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Study of the meson-baryon interaction in the S=-1 sector at moderately high energies.
10 channels involved in this sector: 𝑲!𝒑, *𝑲𝟎𝒏, 𝝅𝟎𝚲, 𝝅𝟎𝚺𝟎, 𝝅#𝚺!, 𝝅!𝚺#, 𝜼𝚲, 𝜼𝚺𝟎, 𝑲#𝚵!, 𝑲𝟎𝚵𝟎

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 …

14th International Conference on Hypernuclear and Strange Physics – HYP2022
June 27 – July 1, 2022, Prague



Introduction: Theoretical Framework and Historical Background

3

*𝑲𝑵 interaction is dominated by the presence of  the 𝜦 𝟏𝟒𝟎𝟓 resonance, located only 27 MeV below
the !𝑲𝑵 threshold.

à A nonperturbative resummation is needed!!!

In 1995, the problem was reformulated in terms of a Unitary extension of ChPT in coupled channels.
The pioneering work  -- Kaiser, Siegel, Weise, Nuc. Phys. A 594 (1995) 325.

E. Oset, A. Ramos, Nucl. Phys. A 636, 99 (1998).
J. A. Oller, U. -G. Meissner, Phys. Lett. B 500, 263 (2001).
M. F. M. Lutz, E. Kolomeitsev, Nucl. Phys. A 700, 193 (2002).
B. Borasoy, E. Marco, S. Wetzel, Phys. Rev. C 66, 055208 (2002).
C. Garcia-Recio, J. Nieves, E. Ruiz Arriola and M. J. Vicente Vacas, Phys. Rev. D 67, 076009 (2003).
D. Jido, J. A. Oller, E. Oset, A. Ramos and U. G. Meissner, Nucl. Phys. A 725, 181 (2003).
B. Borasoy, R. Nissler, W. Wiese, Eur. Phys. J. A 25, 79 (2005).
V.K. Magas, E. Oset, A. Ramos, Phys. Rev. Lett. 95, 052301 (2005).
B. Borasoy, U. -G. Meissner and R. Nissler, Phys. Rev. C 74, 055201 (2006).

All of them obtaining in general similar features:
• *𝑲𝑵 scattering data reproduced very satisfactorily
• Two-pole structure of 𝜦 𝟏𝟒𝟎𝟓
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M. Bazzi et al.,
Phys. Lett. B 704, 113 (2011).

Energy shift and width of the 1s state in kaonic hydrogen by 
SIDDHARTA@DAΦNE, 20% precision in the  𝐾!𝑝 scattering length!!! K. Moriya et al., Phys. Rev. C87, 035206(2013).

Photoproduction 𝛾𝑝 ⟶ 𝐾"𝜋𝛴 data by the CLAS@Jlab
provided detailed line shape results of the Λ(1405)

Y. Ikeda, T. Hyodo, W. Wiese, Nucl. Phys. A 881, 98 (2012).
A. Cieply and J. Smejkal, Nucl. Phys. A 881, 115 (2012).
Zhi-Hui Guo, J. A. Oller, Phys. Rev. C 87, 035202 (2013).
T. Mizutani, C. Fayard, B. Saghai and K. Tsushima, Phys. Rev. C 87, 035201 (2013).
L. Roca and E. Oset: Phys. Rev. C 87, 055201 (2013), Phys. Rev. C 88, 055206 (2013).
M. Mai and U. G. Meissner, Eur. Phys. J. A 51, 30 (2015).
A. F., V. Magas, A. Ramos, Phys. Rev. C 92, 015206 (2015); Nucl. Phys. A 954, 58 (2016); Phys. Rev. C 99 (2019) 035211.
P.C. Bruns, A. Cieply, Nucl. Phys. A 1019 (2022), 122378.

This topic has experienced a renewed interest after recent experimental advances:
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𝐾!𝑝 ⟶ 𝑀𝐵 𝑆 = −1 total cross sections from different groups:

ZHI-HUI GUO AND J. A. OLLER PHYSICAL REVIEW C 87, 035202 (2013)
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FIG. 1. (Color online) The ten panels from (a) to (j) correspond to the cross sections of K−p → K−p, K−p → K̄0n,K−p → π+"−,
K−p → π−"+, K−p → π 0"0, K−p → π 0#, the π−"+ event distribution from K−p → "+(1660)π−, the K−p → η# cross section, the
π 0"0 event distribution from the reaction K−p → π 0π 0"0 with pK = 0.687 GeV, and the total cross section of K−p → π 0π 0"0, respectively.
The data points represented by black diamonds, magenta squares, orange circles, blue crosses, cyan down-triangles, and blue up-triangles in the
first four panels are taken from Refs. [48,56–60], respectively. The data in the panels (e) and (f) are from Ref. [61]. The π−"+ event distribution is
from Ref. [25] and the K−p → η# cross-section data are from Ref. [26]. The measurements on the reaction K−p → π 0π 0"0 are from Ref. [27].
The red solid lines and blue dashed lines represent the best fits from Fit I using Eqs. (11) and (12) (which is indicated by Fit I S), respectively.
The areas covered by green hatched lines and the gray shaded areas correspond to our estimates of error bands for Fit I and Fit I S, in order.

L2 in Eq. (1) read

σπN = −2M2
π (2b0 + bD + bF ) ,

a+
0+ = − M2

π

2πf 2

[
(2b0 + bD + bF ) − (b1 + b2 + b3 + 2b4)

+ (D + F )2

8mp

]
,

mN = m0 − 2(b0 + 2bF )M2
π − 4(b0 + bD − bF )M2

K ,

m# = m0 − 2
3

(3b0 − 2bD)M2
π − 4

3
(3b0 + 4bD)M2

K ,

m" = m0 − 2(b0 + 2bD)M2
π − 4b0M

2
K ,

m& = m0 − 2(b0 − 2bF )M2
π − 4(b0 + bD + bF )M2

K ,

(8)

035202-4

Zhi-Hui Guo, J. A. Oller, Phys. Rev. C 87, 035202 (2013).

108 Y. Ikeda et al. / Nuclear Physics A 881 (2012) 98–114

Fig. 3. Calculated K−p elastic, charge exchange and strangeness exchange cross sections as functions of K− laboratory
momentum, compared with experimental data [19]. The solid curves represent best fits of the full NLO calculations to
the complete data base including threshold observables. The shaded uncertainty bands are explained in the text.

3.3.2. The two-poles scenario
Next we look for poles in the second Riemann sheet of the complex energy plane to study

the coupled-channels structure of the Λ(1405) resonance. With the best-fit result in the NLO
scheme, pole singularities between the K̄N and πΣ thresholds are found at

Y. Ikeda, T. Hyodo, W. Wiese, Nucl. Phys. A 881, 98 (2012).

M. Mai and U. G. Meissner,
Eur. Phys. J. A 51, 30 (2015).

N.V. Shevchenko and Révai,
Phys. Rev. C 90, 034003 (2014).P.C. Bruns, A. Cieply, Nucl. Phys. A 1019, (2022) 122378.
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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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Prediction for Isospin filtering processes at higher energy:

𝐾$%𝑝 ⟶ 𝐾#𝛯% reaction (pure  𝐼 = 1 process) J-Lab proposal for the secondary 𝐾# beam
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• Strangeness S=0 sector 
J. Caro Ramon, N. Kaiser, S. Wetzel and W. Weise, Nucl. Phys. A 672, 249 (2000)

LO+NLO terms of the Lagrangian, showing that some processes at higher momenta were governed by  p-wave 
contribution (e.g. 𝜋!𝑝 → 𝐾!Σ!).

• Strangeness S=+1 sector
K. Aoki, D. Jido, PTEP 2019, no.1, 013D01 (2019) 

Study revisiting the K𝑁 scattering by means of Chiral Unitarized approach with an expansion up to NLO terms of 
the Lagrangian.

• Strangeness S=-1 sector
D. Jido, E. Oset, A. Ramos, Phys. Rev. C 66, 055203 (2002)

LO Lagr., not  much effect of p-wave at low the energy data considered. 
(Very useful for theoretical developments!) 

D. Sadasivan, M.Mai, M.Döring, Phys. Lett. B 789, 329 (2019)
LO+NLO Lagrangian. A dynamical p-wave pole found! (JP =1/2+) mimicking the lack of Σ(1385) in JP=3/2+. 
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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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• Leading order (LO)

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

14th International Conference on Hypernuclear and Strange Physics – HYP2022
June 27 – July 1, 2022, Prague
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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

14th International Conference on Hypernuclear and Strange Physics – HYP2022
June 27 – July 1, 2022, Prague



Formalism: Effective Chiral Lagrangian

12

• 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>

• 𝑏%, 𝑏& , 𝑏' , 𝑑(, 𝑑), 𝑑*, 𝑑+ , 𝑔(, 𝑔), 𝑔+ , ℎ(, ℎ), ℎ*, ℎ+ are not well established, so they should 
be treated as parameters of the model!

New terms taken
into account

• Contributions with 𝑔* get cancelled

14th International Conference on Hypernuclear and Strange Physics – HYP2022
June 27 – July 1, 2022, Prague
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V WT
ij = �NiNj

4f2 Cij

n
(2
p
s�Mi �Mj)�

†s0
f �s

0 +
2
p
s+Mi+Mj

(Ei+Mi)(Ej+Mj)
�†s0
f [~qj · ~qi + i(~qj ⇥ ~qi) · ~�]�s

0

o

<latexit sha1_base64="dcwKi2z4mhDJ8qyMDGfvcSpaUB4="></latexit>

V NLO

ij
=

NiNj

f2


Dij � 2Lijqj

µqiµ +
1

2M2
N

gij(pi
µqjµpi

⌫qi⌫ + pj
µqjµpj

⌫qi⌫)

�✓
�†s0
j

�s

i

��†s0
j

~qj · ~qi + i(~qj ⇥ ~qi) · ~�
(Ei +Mi)(Ej +Mj)

�s

i

◆
+

NiNj

f2
hij


�
✓

qj0qi
2

Ei +Mi

+
qi0qj

2

Ej +Mj

+
qj2qi2

(Ei +Mi)(Ej +Mj)
+

(~qj · ~qi)2

(Ei +Mi)(Ej +Mj)

◆
�†s0
j

�s

i

+

✓
qi0

Ei +Mi

+
qj0

Ej +Mj

◆
�†s0
j

~qj · ~qi�s

i
+

✓
qi0

Ei +Mi

+
qj0

Ej +Mj

+

~qj · ~qi
(Ei +Mi)(Ej +Mj)

� 1

◆
i�†s0

j
(~qj ⇥ ~qi) · ~��s

i

�

<latexit sha1_base64="COYOAptCw54McSN3fXpUzcJoAAo="></latexit>

Contributes to S- and P-waves

Contributes to S-, 
P- and D-waves

14th International Conference on Hypernuclear and Strange Physics – HYP2022
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V D
ij =

NiNj

12f2

X

k

C(Born)
īi,k

C(Born)
j̄j,k

s�M2
k

n
(
p
s�Mk)(s+MiMj �

p
s(Mi +Mj))�

†s0
j �s

i

+
(s+

p
s(Mi +Mj) +MiMj)(

p
s+Mk)

(Ei +Mi)(Ej +Mj)
�†s0
j [~qj · ~qi + i(~qj ⇥ ~qi) · ~�]�s

i

�

<latexit sha1_base64="gycOIEFBA5IunGfpVcE+vz+Jc2s="></latexit>

V C
ij = �NiNj

12f2

X

k

C(Born)
j̄k,i

C(Born)
īk,j

u�M2
k

⇢⇥
u(
p
s+Mk) +

p
s(Mj(Mi +Mk) +MiMk)

�Mj(Mi +Mk)(Mi +Mj)�M2
i Mk

⇤
�†s0
j �s

i +
⇥
u(
p
s�Mk) +

p
s(Mj(Mi +Mk) +MiMk)

+Mj(Mi +Mk)(Mi +Mj) +M2
i Mk

⇤
�†s0
j

~qj · ~qi + i(~qj ⇥ ~qi) · ~�
(Ei +Mi)(Ej +Mj)

�s
i

�

<latexit sha1_base64="oFGHSlpaLOZO7AM4WaIXrYux63o="></latexit>

Contributes to S- and P-waves

Contributes to S-, P-, D- , F-, …

14th International Conference on Hypernuclear and Strange Physics – HYP2022
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• The T-matrix in the CM system can be split into spin-nonflip and spin-flip parts:  

Tij = �†s0
j [f(

p
s, ✓)� i(~� · n̂)g(

p
s, ✓)]�s

i
<latexit sha1_base64="NDQ16IgxWODrLXGc2KVYOPvUfc0="></latexit>

n̂ =
~qj ⇥ ~qi
|~qj ⇥ ~qi|

<latexit sha1_base64="3W4oQKHMJICrgYPn+E83Vl/p+Co="></latexit>

Where:

f(
p
s, ✓) =

1X

l=0

fl(
p
s)Pl(cos✓)

g(
p
s, ✓) =

1X

l=1

gl(
p
s) sin✓

dPl(cos✓)

d(cos✓)
<latexit sha1_base64="DqS0hFKRoV8sut6mn/XwIBrI6/0="></latexit>

Expansion in Legendre polynomials
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Amplitudes should be separated in the Bethe-Salpeter equation and redefined  with a definite total 
angular momentum:

f tree
l+ (

p
s) =

1

2l + 1

�
fl(

p
s) + l gl(

p
s)
�
, j = l + 1

2

f tree
l� (

p
s) =

1

2l + 1

�
fl(

p
s)� (l + 1) gl(

p
s)
�
, j = l � 1

2
<latexit sha1_base64="WYwq/MH2xptDzWOWaUX66CJfUng="></latexit>



Formalism: UChPT nonperturbative scheme

16

Finally, unitarized amplitudes can be obtained via the Bethe-Salpeter equa-on

where G is the meson-baryon loop function (dimensional regularitza-on)

fl± =
⇥
1� f tree

l± G
⇤�1

f tree
l±

<latexit sha1_base64="halvmyUMaaBk/Wr0mxz33MEqmSg="></latexit>

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="></latexit><latexit sha1_base64="X7RX1hLi9XB3/Ml8DKHlyIN5XIM="></latexit><latexit sha1_base64="X7RX1hLi9XB3/Ml8DKHlyIN5XIM="></latexit><latexit sha1_base64="X7RX1hLi9XB3/Ml8DKHlyIN5XIM="></latexit> subtraction constants for the dimensional regularization 
scale 𝜇 = 1𝐺𝑒𝑉 in all k channels.  
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Total cross section:

�ij =
Mi Mj qj
4⇡ s qi

⇥
|f0|2 + 2|f1+|2 + |f1�|2 + 3|f2+|2 + 2|f2�|2

⇤

<latexit sha1_base64="P6iuIwyU14TEUpZLQNcxsW9VLfs="></latexit>

JP =3/2+ JP =1/2+ JP =1/2- JP =3/2-JP =5/2-

S-wave P-wave D-wave
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Fitting parameters:

• Decay constant 𝑓 partially constrained: 1.1𝟐𝒇𝝅
𝒆𝒙𝒑 ≤ 𝒇 ≤ 1.26 𝒇𝝅

𝒆𝒙𝒑, 𝒇𝝅
𝒆𝒙𝒑=93 MeV

• 6 subtracting constants (isospín symmetry):

• 14 coefficients of the NLO lagrangian terms 𝑏(, 𝑏) , 𝑏* , 𝑑+, 𝑑,, 𝑑-, 𝑑. , 𝑔+, 𝑔,, 𝑔. , ℎ+, ℎ,, ℎ-, ℎ.

• Axial vector couplings D, F  we impose: gA = D + F = 1.26
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The role of high spin hyperon resonances in the ⌅ production
meson-baryon reactions

A. Feijoo1, V.K. Magas1 and A. Ramos1

1Departament d’Estructura i Constituents de la Matèria and Institut de Ciències del Cosmos,
Universitat de Barcelona, Mart́ı Franquès 1, E08028 Barcelona, Spain
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�⇤⇤(2000) = 200 MeV
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Branching ratios:
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• s-wave (old): fit of the s-wave projection from the WT+Born+NLO (without 𝑔/ , ℎ/ terms) kernels
A. F., V. Magas, A. Ramos, Phys. Rev. C 99 (2019) 035211

• s-wave: fit of the s-wave projection from the WT+Born+NLO kernels
• s+p-wave: the s- and the p-wave projections from the WT+Born+NLO kernels are taken into account in the fit.

3 models were constructed to tackle the role of P-wave contribution of the scattering amplitude:



Results: cross sections of the classical processes
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Results: cross sections of higher mass channels
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Results: Breakdown into JP contributions of the cross sections
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Results: D-wave contributions keeping s+p-wave parametrization
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CONCLUSIONS

• We have shown that a notable fraction of the 𝑲+𝒑⟶ 𝑲,𝜩+, 𝑲𝟎𝜩𝟎, 𝜼𝜦,𝜼𝜮𝟎 cross
sections comes from p-wave contribution of the chiral Lagrangian. Their
incorporation into these production processes is completely needed.

• 𝒈𝒊, 𝒉𝒊 terms are also essential given the strong dependence of the p-wave (d-wave)
contribution on them.

• Not the end of the story, d-wave contributions have proved to be a non-negligible
ingredient in these higher energy processes. The inclusion of all the previous elements
requires to consider many more data points (higher energies, differential cross
sections, etc…)

WORK IN PROGRESS…
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Motivation: Evolution of our chiral model 
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ij + V C

ij + V NLO
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2 fits were performed:

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

Only S-wave contribution is taken into account
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2 new fits were performed:

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

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

a) Inclusion of high spin and high mass resonances allows
us to study the stability of the NLO parameters.

b) It also simulates the contributions of higher angular
momenta of the other channels via rescattering in the
energy regime above 𝐾𝛯 threshold.

K 𝑘′! ,  η 𝑘′!𝐾" 𝑘!

p 𝑝! Ξ 𝑝#! , Λ 𝑝#!

𝑴𝒀, 𝜞𝒀
𝒈𝚵𝒀𝑲, 𝒈𝚲𝒀𝜼𝒈𝑵𝒀6𝑲

Y= 𝚲 𝟏𝟖𝟗𝟎 , 𝜮 𝟐𝟎𝟑𝟎 , 𝜮 𝟐𝟐𝟓𝟎
Sharov, Korotkikh, Lanskoy, EPJA 47 (2011) 109
Jackson, Oh, Haberzettl and Nakayama,Phys. Rev. C 91, 065208 (2015)
Feijoo, Magas, Ramos, Phys. Rev. C 92, 015206 (2015) 

T tot
ij = TBS

ij +
1p

4MpM⌅

X

JP

T JP

ij , JP = 3/2+, 5/2�, 7/2+
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Only for 𝑲!𝒑 ⟶ 𝑲𝜩 reactions: 

Only for 𝑲!𝒑 ⟶ 𝜼𝚲 reaction: 
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FIG. 5. Total cross sections of the K�p ! K�p, K̄0n,⇡�⌃+,⇡+⌃�,⇡0⌃0,⇡0⇤, ⌘⇤, ⌘⌃0,K+⌅�,K0⌅0 reactions obtained
for the WT+Born+NLO fit (solid line), with the corresponding estimation of the error bands (grey area), and for the
WT+Born+NLO+RES fit (dashed line). Experimental data has been taken from [33–36, 60–70]. See text for a detailed
description of the models. The inset in the fourth panel of the left column shows the K�p ! ⌘⇤ cross-section in a reduced
energy range close to threshold.

Fig. 5, while the grey area depicts the corresponding es- timation of the error bands. Because of the novelty, we

Total cross sections

WT+Born+NLO+RES improves the description
of the experimental data

• Inclusion of higher partial waves could
play similar role

• What about dynamically generating
resonances with such contributions?

• A more accurate extension of the 3𝑲𝑵
interaction to higher momenta could be
useful for 3𝑲 bound mesons in nuclei
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Results: values of the parameters involved in the different fits
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Results: threshold observables and pole content
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Formalism: Fitting procedure

30

Observable Points Observable Points

�K�p!K�p 245 �K�p!K̄0n 317

�K�p!⇡0⇤ 225 �K�p!⇡0⌃0 125

�K�p!⇡�⌃+ 198 �K�p!⇡+⌃� 213

�K�p!⌘⌃0 9 �K�p!⌘⇤ 106

�K�p!K+⌅� 54 �K�p!K0⌅0 30

� 1 �E1s 1

Rn 1 �1s 1

Rc 1
<latexit sha1_base64="whppzy3YjBg242AZiT/fXqKPAcQ="></latexit>

All available points for this energy range (1527 experimental points):
• A. Baldini et al., Numerical Data and Func- tional Relationships in Science

and Technology, Group I, Vol. 12, edited by H. Schopper (Springer, Berlin, 
1988). 

• Adams, Nuc. Phys. B96, 54-56, (1975).
• A. Starostin et al. (Crystal Ball Collaboration), Phys. Rev. C 64, 055205 

(2001). 
• R. J. Nowak et al., Nucl. Phys. B 139, 61 (1978).
• D. N. Tovee et al., Nucl. Phys. B 33, 493 (1971).
• M. Bazzi et al., Phys. Lett. B 704, 113 (2011). 

�ij =
Mi Mj qj
4⇡ s qi

⇥
|f0|2 + 2|f1+|2 + |f1�|2 + 3|f2+|2 + 2|f2�|2

⇤
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The role of high spin hyperon resonances in the ⌅ production
meson-baryon reactions

A. Feijoo1, V.K. Magas1 and A. Ramos1

1Departament d’Estructura i Constituents de la Matèria and Institut de Ciències del Cosmos,
Universitat de Barcelona, Mart́ı Franquès 1, E08028 Barcelona, Spain

M⇤⇤(2000) = 2000 MeV
�⇤⇤(2000) = 200 MeV

M(M⌘⇤,MJ/ ⇤) = Vp

h
h⌘⇤ +

X

i

hiGi(M⌘⇤)ti,⌘⇤(M⌘⇤) + h⌘⇤GJ/ ⇤(MJ/ ⇤) tJ/ ⇤,J/ ⇤(MJ/ ⇤)

+ � GD̄⇤⌅0
c
(MD̄⇤⌅0

c
) tD̄⇤⌅0

c,J/ ⇤
(MJ/ ⇤) + ↵

M⇤⇤(2000)

M⌘⇤ �M⇤⇤(2000) + i
�⇤⇤(2000)

2

i

(1)

T 7/2+

ij (s0, s) = F7/2(k, k
0) ūs

0
j (p

0)k0�1k
0
�2k

0
�3S7/2(q)k

↵1k↵2k↵3usi (p) , (2)

� =
�(K�p ! ⇡+⌃�)

�(K�p ! ⇡�⌃+)
= 2.36± 0.04

Rn =
�(K�p ! ⇡0⇤)

�(K�p ! neutral states)
= 0.664± 0.011

Rc =
�(K�p ! ⇡+⌃�,⇡�⌃+)

�(K�p ! inelastic channels)
= 0.189± 0.015

(3)
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Total cross section:

Branching ratios:
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Pole content (WT+Born+NLO)
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FIG. 6. Pole positions of the ⇤(1405) for the approaches included in Table. III, where we have also included the results from
[27]. The colored areas indicate the possible pole positions by varying the fitting parameters within their corresponding error
bars in our WT+NLO+Born model.

0� � 1
2

+
interaction in (I, S) = (0,�1) sector

Pole |g⇡⌃| |gK̄N | |g⌘⇤| |gK⌅|
⇤(1405)

1419+16
�22 � i 71+24

�31 3.40 2.98 1.10 0.65
1420+15

�21 � i 27+18
�11 2.31 3.51 1.26 0.36

⇤(1670)
1675+10

�11 � i 31+4
�7 0.47 0.59 1.74 3.71

0� � 1
2

+
interaction in (I, S) = (1,�1) sector

Pole |g⇡⇤| |g⇡⌃| |gK̄N | |g⌘⌃| |gK⌅|
⌃⇤

1701+16
�1 � i 170+2

�7 1.96 0.47 1.21 0.36 0.98

TABLE IV. Pole positions of the pure chiral model
WT+Born+NLO , expressed in MeV, and the correspond-
ing modulus of the couplings |gi| found in isospin 0 and 1
basis.

We next analyze the pole content of the scattering am-
plitude derived from the WT+Born+NLO fit. The
resonances found and their couplings to the di↵erent
channels in the various sector are summarized in Ta-
ble IV. In I = 0, our model generates the double-
pole structure of the ⇤(1405) and a pole representing the
⇤(1670). As can be appreciated in Table IV, the broader
pole of ⇤(1405), which couples mostly to ⇡⌃, is located
at 1419 MeV. The other pole with smaller imaginary part
is located very close to the former one, 1420 MeV, but

more strongly coupled to K̄N . The characteristics of this
narrower pole coincide with the results of other recent
studies [23, 25–27, 29, 76, 77], which mostly fall within
the range (1415 � 1435, 10 � 25) MeV, as is reflected in
Fig. 6 which contains the pole positions obtained by the
previous authors in the complex plane. One also can
see the huge di↵erences in the position of the wider pole
among the di↵erent groups. For a more detailed compar-
ison between the pole content in some of the cited studies
based on UChPT, we recommend the exhaustive analy-
sis of [78]. In Fig. 6, we also include the dispersion of
the pole positions for the configurations selected by the
condition of Eq. (31) when we let the parameters vary
within their error bands, as explained in Sect. III.
Although we find the two poles to lie above the nominal

value of the ⇤(1405) resonance, we note that the signal
would be peaked between 1405 MeV and 1415 MeV. This
is clearly seen in Fig. 7, where we represent the quanti-
ties q⇡⌃ | T⇡⌃!⇡⌃ |2 and q⇡⌃ | TK̄N!⇡⌃ |2 as functions of
the center-of-mass energy, with q⇡⌃ being the momentum
in the ⇡⌃ center-of-mass frame. These quantities deter-
mine the cross section in experiments where the ⇤(1405)
production is mainly driven by ⇡⌃ or K̄N intermediate
states, respectively.
The ⇤(1670) resonance naturally shows up and helps

describing the experimental K�p ! ⌘⇤ total cross sec-
tions. The corresponding properties are collected in
Table IV, from which we can appreciate that our re-
sults are in good agreement with [55], quoting a mass
(1670� 1680) MeV and a width (25� 50) MeV. We note
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TABLE IV. Pole positions of the pure chiral model
WT+Born+NLO , expressed in MeV, and the correspond-
ing modulus of the couplings |gi| found in isospin 0 and 1
basis.

We next analyze the pole content of the scattering am-
plitude derived from the WT+Born+NLO fit. The
resonances found and their couplings to the di↵erent
channels in the various sector are summarized in Ta-
ble IV. In I = 0, our model generates the double-
pole structure of the ⇤(1405) and a pole representing the
⇤(1670). As can be appreciated in Table IV, the broader
pole of ⇤(1405), which couples mostly to ⇡⌃, is located
at 1419 MeV. The other pole with smaller imaginary part
is located very close to the former one, 1420 MeV, but

more strongly coupled to K̄N . The characteristics of this
narrower pole coincide with the results of other recent
studies [23, 25–27, 29, 76, 77], which mostly fall within
the range (1415 � 1435, 10 � 25) MeV, as is reflected in
Fig. 6 which contains the pole positions obtained by the
previous authors in the complex plane. One also can
see the huge di↵erences in the position of the wider pole
among the di↵erent groups. For a more detailed compar-
ison between the pole content in some of the cited studies
based on UChPT, we recommend the exhaustive analy-
sis of [78]. In Fig. 6, we also include the dispersion of
the pole positions for the configurations selected by the
condition of Eq. (31) when we let the parameters vary
within their error bands, as explained in Sect. III.
Although we find the two poles to lie above the nominal

value of the ⇤(1405) resonance, we note that the signal
would be peaked between 1405 MeV and 1415 MeV. This
is clearly seen in Fig. 7, where we represent the quanti-
ties q⇡⌃ | T⇡⌃!⇡⌃ |2 and q⇡⌃ | TK̄N!⇡⌃ |2 as functions of
the center-of-mass energy, with q⇡⌃ being the momentum
in the ⇡⌃ center-of-mass frame. These quantities deter-
mine the cross section in experiments where the ⇤(1405)
production is mainly driven by ⇡⌃ or K̄N intermediate
states, respectively.
The ⇤(1670) resonance naturally shows up and helps

describing the experimental K�p ! ⌘⇤ total cross sec-
tions. The corresponding properties are collected in
Table IV, from which we can appreciate that our re-
sults are in good agreement with [55], quoting a mass
(1670� 1680) MeV and a width (25� 50) MeV. We note
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12

� Rn Rc ap(K
�p ! K�p) �E1s �1s

Ikeda-Hyodo-Weise (NLO) [23] 2.37 0.19 0.66 �0.70 + i 0.89 306 591
Guo-Oller (fit I + II) [25] 2.36+0.24

�0.23 0.188+0.028
�0.029 0.661+0.012

�0.011 (�0.69± 0.16) + i (0.94± 0.11) 308± 56 619± 73
Mizutani et al (Model s) [26] 2.40 0.189 0.645 �0.69 + i 0.89 304 591
Mai-Meissner (fit 4) [29] 2.38+0.09

�0.10 0.191+0.013
�0.017 0.667+0.006

�0.005 288+34
�32 572+39

�38

Cieply-Smejkal (NLO) [76] 2.37 0.191 0.660 �0.73 + i 0.85 310 607
Shevchenko (two-pole Model) [77] 2.36 �0.74 + i 0.90 308 602
WT+Born+NLO 2.36+0.03

�0.03 0.188+0.010
�0.011 0.659+0.005

�0.002 �0.65+0.02
�0.08 + i 0.88+0.02

�0.05 288+23
�8 588+9

�40

WT+NLO+Born+RES 2.36 0.189 0.661 �0.64 + i 0.87 283 587

Exp. 2.36± 0.04 0.189± 0.015 0.664± 0.011 (�0.66± 0.07) + i (0.81± 0.15) 283± 36 541± 92

TABLE III. Threshold observables obtained from our fits and from other recent studies [23, 25, 26, 29, 76, 77] which incorporated
the SIDDHARTA measurements in the fitting procedure. Experimental data is taken from [20, 71, 72].

first inspect the total cross sections of the ⌘ channels.
One can clearly see that these cross sections are prop-
erly reproduced with this fit, excluding the small bump
in the ⌘⇤ cross section around 2000 MeV where this the-
oretical model slightly underestimates its strength. The
agreement with the experimental data just above the ⌘⇤
threshold describing the ⇤(1670) resonant structure im-
plies that this fit is able to dynamically generate such
a resonance. It should be noted that the dynamical
generation of this resonance was confirmed for the first
time in [75] by means of a unitarized coupled-channels
method using the lowest order (WT) chiral lagrangian.
The authors examined the contribution of the ⇤(1670)
tail, and hence the role of the rescattering terms, on the
K�p ! K⌅ reactions, because they found this resonance
to couple strongly to K⌅, being the squared value of
the corresponding coupling one or two orders of magni-
tude larger than the ones to other isospin 0 states in the
S = �1 sector. Relatedly, the position of the pole as-
sociated to the ⇤(1670) was quite sensitive to the aK⌅

subtraction constant. The results obtained there clearly
suggest that there is a correlation between the ability of
a model in reproducing the ⇤(1670) resonance and the si-
multaneous accommodation of the K⌅ production cross
sections. This is a very valuable argument to discrimi-
nate among all possible parametrizations which describe
in an acceptable way theK⌅ cross sections. In this sense,
the set of parameters of the present WT+Born+NLO

fit is in line with the findings of [75].

Concerning the K�p ! K+⌅� cross section (bottom
panels in Fig. 5), the WT+Born+NLO model gives a
reasonable reproduction of data, although slightly worse
than those obtained by our previous best pure chiral
models [31, 32], since the maximum of the present dis-
tribution is shifted 50 MeV towards higher energy. From
[31, 32], one can also appreciate that the older mod-
els (WT+NLO and WT+NLO+Born respectively)
clearly o↵er a better agreement with the experiment than
the new one for the K�p ! K0⌅0 cross section. We
note that this is the price one has to pay in order to in-
clude and correctly describe the new channels K�p !
⌘⇤, ⌘⌃. Actually both older models, WT+NLO and
WT+NLO+Born, miss the experimental data in these

channels by up to an order of magnitude, as can be seen in
[43]. The di↵erence in the behaviour of the K�p ! K⌅
cross sections in WT+Born+NLO model with respect
to the older models, in particular the rather sharp rise of
the K�p ! K0⌅0 cross section just above the threshold,
is related to the changed role of the isospin I = 0 compo-
nent, which becomes dominant at threshold energies as
it picks up the tail of the dynamically generated ⇤(1670)
resonance that describes the K�p ! ⌘⇤ reaction. Below
we will discuss in detail the interplay between I = 0 and
I = 1 components at di↵erent energies in the present
and older models, showing in particular that our new
model gives a much better prediction for the pure I = 1
K0

Lp ! K+⌅0 reaction.

Coming back to the K�p ! K0⌅0 and K�p ! K+⌅�

cross sections, the model can be improved by the inclu-
sion of resonant terms, similarly to what is done in [31],
where these proved to be very helpful to accommodate
the theoretical cross section to the experimental data.
We will discuss such a development in subsection IVC.
However, looking at bottom panels in Fig. 5, we can al-
ready anticipate that the explicit inclusion of the ⇤(1890)
is a good strategy, since it is located in the energy region
of interest and it is an isospin 0 resonance, the relevance
of which is clarified at the end of this section.

Finally, the total cross sections of the classical pro-
cesses obtained by the WT+Born+NLO fit, repre-
sented in the three top rows of Fig. 5, reproduce the
experimental data very well. This agreement is con-
sequently reflected on the threshold observables, whose
values are collected in Table III, together with the re-
sults obtained by other works which include in their fits
the recent experimental data from [20]. A similar degree
of accuracy is reached by all the fits in reproducing the
branching ratios, while, for the K�p scattering length
and the related energy shift and width of the 1s state of
kaonic hydrogen, the various models show slightly larger
di↵erences, yet all of them being within the error range.
These similarities can be attributed to their similar values
of the f parameter, given the dominance of the WT term
at threshold, with the exception of the study [77], which
is based on a phenomenological strong isospin-dependent
K�N � ⇡⌃ potential.

Threshold observables obtained from our fits and from other recent studies
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The two models predict very different isospin contributions
➔ Isospin-filter observables are needed!
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Isospin filtering processes: Inclusion of Hyperonic resonances
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90 The inclusion of resonances

channel is employed above and below threshold and that a slightly di↵erent resonance

set was found as the relevant one to reproduce the experimental data, consisting of:

⇤,⌃,⌃(1385),⇤(1890),⌃(2030),⌃(2250)(J⇡ = 5/2�). Another relevant di↵erence be-

tween [32] and [85] is the employed form factors, an exponential form in [32] and a

lorentzian form in [85], which leave the corresponding cuto↵ parameters di↵ering by a

factor 2, namely 440 MeV and 900 MeV respectively.

3.1.1 Formalism

The K̄N ! K+⌅�, K0⌅0 reaction cross sections are obtained adding to the corre-

sponding chiral unitary model amplitude T (s0, s) described in the previous chapter,

the contributions from the K̄N ! ⌃(2030) ! K⌅ and K̄N ! ⌃(2250) ! K⌅ transi-

tions, denoted by T 7/2+(s0, s) and T 5/2�(s0, s) respectively, which are built as described

below.

Adopting the Rarita-Schwinger method, as in [31], the spin-5/2 and 7/2 baryon

fields are described by a rank-2 tensor Y µ⌫

5/2 and a rank-3 tensor Y µ⌫↵

7/2 , respectively. For

future convenience we also include the corresponding method for the spin-3/2 which

comes as a rank-1 tensor, and which allows one to implement the K̄N ! ⇤(1890) !

K⌅ transition with a related T 3/2�(s0, s) resonant amplitude. The lagrangians are

L3/2±

BYK
(q) = i

gBY3/2K

mK

B̄�(±)Y µ

3/2@µK + H.c. , (3.1)

for the spin-3/2 resonance,

L5/2±

BYK
(q) = i

gBY5/2K

m2
K

B̄�(±)Y µ⌫

5/2@µ@⌫K + H.c. , (3.2)
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channel is employed above and below threshold and that a slightly di↵erent resonance

set was found as the relevant one to reproduce the experimental data, consisting of:
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below.

Adopting the Rarita-Schwinger method, as in [31], the spin-5/2 and 7/2 baryon

fields are described by a rank-2 tensor Y µ⌫
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7/2 , respectively. For

future convenience we also include the corresponding method for the spin-3/2 which

comes as a rank-1 tensor, and which allows one to implement the K̄N ! ⇤(1890) !

K⌅ transition with a related T 3/2�(s0, s) resonant amplitude. The lagrangians are
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Isospin filtering processes: Results

Fitting parameters:

Very homogeneous and accurate 
values

Naturally sized values
for all

16% improvement on the goodness of
the fit

WT+Born+NLO WT+NLO+Born+RES

aK̄N (10
�3

) 1.268+0.096
�0.096 1.517± 0.208

a⇡⇤ (10
�3

) �6.114+0.045
�0.055 �2.624± 13.926

a⇡⌃ (10
�3

) 0.684+0.429
�0.572 2.146± 1.174

a⌘⇤ (10
�3

) �0.666+0.080
�0.140 0.756± 1.215

a⌘⌃ (10
�3

) 8.004+2.282
�0.978 10.105± 3.660

aK⌅ (10
�3

) �2.508+0.396
�0.297 �2.013± 0.743

f/f⇡ 1.196+0.013
�0.007 1.180± 0.028

b0 (GeV �1
) 0.129+0.032

�0.032 �0.071± 0.016
bD (GeV �1

) 0.120+0.010
�0.009 0.128± 0.015

bF (GeV �1
) 0.209+0.022

�0.026 0.271± 0.022
d1 (GeV �1

) 0.151+0.021
�0.027 0.144± 0.034

d2 (GeV �1
) 0.126+0.012

�0.009 0.133± 0.011
d3 (GeV �1

) 0.299+0.020
�0.024 0.405± 0.022

d4 (GeV �1
) 0.249+0.027

�0.033 0.022± 0.020
D 0.700+0.064

�0.144 0.700± 0.148
F 0.510+0.060

�0.050 0.400± 0.110
g⇤Y3/2⌘ · gNY3/2K̄ - 8.924± 11.790

g⌅Y3/2K · gNY3/2K̄ - 6.200± 8.214

g⌅Y5/2K · gNY5/2K̄ - �3.881± 9.585

g⌅Y7/2K · gNY7/2K̄ - �14.306± 14.427

⇤3/2 (MeV) - 839.66± 406.68
⇤5/2 (MeV) - 541.31± 290.01
⇤7/2 (MeV) - 500.00± 426.82
MY3/2

(MeV) - 1910.00± 44.70
MY5/2

(MeV) - 2210.00± 39.07
MY7/2

(MeV) - 2040.00± 14.88
�3/2 (MeV) - 200.00± 120.31
�5/2 (MeV) - 150.00± 52.42
�7/2 (MeV) - 150.00± 43.12

�2
d.o.f. 1.14 0.96
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