHWi1ZQ+Ab7BA7fSetv0yt6qkE="></latexit>

�⇡⌅
⌅(1690)

�K̄⌃
⌅(1690)

=
�⇡+⌅�

⌅(1690) + �⇡0⌅0

⌅(1690)

�K�⌃+

⌅(1690) + �K̄0⌃0

⌅(1690)

= 0.25

<latexit sha1_base64="dAAJ3U8y8ggjgxFyCkZ9KbeIfug="></latexit>

�K̄⌃
⌅(1690)

�K̄⇤
⌅(1690)

=
�K�⌃+

⌅(1690) + �K̄0⌃0

⌅(1690)

�K̄⇤
⌅(1690)

= 3.22

<latexit sha1_base64="3RkaGgWR5vcB2ZUfO/2/cljUNHI="></latexit>

�i
R ⇠ pi |gR,i|2 Mi/MR

A. F., V. Valcarce, and V. K. Magas, Phys.Lett.B 841 (2023) 137927
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Extension to the S=-2, Q=-1 sector

• The interaction kernel for the S=-2, Q=-1 sector can be built from the S=-2, Q=0 employing 
isospin symmetry arguments:

• Once again, the Bethe-Salpetter equation is solved in the same footing to get the T-matrix:

<latexit sha1_base64="HpNUFhuehFSrbhCdYYqJ/RcgLVA=">AAACLXicbVBLTwIxGOziC/GFevTSSEwgAdzF54WE6EW9CFEeCbsh3VKg0n2k7ZqQDb9Jf4hXTUyMevNvWHATEZzTdGa+pDO2z6iQuv6qxebmFxaX4suJldW19Y3k5lZNeAHHpIo95vGGjQRh1CVVSSUjDZ8T5NiM1O3++civ3xMuqOfeyoFPLAd1XdqhGEkltZJXtVZI74bpm2KukK0UrzPQlB6MxMuisV/IZKGZ/VUOlDKZiQ5zRqaVTOl5fQw4S4yIpECEciv5ZLY9HDjElZghIZqG7ksrRFxSzMgwYQaC+Aj3UZc0FXWRQ4QVjjsP4V7H41D2CBy/J7MhcoQYOLbKOEj2xLQ3Ev/zmoHsnFohdf1AEheriPI6AYOq7Gg62KacYMkGiiDMqfolxD3EEZZq4ISqb0yXnSW1Qt44zh9VDlOls2iIONgBuyANDHACSuAClEEVYPAIXsAH+NQetGftTXv/ica06GYb/IH29Q1b3KKV</latexit>

Vij(S = �2, Q = O) ! Vij(I = 1/2), Vij(I = 3/2) ! Vij(S = �2, Q = �1)

Vij = V WT

ij + V D

ij + V C

ij + V NLO

ij =) T = (1� V G)�1V =) Tij
<latexit sha1_base64="bSkfiuiUhTxMs2QWMKJA5u2ON/8="></latexit><latexit sha1_base64="xzWmobhVTRd9IUnI+1YIAkBblS4="></latexit><latexit sha1_base64="xzWmobhVTRd9IUnI+1YIAkBblS4="></latexit><latexit sha1_base64="TPj/nruKGTf8/fSjEUmyv/OFq98="></latexit>

<latexit sha1_base64="eaGAHhkbJIOe8m08/0xEl00+Dss="></latexit>

 ↵�(r) = �↵�jl(k↵r) +
1

⇡

Z
jl(qr)dqq

2 1

E � E�
1 (q)� E�

2 (q) + i✏
T↵�;l(q, k↵;E)

<latexit sha1_base64="nHSt3D0x8bHeDiJp76VeMJ56Jjk="></latexit>

C(k) ' 1 +

Z 1

0
4⇡r2drS12(r)

⇥X

�

!� | ↵�(r)|2 � |j0(kr)|2
⇤

ALICE Collaboration, 
e-Print: 2305.19093 [nucl-ex]

𝚲𝐊" CF data available unprecedented opportunity to fit a model for the first time in this sector 

Valentina’s talk a few minutes ago!!!
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𝚲𝑲" Correlation function: fit and values of the parameters



19

MESON 2023 
June 22 - 27,  2023, Kraków, Poland.

𝚲𝑲" Correlation function: fit and values of the parameters

<latexit sha1_base64="6+GJJJfpyPuRdFBSIW/7Q9BuX1k=">AAAB6nicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJeNsIRTcuK9iLtKFMpift0JkkzEyEEvoSuhJ15+P4Ar6N05qFtv6rb87/D5z/BIng2rjul1NYWl5ZXSuulzY2t7Z3yrt7TR2nimGDxSJW7YBqFDzChuFGYDtRSGUgsBWMbqZ+6xGV5nF0b8YJ+pIOIh5yRo0dPYRXYS/rJnzSK1fcqjsTWQQvhwrkqvfKn91+zFKJkWGCat3x3MT4GVWGM4GTUjfVmFA2ogPsWIyoRO1ns4Un5CiMFTFDJLP372xGpdZjGdiMpGao573p8D+vk5rw0s94lKQGI2Yj1gtTQUxMpr1JnytkRowtUKa43ZKwIVWUGXudkq3vzZddhOZJ1Tuvnt2dVmrX+SGKcACHcAweXEANbqEODWAg4Rne4N0RzpPz4rz+RAtO/mcf/sj5+Aa4pI4I</latexit>

f = f⇡
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𝚲𝑲" Correlation function: pole content

<latexit sha1_base64="EpoLg8/77nxDifNy+R0fn8uFlOE="></latexit>

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

�3.0 MeV.
<latexit sha1_base64="rVhNS4fZvDiBE+rRQq2ksX2iCSA="></latexit>

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

�13.5 MeV.

Change of paradigm!!!
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CONCLUSIONS

We have studied the meson-baryon interaction in the S=-2 sector with in the UChPT scheme taking into 
account higher order contributions for the first time.

• The Born terms and the NLO contributions have shown to play a key role in order to reasonably 
reproduce the 𝛯 1620  and 𝛯 1690  states

• The interpretation of such states as meson-baryon molecules provides a plausible explanation of the 
branching ratios

We have performed, for the first time, a fit to CF data and proved that Femtoscopy measurements 
are a very powerful tool to constrain the theoretical models and to unravel the new physics masked 
in the new parametrizations, specially in those cases where we cannot have access to scattering 
data. 

• In particular, the experimental 𝚲𝐊! Correlation Function was crucial in order to change the 
paradigm in the molecular interpretation of the 𝜩 𝟏𝟔𝟐𝟎  state.
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Thank you for your attention!


