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Aim: Experimental repercussions on the meson-baryon interaction in the S=-1 sector at different energy 
regimes.10 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 …
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*$% interaction is dominated by the presence of  the , -./0 resonance, located only 27 MeV below
the !"# 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:
• *$% scattering data reproduced very satisfactorily
• Two-pole structure of , -./0
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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  !!" scattering length!!! K. Moriya et al., Phys. Rev. C87, 035206(2013).

Photoproduction #" ⟶ !"%& 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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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)
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• Leading order (LO)

Lagrangian:

à derive an interaction kernel Vij
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Formalism: Effective Chiral Lagrangian
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STRANEX: Recent progress and perspectives in STRANge EXotic atoms studies and related topics.

October 21 - 25, 2019, ECT* (Trento).
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MB(B,U) + L(2)
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<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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Weinberg-Tomozawa term (WT)

1. Dominant contribution.
2. Interaction mediated, basically, by the constant 1 of the leptonic decay of 

the pseudoscalar meson
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• 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 )
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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

EXOTICO – October 17 – 21 , 2022, ECT*

Introduction: Theoretical Framework and Historical Background 
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• 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>

• 2$, 2% , 2& , 3', 3(, 3), 3* , 4', 4(, 4* , 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 4) get cancelled

EXOTICO – October 17 – 21 , 2022, ECT*

Introduction: Theoretical Framework and Historical Background 
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Finally, unitarized amplitudes can be obtained via the Bethe-Salpeter equation

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

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 ! = 1$%& in all k channels.  

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

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

Introduction: Theoretical Framework and Historical Background 
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6!7 ⟶ 9: ; = −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.

EXOTICO – October 17 – 21 , 2022, ECT*
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A. F., D. Gazda, V. Magas, A. Ramos, Symmetry 13 (2021) 8, 1434

EXOTICO – October 17 – 21 , 2022, ECT*

6!7 ⟶ 9: ; = −1 total cross sections: (even at higher energies and including higher partial waves)

Introduction: Theoretical Framework and Historical Background
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Motivation: $% interaction background
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A. Cieply, J. Hrtánková, J. Mareš, E. Friedman, A. Gal and A. Ramos, AIP Conf. Proc. 2249, no.1, 030014 (2020). 

!'" ⟶ !'" scattering amplitudes generated by recent chirally motivated approaches: 
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Motivation: $% interaction background
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Our Model

A. F., V. Magas, A. Ramos, Phys. Rev. C 99 (2019) 035211. 

Pole positions of the Λ(1405) for some state-of-the-art models: 
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Motivation: $% interaction background
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K. Piscicchia et al.., Phys.Lett. B782 (2018) 339-345.  
AMADEUS collaboration, KLOE detector at DAFNE

6!E ⟶ F!Λ amplitude (pure  ( = 1 process)

L. ROCA AND E. OSET PHYSICAL REVIEW C 88, 055206 (2013)
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FIG. 3. (Color online) Solution from the fit procedure described in the text.

search for the positions of the two !(1405) poles and look for a
possible I = 1 resonance in the range of energies considered.

If at this point we carry on a global fit allowing for
all the parameters to be free from the beginning in the
fitting algorithm, there are many local minima of the χ2

function, most of them having clearly unphysical values of
the parameters. We consider a fit unphysical if the parameters
of the potentials αi and βi are very different from 1, since
we expect reality not to be much different from what the
chiral unitary approach gives. In order to get physically
meaningful results, in the way defined above, we implement
the following strategy in line with the one used in Ref. [1]:
As mentioned above, the previous fit of Fig. 2, i.e., fixing the
potential parameters to 1, is already reasonably fair, and the
potential (not yet fitted) is consistent with scattering data [8];
hence a good physical global fit should not be very far from
having values of αi ∼ 1 and βi ∼ 1. Therefore, in the first
step, we start from the fit of Fig. 2, which was obtained by
fixing the potential parameters to 1 (αi = 1 and βi = 1), but
fixing now the IP parameters and allowing only the potential
parameters to change. In the next step, we fix the new potential
parameters obtained in the previous step and fit again the
IP parameters. We iterate the process, alternating between
fitting the IP or fitting the potential parameters, until we get a
convergence of the χ2 value. In this way we obtain a minimum

of the χ2 value with potential parameters not very different
from 1, which are then physically meaningful. After this
iterative procedure we get the results shown in Fig. 3, which
have χ2/dof = 2.1. The bands account for the uncertainties of
the fit at one standard deviation confidence level. The potential
parameters obtained are shown in Table I.

It is important to note that the parameters obtained are not
very different from one. This means that by allowing for just a
small variation in the parameters of the chiral unitary approach
the photoproduction data can be nicely reproduced.

It is also worth noting that there are other minima for χ2

close to the previous one with different values for the IP pa-
rameters but with similar results for the parameters of Table I.
This means that there might be some important correlation
between the IP parameters and some mathematical symmetry
between them which allows those parameters to change
without altering the numerical final result for the photopro-
duction. However, note that the important parameters for the
meson-baryon amplitudes are the potential parameters (those
in Table I), and the values of these parameters are rather stable.

In Table II we show the results obtained for the pole
positions in the complex energy (

√
s) plane in unphysical

Riemann sheets of the scattering amplitudes.
In the table we also show the modulus of the couplings to

the different isospin meson-baryon channels obtained from the

TABLE I. Parameters of the unitarized amplitudes.

α0
11 α0

12 α0
22 α1

11 α1
12 α1

13 α1
22 β1 β2 β3

1.037 1.466 1.668 0.85 0.93 1.056 0.77 1.187 0.722 1.119

055206-4

L. Roca and E. Oset, Phys. Rev. C 88, 055206 (2013).
Fit to photoproduction data from CLAS
K. Moriya et al. (CLAS Collaboration), Phys. Rev. C 87, 035206 (2013).

Many efforts have been made in order to extract information about subthreshold amplitudes… 
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• The fitting procedure supports the composite
state nature of the ,(-./0)
• Very valuable information can be extracted
from further experimental and theoretical
analysis of these data.

Exciting results reported by GlueX Collaboration in the F$Σ$ invariant mass distribution from
the H7⟶6#F$Σ$ process!!!

Wickramaarachchi’s talks: HYP2022 (Prague) and QNP2022 (Floria) 

Experimental challenges: F$Σ$ invariant mass from photoproduction
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Experimental challenges: F$Σ$ invariant mass from photoproduction

P. Bruns, Cieply and M. Mai, arXiv:2206.08767 [nucl-th]L. Roca and E. Oset, Phys. Rev. C 88, 055206 (2013); 
Phys. Rev. C 88, 055206 (2013)
M. Mai, U.-G. Meissner, Eur. Phys. J. A 51, 30 (2015)

Reproduction of the photoproduction data from CLAS:  (K. Moriya et al. (CLAS Collaboration), Phys. Rev. C 87, 035206) (2013)
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Experimental challenges: Measurement of the Γ1s and J1s in kaonic deuterium

M. Miliucci Measur.Sci.Tech. 33 (2022) 9, 095502

The SIDDHARTA 2 (at DAFNE)  high precision X-ray measurement of the 6!3 27 ⟶ 1L transition:

• Deviations from the expected electromagnetic energy level will provide information about the strong interaction
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Mizutani et al., Phys. Rev. C 87, 035201 (2013).

EXOTICO – October 17 – 21 , 2022, ECT*

• The pioneering work – G. Toker, A. Gal, J. M. Eisenberg, Nucl. Phys. A 362, 405 (1981)
The !!+ → %!Λ" reaction (+ other three-body K− reactions), with s-wave kaons, within Faddeev formalism for 
charge-independent separable two-body coupled-channel interactions
• S.S. Kamalov, E. Oset, A. Ramos, Nucl. Phys. A 690, 494-508 (2001)
Considering charge exchange process (+ fixed center approximation of Faddeev Equations)

Experimental challenges: Measurement of the Γ1s and J1s in kaonic deuterium

6! scattering on the deuteron at low energies:

Relevant studies on this topic following the
Fadeev scheme with different approximations,
different two-body amplitudes…
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Experimental challenges:  6!7 interaction using femtoscopic correlations from High-Energy Nuclear Collisions

S.Acharyaetal.(ALICE),Phys.Rev.Lett.124,092301(2020) 

Y. Kamiya, T. Hyodo, K. Morita, A. Ohnishi and 
W. Weise,Phys.Rev.Lett. 124, 132501 (2020)

Λ(1520)*$"+ threshold

Correlation function in momentum space:
two-particle production probability normalized
by the product of single-particle production
probabilities.

Tuning parameters:
• R (size of the source)
• M+, source weight in the &Σ chanels
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Experimental challenges: antineutrino induced N(1405) production

X.L. Ren, E. Oset, L. Alvarez-Ruso, M.J. Vicente 
Vacas, Phys. Rev. C 91(4), 045201 (2015)

These kind of antineutrino production processes were 
theoretically studied in:

• One of the possible output of the MicroBooNE Coll.
(O, , and related hyperons production under analysis)

• It is expected that SBND will be able measure such 
processes with huge statistics
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Suggestion for a measurement: ((1405) mediated triangle singularity in the $'/ ⟶ 1Σ' 3

p(P 0, ~P )

⌃�(P 00,�~P )

K+(q)

⇤⇤(P 0 � q0, ~P � ~q)

K�

p(P 0 � q0 � k0, ~P � ~q � ~k)

n(P 00 + q0,�~P + ~q)

d d

⌃�(P 00,�~P )

p(P 0, ~P )

⇤⇤(P 00 � q0,�~P � ~q)

K�

p(P 00 � q0 � k0,�~P � ~q � ~k)

n(P 00 + q0, ~P + ~q)

⇡�(q)

(a) (b)

FIG. 2. Feynman diagrams for the p⌃� ! K�d reaction. The momenta of the lines are shown in brackets.
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This reaction proceeds via these 2 mechanisms:

6!3 ⟶ 7Σ! x-sections for different models:

A. F., Molina, L.R. Dai, and E. Oset, arXiv:2105.09654 [nucl-th]



Motivation: Evolution of our chiral model 
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Prediction for Isospin filtering processes at higher energy:

6-
$7 ⟶ 6#P$ reaction (pure  ( = 1 process) J-Lab proposal for the secondary !# beam
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Nucl. Phys. A  954, 58 (2016)
Phys. Rev. C 92, 015206 (2015) 
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Phys. Rev. C 99, 3, 035211 (2019) 

A. F., V. Magas, A. Ramos, 



”We are just at the beginning of the data taking in a higher precision era and it is
most probable that exciting outputs were obtained in the near future. The interpretation
of the experiments and studies to learn about the nature !KN interaction is a task that will
require the combined efforts of both experimentalists and theoreticians.”

Review, Nucl.Phys. A954 (2016) 371-392
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Thank you for your attention
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