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Aim: Study of the meson-baryon interaction in the S=-1 sector at low energies.
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 $ %&'( resonance, located only 27 
MeV below the Kbar-N threshold.

à A nonperturbative resummation is needed!!!

• In 1995 Kaiser, Siegel and Weise reformulated the problem in terms of a Unitary extension of ChPT
(UChPT) in coupled channels.
The pioneering work  -- Kaiser, Siegel, Weise, NP A594 (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 + 1405
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M. Bazzi et al.,
Phys. Lett. B 704, 113 (2011).

The energy shift and width of the 1s state in kaonic 
hydrogen measured by SIDDHARTA@DAΦNE fixes the  
!"# scattering length with a 20% precision!!! 

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. Feijoo, V. Magas, A. Ramos, Phys. Rev. C 92, 015206 (2015).
A. Ramos, A. Feijoo, V. Magas, Nucl. Phys. A 954, 58 (2016).

This topic has experienced a renewed interest after recent experimental advances:
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We focus on processes which filter isospin could provide more constraints in order to get more
reliable values of NLO coefficients.

• Addition of experimental x-sections to final !"(# = %), !&%(# = ') in the fitting procedure.

Observable Points Observable Points

�K�p!K�p 23 �K�p!K̄0n 9

�K�p!⇡0⇤ 3 �K�p!⇡0⌃0 3

�K�p!⇡�⌃+ 20 �K�p!⇡+⌃� 28

�K�p!⌘⌃0 9 �K�p!⌘⇤ 49

�K�p!K+⌅� 46 �K�p!K0⌅0 29

� 1 �E1s 1

Rn 1 �1s 1

Rc 1
<latexit sha1_base64="DkpMZgcpeydWYlvyJWpjs5sGO7I="></latexit><latexit sha1_base64="DkpMZgcpeydWYlvyJWpjs5sGO7I="></latexit><latexit sha1_base64="DkpMZgcpeydWYlvyJWpjs5sGO7I="></latexit><latexit sha1_base64="DkpMZgcpeydWYlvyJWpjs5sGO7I="></latexit>

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

2 new fits were performed:

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

Only S-wave contribution is taken into account
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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>

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 !" threshold.

K $′& ,  η $′&!( $&

p )& Ξ )+& , Λ )+&

-., 0.
12.3, 14.516.73

Y= 4 89:; , < =;>; , < ==?;
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+

<latexit sha1_base64="HamHwBJsS4UZgPqkDmzUC6oENPA="></latexit><latexit sha1_base64="HamHwBJsS4UZgPqkDmzUC6oENPA="></latexit><latexit sha1_base64="HamHwBJsS4UZgPqkDmzUC6oENPA="></latexit><latexit sha1_base64="HamHwBJsS4UZgPqkDmzUC6oENPA="></latexit>

T tot
ij = TBS

ij +
1p

4MpM⇤
T 3/2+

ij
<latexit sha1_base64="rVNDH4algYW8Pr72qg0j9HQpMeM="></latexit><latexit sha1_base64="rVNDH4algYW8Pr72qg0j9HQpMeM="></latexit><latexit sha1_base64="rVNDH4algYW8Pr72qg0j9HQpMeM="></latexit><latexit sha1_base64="rVNDH4algYW8Pr72qg0j9HQpMeM="></latexit>

Only for 3(@ ⟶ 3B reactions: 

Only for 3(@ ⟶ 54 reaction: 
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Prediction/reproduction for Isospin filtering processes:

!"#$ ⟶ !&'# reaction (pure ( = 1 process)

J-Lab proposal for the secondary !" beam
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|TK-n--->p-L|   [fm]

Mai-Meissner 4

Mai-Meissner 2
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Guo-Oller 1

Cieply-Smejkal

Ikeda-Hyodo-Weise

Ramos-Magas-Feijoo
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Nucl. Phys. A  954, 58 (2016)
Phys. Rev. C 92, 015206 (2015) 

K. Piscicchia et al.., Phys.Lett. B782 (2018) 339-345.  
AMADEUS collaboration, KLOE detector at DAFNE

!+, ⟶ -+Λ reaction (pure ( = 1 process)
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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?
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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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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

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
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Weinberg-Tomozawa term (WT)

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

the pseudoscalar meson

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
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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
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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

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 )
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Born terms
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1. Direct diagram (s-channel Born term)

V D
ij =

NiNj

12f2

X

k

C(Born)
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C(Born)
j̄j,k
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p
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i

�
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2. Cross diagram (u-channel Born term)
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ij = �NiNj
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X

k
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k
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p
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i Mk

⇤
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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
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4
hB̄[�µ, �⌫ ]uµihu⌫ , Bi+ h.c.
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• !", !$ , !%, &', &(, &), &* , +', +(, +* , 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 +) get cancelled
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• Next to leading order (NLO), just considering the contact term

V NLO

ij
=

NiNj
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
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µqiµ +
1

2M2
N

gij(pi
µqjµpi

⌫qi⌫ + pj
µqjµpj

⌫qi⌫)
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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|
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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✓)
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Expansion in Legendre polynomials
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Unitarization: e.g. via the Bethe-Salpeter equation with on-shell amplitudes

• Amplitudes with well definite total angular momentum exhibit independent unitary conditions
à They should be separated in the Bethe-Salpeter equation and need to be 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
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Finally, unitarized amplitudes … 

• 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 the k channels.  
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Fitting parameters:

• Decay constant ! partially constrained: 1.1234567 ≤ 3 ≤ 1.26 34567, 34567=93 MeV

• 6 subtracting constants (isospín symmetry):

• 14 coefficients of the NLO lagrangian terms ;<, ;> , ;?, @A, @B, @C, @D , EA, EB, ED , ℎA, ℎB, ℎC, ℎD

• Axial vector couplings D, F         we impose gA = D + F = 1.26
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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

⇤

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

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)

0.1 Data treatment and fits

[1] B. Borasoy, R. Nissler and W. Weise, Eur. Phys. J. A 25, 79 (2005)

[2] J. A. Oller, Eur. Phys. J. A 28, 63 (2006)

[3] B. Borasoy, U.-G. Meissner and R. Nissler, Phys. Rev. C 74, 055201 (2006)

[4] Y. Ikeda, T. Hyodo and W. Weise, Nucl. Phys. A 881, 98 (2012)

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

[6] A. Feijoo, V. K. Magas and A. Ramos, arXiv:1502.07956 [nucl-th]

[7] K. Nakayama, Y. Oh and H. Haberzettl, Phys. Rev. C 74, 035205 (2006)

[8] J. K. S. Man, Y. Oh and K. Nakayama, Phys. Rev. C 83, 055201 (2011)

[9] D. A. Sharov, V. L. Korotkikh and D. E. Lanskoy, Eur. Phys. J. A 47, 109 (2011)

[10] R. Shyam, O. Scholten and A. W. Thomas, Phys. Rev. C 84, 042201 (2011)

[11] B. C. Jackson, H. Haberzettl, Y. Oh and K. Nakayama, EPJ Web Conf. 81, 05015
(2014)

�2
d.o.f =

PK
k=1 nk⇣PK

k=1 nk � p
⌘ 1

K

KX

k=1

�2
k

nk
<latexit sha1_base64="KmBVuJgYElxw0T9W8+AxzbIePrY="></latexit>

Total cross section:

Branching ratios:
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Preliminary results!!!
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But it is not so straight forward …

!"# interaction is dominated by the presence of  the $ %&'( resonance, located only 27 
MeV below the Kbar-N threshold.

à A nonperturbative resummation is needed!!!

• In 1995 Kaiser, Siegel and Weise reformulated the problem in terms of a Unitary extension of ChPT
(UChPT) in coupled channels.
The pioneering work  -- Kaiser, Siegel, Weise, NP A594 (1995) 325



Introduction: Theoretical Framework and Historical Background

23
STRANEX: Recent progress and perspectives in STRANge EXotic atoms studies and related topics.

October 21 - 25, 2019, ECT* (Trento).

• From the late 1990s to the mid-2000s, numerous studies were devoted to the !"# interaction with various 
degrees of sophistication: more channels, NLO Lagrangian, s-channel and  u-channel Born terms…

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).
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All of them obtaining in general similar features:
• !$% scattering data reproduced very satisfactorily
• Two-pole structure of & 1405
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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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� 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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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.
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energy range close to threshold.
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Total cross sections



Formalism: UChPT nonperturbative scheme

Unitarization via the Bethe-Salpeter equation which it is solved by factorizing V and T matrices 
on-shell out the internal integrals
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subtraction constants for the dimensional 
regularization scale ! = #$%& in all the k 
channels.  With isospin 

symmetry

Tij = (1� VilGl)
�1Vlj

<latexit sha1_base64="5nFkJLwwejuszjaC1BM9ubXGQJo=">AAACCnicdVDJTsMwFHTKVsIW4MjFokWUQ6ukQoILUgUHOBapm9SGyHGd1q2zyHaQqih/AD8DJwTcOPID/A1OKRLrXDzvzTzJM27EqJCm+abl5uYXFpfyy/rK6tr6hrG51RJhzDFp4pCFvOMiQRgNSFNSyUgn4gT5LiNtd3yW6e1rwgUNg4acRMT20SCgHsVIqpVj7MNiw0noKIUnSckqtxRn6bnDDtKrpGylamajtKjrjlEwK4dmBvibWJXpaxbADHXHeO31Qxz7JJCYISG6lhlJO0FcUsxIqvdiQSKEx2hAuooGyCfCTqaBUrjnhRzKIYHT+as3Qb4QE99VHh/JofipZcu/tG4svWM7oUEUSxJgZVGaFzMoQ5j1AvuUEyzZRBGEOVW/hHiIOMJStZfF/8wI/yetasUyK9ZltVA7nRWRBztgF5SABY5ADVyAOmgCDG7BPXgCz9qNdqc9aI8f1pw2u9kG36C9vAM6hpiZ</latexit><latexit sha1_base64="5nFkJLwwejuszjaC1BM9ubXGQJo=">AAACCnicdVDJTsMwFHTKVsIW4MjFokWUQ6ukQoILUgUHOBapm9SGyHGd1q2zyHaQqih/AD8DJwTcOPID/A1OKRLrXDzvzTzJM27EqJCm+abl5uYXFpfyy/rK6tr6hrG51RJhzDFp4pCFvOMiQRgNSFNSyUgn4gT5LiNtd3yW6e1rwgUNg4acRMT20SCgHsVIqpVj7MNiw0noKIUnSckqtxRn6bnDDtKrpGylamajtKjrjlEwK4dmBvibWJXpaxbADHXHeO31Qxz7JJCYISG6lhlJO0FcUsxIqvdiQSKEx2hAuooGyCfCTqaBUrjnhRzKIYHT+as3Qb4QE99VHh/JofipZcu/tG4svWM7oUEUSxJgZVGaFzMoQ5j1AvuUEyzZRBGEOVW/hHiIOMJStZfF/8wI/yetasUyK9ZltVA7nRWRBztgF5SABY5ADVyAOmgCDG7BPXgCz9qNdqc9aI8f1pw2u9kG36C9vAM6hpiZ</latexit><latexit sha1_base64="5nFkJLwwejuszjaC1BM9ubXGQJo=">AAACCnicdVDJTsMwFHTKVsIW4MjFokWUQ6ukQoILUgUHOBapm9SGyHGd1q2zyHaQqih/AD8DJwTcOPID/A1OKRLrXDzvzTzJM27EqJCm+abl5uYXFpfyy/rK6tr6hrG51RJhzDFp4pCFvOMiQRgNSFNSyUgn4gT5LiNtd3yW6e1rwgUNg4acRMT20SCgHsVIqpVj7MNiw0noKIUnSckqtxRn6bnDDtKrpGylamajtKjrjlEwK4dmBvibWJXpaxbADHXHeO31Qxz7JJCYISG6lhlJO0FcUsxIqvdiQSKEx2hAuooGyCfCTqaBUrjnhRzKIYHT+as3Qb4QE99VHh/JofipZcu/tG4svWM7oUEUSxJgZVGaFzMoQ5j1AvuUEyzZRBGEOVW/hHiIOMJStZfF/8wI/yetasUyK9ZltVA7nRWRBztgF5SABY5ADVyAOmgCDG7BPXgCz9qNdqc9aI8f1pw2u9kG36C9vAM6hpiZ</latexit><latexit sha1_base64="5nFkJLwwejuszjaC1BM9ubXGQJo=">AAACCnicdVDJTsMwFHTKVsIW4MjFokWUQ6ukQoILUgUHOBapm9SGyHGd1q2zyHaQqih/AD8DJwTcOPID/A1OKRLrXDzvzTzJM27EqJCm+abl5uYXFpfyy/rK6tr6hrG51RJhzDFp4pCFvOMiQRgNSFNSyUgn4gT5LiNtd3yW6e1rwgUNg4acRMT20SCgHsVIqpVj7MNiw0noKIUnSckqtxRn6bnDDtKrpGylamajtKjrjlEwK4dmBvibWJXpaxbADHXHeO31Qxz7JJCYISG6lhlJO0FcUsxIqvdiQSKEx2hAuooGyCfCTqaBUrjnhRzKIYHT+as3Qb4QE99VHh/JofipZcu/tG4svWM7oUEUSxJgZVGaFzMoQ5j1AvuUEyzZRBGEOVW/hHiIOMJStZfF/8wI/yetasUyK9ZltVA7nRWRBztgF5SABY5ADVyAOmgCDG7BPXgCz9qNdqc9aI8f1pw2u9kG36C9vAM6hpiZ</latexit>

Tij = Vij + VilGlVlj + VilGlVlkGkVkj + ...
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Tij = Vij + VilGlTlj
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Pure algebraic equation

aK�p = aK̄0n = aK̄N

a⇡0⌃0 = a⇡+⌃� = a⇡�⌃+ = a⇡⌃

a⇡⇤

a⌘⌃

a⌘⇤

aK0⌅0 = aK+⌅� = aK⌅
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But it is not so straight forward …

!"# interaction is dominated by the presence of  the $ %&'( resonance, located only 27 
MeV below the Kbar-N threshold.

à A nonperturbative resummation is needed!!!

Back in 1950, Dalitz and Tuan already proposed that the !K-N interaction is attractive enough to generate a 
quasi-bound state, the L(1405), below the "# threshold and embedded in the pS continuum.

R. H. Dalitz and S. F. Tuan, Phys. Rev. Lett. 2 (1959) 425.
R. H. Dalitz and S. F. Tuan, Annals of Phys. 10 (1960) 307
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Magas, Oset, Ramos, PRL 95 (2005) 052301

All of them obtaining in general similar features:
• !"# scattering data reproduced very satisfactorily
• Two-pole structure of $ 1405

Y. Ikeda et al. / Nuclear Physics A 881 (2012) 98–114 107

Fig. 2. Calculated K−p elastic, charge exchange and strangeness exchange cross sections as functions of K− laboratory
momentum, compared with experimental data [19]. The dashed, dotted and solid curves represent TW, TWB and best
fits of the full NLO calculations, respectively.

scheme and the uncertainty bands constrained by Eq. (23). As seen in the figure, the amplitude
exhibits the structure of the Λ(1405) resonance emerging from the strong attraction in the I = 0
component of the amplitude. We find that the subthreshold extrapolation is stable thanks to the
accurate constraint at threshold.
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Special attention was paid to !"# → ! % reactions:
• There is no direct contribution from these reactions at lowest order &'()⟶'+,+ = &'()⟶'.,( = 0
• The rescattering terms from coupled channels are the only contribution to the scattering amplitude

B. Borasoy, R. Nissler, W. Wiese, Eur. Phys. J. A 25, 79 (2005)
Y. Ikeda, T. Hyodo, W. Wiese, Nucl. Phys. A 881, 98 (2012)
T. Mizutani, C. Fayard, B. Saghai, K. Tsushima, Phys. Rev. C 87, 035201 (2013)

Assumption: the contribution of the Born diagrams would be very moderate.

Next terms in hierarchy could play a relevant role in these channels!!!

à New precision era requires a better knowledge of higher order corrections

Vij = V WT

ij + V NLO

ij =) T = (1� V G)�1V =) Tij
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Only S-wave contribution is taken into account
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Experimental data employed in the fitting procedure
• Channels traditionally employed 

• Channels never previously employed 

Results:

• The model successfully reproduced the whole set of experimental data
• !"# → ! % reactions are very sensitive to the NLO corrections
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Vij = V WT

ij + V D

ij + V C

ij + V NLO

ij =) T = (1� V G)�1V =) Tij
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A. Ramos, A. Feijoo, V. Magas, Nucl. Phys. A  954, 58 (2016)

A new fit (with same set of experimental data) which includes the Born contributions was performed.

• The contribution of Born as important as the NLO one
Results:

• We reached a very good agreement with all the experimental data
the goodness of this fit is comparable to that of Phys. Rev. C 92, 015206 (2015),
but with very different parametrization:
dissimilar NLO coefficients (unexpected compared to similar models in literature)
more natural-sized subtraction constants (in accordance with similar models in literature)

Only S-wave contribution is taken into account
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The two models predict very different isospin contributions
➔ Isospin-filter observables are needed!



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

MB(B,U)
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• Leading order (LO)
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35

STRANEX: Recent progress and perspectives in STRANge EXotic atoms studies and related topics.
October 21 - 25, 2019, ECT* (Trento).

Prediction for Isospin filtering processes:
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Invariant mass distributions of !&'+ and ,- states
in -. → 0/2 ,-, 0/2 !' decays

J-Lab proposal for the secondary !" beam
Data from LHCb would be very useful to
constrain our models!



Formalism: Effective Chiral Lagrangian

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

MB(B,U)
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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
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• Leading order (LO)

• Weinberg-Tomozawa term (WT)

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

the pseudoscalar meson, 1.15!%&'( ≤ ! ≤ 1.22 !%&'(, !%&'(=93 MeV.

V WT
ij = �Cij

1

4f2
NiNj

�p
s�Mi �Mj

�
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Formalism: Effective Chiral Lagrangian

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

MB(B,U)
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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
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• Leading order (LO)

• Born terms 1 2

V D
ij = V D

ij (D,F )
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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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gA = D + F = 1.26
<latexit sha1_base64="ysQYFc0jC7lBIOhcike0JHy8l/Y=">AAAB7XicbZDLSsNAFIZP6q3WW9Wlm2ARBCEkRdRNoV4QlxXsBdpQJtPTdugkE2YmQgl9DF2JuvNlfAHfxmnNQlv/1Tfn/wfOf4KYM6Vd98vKLS2vrK7l1wsbm1vbO8XdvYYSiaRYp4IL2QqIQs4irGumObZiiSQMODaD0fXUbz6iVExED3ocox+SQcT6jBJtRp1B97Jyc3Jb8ZzyWbdYch13JnsRvAxKkKnWLX52eoImIUaacqJU23Nj7adEakY5TgqdRGFM6IgMsG0wIiEqP53tPLGP+kLaeoj27P07m5JQqXEYmExI9FDNe9Phf1470f0LP2VRnGiMqIkYr59wWwt7Wt3uMYlU87EBQiUzW9p0SCSh2hyoYOp782UXoVF2PNfx7k9L1avsEHk4gEM4Bg/OoQp3UIM6UIjhGd7g3RLWk/Vivf5Ec1b2Zx/+yPr4BkamjYQ=</latexit><latexit sha1_base64="ysQYFc0jC7lBIOhcike0JHy8l/Y=">AAAB7XicbZDLSsNAFIZP6q3WW9Wlm2ARBCEkRdRNoV4QlxXsBdpQJtPTdugkE2YmQgl9DF2JuvNlfAHfxmnNQlv/1Tfn/wfOf4KYM6Vd98vKLS2vrK7l1wsbm1vbO8XdvYYSiaRYp4IL2QqIQs4irGumObZiiSQMODaD0fXUbz6iVExED3ocox+SQcT6jBJtRp1B97Jyc3Jb8ZzyWbdYch13JnsRvAxKkKnWLX52eoImIUaacqJU23Nj7adEakY5TgqdRGFM6IgMsG0wIiEqP53tPLGP+kLaeoj27P07m5JQqXEYmExI9FDNe9Phf1470f0LP2VRnGiMqIkYr59wWwt7Wt3uMYlU87EBQiUzW9p0SCSh2hyoYOp782UXoVF2PNfx7k9L1avsEHk4gEM4Bg/OoQp3UIM6UIjhGd7g3RLWk/Vivf5Ec1b2Zx/+yPr4BkamjYQ=</latexit><latexit sha1_base64="ysQYFc0jC7lBIOhcike0JHy8l/Y=">AAAB7XicbZDLSsNAFIZP6q3WW9Wlm2ARBCEkRdRNoV4QlxXsBdpQJtPTdugkE2YmQgl9DF2JuvNlfAHfxmnNQlv/1Tfn/wfOf4KYM6Vd98vKLS2vrK7l1wsbm1vbO8XdvYYSiaRYp4IL2QqIQs4irGumObZiiSQMODaD0fXUbz6iVExED3ocox+SQcT6jBJtRp1B97Jyc3Jb8ZzyWbdYch13JnsRvAxKkKnWLX52eoImIUaacqJU23Nj7adEakY5TgqdRGFM6IgMsG0wIiEqP53tPLGP+kLaeoj27P07m5JQqXEYmExI9FDNe9Phf1470f0LP2VRnGiMqIkYr59wWwt7Wt3uMYlU87EBQiUzW9p0SCSh2hyoYOp782UXoVF2PNfx7k9L1avsEHk4gEM4Bg/OoQp3UIM6UIjhGd7g3RLWk/Vivf5Ec1b2Zx/+yPr4BkamjYQ=</latexit><latexit sha1_base64="igNIIXj664y3Gae0TWz7jfUX+FE=">AAAB03icbVBNT8JAFHzFL6yoePaykZh4Iq0XPZp48YiJBRJoyHZ5hQ27bbP7akIa7saLMf4t/4D/xgU5KDineTNzeDNJoaSlIPjyaju7e/sH9UP/qOEfn5w2G12bl0ZgJHKVm37CLSqZYUSSFPYLg1wnCnvJ7H7p957RWJlnTzQvMNZ8kslUCk5O6oyaraAdrMC2SbgmLVhj1PwcjnNRasxIKG7tIAwKiituSAqFC39YWiy4mPEJDhzNuEYbV6s3F+wyzQ2jKbLV/TtbcW3tXCcuozlN7aa3FP/zBiWlt3Els6IkzISLOC8tFaOcLduysTQoSM0d4cJI9yUTU264ILeJ79qHm123Sfe6HQbt8DGAOpzDBVxBCDdwBw/QgQgEjOEVPrzEe/Heflaqeeu5zuAPvPdvUZuH0w==</latexit><latexit sha1_base64="7myri0NJENaS5hIci3QqnU4H/ho=">AAAB4nicbVDNSsNAGPxS/2qtWr16WSyCIISkB/VSUBTxWMH+QBvKZvulXbrJht2NUEIfQ0+iPpAv4Nu4rT1o65zmm5nDNxOmgmvjeV9OYW19Y3OruF3aKe/u7VcOyi0tM8WwyaSQqhNSjYIn2DTcCOykCmkcCmyH45uZ335CpblMHs0kxSCmw4RHnFFjpd6wf12/Pbur+27tvF+peq43B1kl/oJUYYFGv/LZG0iWxZgYJqjWXd9LTZBTZTgTOC31Mo0pZWM6xK6lCY1RB/n85yk5iaQiZoRkfv/O5jTWehKHNhNTM9LL3kz8z+tmJroMcp6kmcGE2Yj1okwQI8msOhlwhcyIiSWUKW6/JGxEFWXGDlSy9f3lsqukVXN9z/UfPCjCERzDKfhwAVdwDw1oAoMUXuAdPhzpPDuvP0MVnMVih/AHzts3LeaMLA==</latexit><latexit sha1_base64="7myri0NJENaS5hIci3QqnU4H/ho=">AAAB4nicbVDNSsNAGPxS/2qtWr16WSyCIISkB/VSUBTxWMH+QBvKZvulXbrJht2NUEIfQ0+iPpAv4Nu4rT1o65zmm5nDNxOmgmvjeV9OYW19Y3OruF3aKe/u7VcOyi0tM8WwyaSQqhNSjYIn2DTcCOykCmkcCmyH45uZ335CpblMHs0kxSCmw4RHnFFjpd6wf12/Pbur+27tvF+peq43B1kl/oJUYYFGv/LZG0iWxZgYJqjWXd9LTZBTZTgTOC31Mo0pZWM6xK6lCY1RB/n85yk5iaQiZoRkfv/O5jTWehKHNhNTM9LL3kz8z+tmJroMcp6kmcGE2Yj1okwQI8msOhlwhcyIiSWUKW6/JGxEFWXGDlSy9f3lsqukVXN9z/UfPCjCERzDKfhwAVdwDw1oAoMUXuAdPhzpPDuvP0MVnMVih/AHzts3LeaMLA==</latexit><latexit sha1_base64="gcQk6r5EqnSYY0wOyvtyN/YmeOQ=">AAAB7XicbZDLSsNAFIZPvNZ6q7p0M1gEQQhJF+qmUC+Iywr2Am0ok+lJO3RyYWYilNDH0JWoO1/GF/BtnNYstPVffXP+f+D8x08EV9pxvqyl5ZXVtfXCRnFza3tnt7S331RxKhk2WCxi2fapQsEjbGiuBbYTiTT0Bbb80fXUbz2iVDyOHvQ4QS+kg4gHnFFtRt1B77J6c3pbde3KWa9UdmxnJrIIbg5lyFXvlT67/ZilIUaaCapUx3US7WVUas4ETordVGFC2YgOsGMwoiEqL5vtPCHHQSyJHiKZvX9nMxoqNQ59kwmpHqp5bzr8z+ukOrjwMh4lqcaImYjxglQQHZNpddLnEpkWYwOUSW62JGxIJWXaHKho6rvzZRehWbFdx3bvnXLtKj9EAQ7hCE7AhXOowR3UoQEMEniGN3i3YuvJerFef6JLVv7nAP7I+vgGRWaNgA==</latexit><latexit sha1_base64="ysQYFc0jC7lBIOhcike0JHy8l/Y=">AAAB7XicbZDLSsNAFIZP6q3WW9Wlm2ARBCEkRdRNoV4QlxXsBdpQJtPTdugkE2YmQgl9DF2JuvNlfAHfxmnNQlv/1Tfn/wfOf4KYM6Vd98vKLS2vrK7l1wsbm1vbO8XdvYYSiaRYp4IL2QqIQs4irGumObZiiSQMODaD0fXUbz6iVExED3ocox+SQcT6jBJtRp1B97Jyc3Jb8ZzyWbdYch13JnsRvAxKkKnWLX52eoImIUaacqJU23Nj7adEakY5TgqdRGFM6IgMsG0wIiEqP53tPLGP+kLaeoj27P07m5JQqXEYmExI9FDNe9Phf1470f0LP2VRnGiMqIkYr59wWwt7Wt3uMYlU87EBQiUzW9p0SCSh2hyoYOp782UXoVF2PNfx7k9L1avsEHk4gEM4Bg/OoQp3UIM6UIjhGd7g3RLWk/Vivf5Ec1b2Zx/+yPr4BkamjYQ=</latexit><latexit sha1_base64="ysQYFc0jC7lBIOhcike0JHy8l/Y=">AAAB7XicbZDLSsNAFIZP6q3WW9Wlm2ARBCEkRdRNoV4QlxXsBdpQJtPTdugkE2YmQgl9DF2JuvNlfAHfxmnNQlv/1Tfn/wfOf4KYM6Vd98vKLS2vrK7l1wsbm1vbO8XdvYYSiaRYp4IL2QqIQs4irGumObZiiSQMODaD0fXUbz6iVExED3ocox+SQcT6jBJtRp1B97Jyc3Jb8ZzyWbdYch13JnsRvAxKkKnWLX52eoImIUaacqJU23Nj7adEakY5TgqdRGFM6IgMsG0wIiEqP53tPLGP+kLaeoj27P07m5JQqXEYmExI9FDNe9Phf1470f0LP2VRnGiMqIkYr59wWwt7Wt3uMYlU87EBQiUzW9p0SCSh2hyoYOp782UXoVF2PNfx7k9L1avsEHk4gEM4Bg/OoQp3UIM6UIjhGd7g3RLWk/Vivf5Ec1b2Zx/+yPr4BkamjYQ=</latexit><latexit sha1_base64="ysQYFc0jC7lBIOhcike0JHy8l/Y=">AAAB7XicbZDLSsNAFIZP6q3WW9Wlm2ARBCEkRdRNoV4QlxXsBdpQJtPTdugkE2YmQgl9DF2JuvNlfAHfxmnNQlv/1Tfn/wfOf4KYM6Vd98vKLS2vrK7l1wsbm1vbO8XdvYYSiaRYp4IL2QqIQs4irGumObZiiSQMODaD0fXUbz6iVExED3ocox+SQcT6jBJtRp1B97Jyc3Jb8ZzyWbdYch13JnsRvAxKkKnWLX52eoImIUaacqJU23Nj7adEakY5TgqdRGFM6IgMsG0wIiEqP53tPLGP+kLaeoj27P07m5JQqXEYmExI9FDNe9Phf1470f0LP2VRnGiMqIkYr59wWwt7Wt3uMYlU87EBQiUzW9p0SCSh2hyoYOp782UXoVF2PNfx7k9L1avsEHk4gEM4Bg/OoQp3UIM6UIjhGd7g3RLWk/Vivf5Ec1b2Zx/+yPr4BkamjYQ=</latexit><latexit sha1_base64="ysQYFc0jC7lBIOhcike0JHy8l/Y=">AAAB7XicbZDLSsNAFIZP6q3WW9Wlm2ARBCEkRdRNoV4QlxXsBdpQJtPTdugkE2YmQgl9DF2JuvNlfAHfxmnNQlv/1Tfn/wfOf4KYM6Vd98vKLS2vrK7l1wsbm1vbO8XdvYYSiaRYp4IL2QqIQs4irGumObZiiSQMODaD0fXUbz6iVExED3ocox+SQcT6jBJtRp1B97Jyc3Jb8ZzyWbdYch13JnsRvAxKkKnWLX52eoImIUaacqJU23Nj7adEakY5TgqdRGFM6IgMsG0wIiEqP53tPLGP+kLaeoj27P07m5JQqXEYmExI9FDNe9Phf1470f0LP2VRnGiMqIkYr59wWwt7Wt3uMYlU87EBQiUzW9p0SCSh2hyoYOp782UXoVF2PNfx7k9L1avsEHk4gEM4Bg/OoQp3UIM6UIjhGd7g3RLWk/Vivf5Ec1b2Zx/+yPr4BkamjYQ=</latexit><latexit sha1_base64="ysQYFc0jC7lBIOhcike0JHy8l/Y=">AAAB7XicbZDLSsNAFIZP6q3WW9Wlm2ARBCEkRdRNoV4QlxXsBdpQJtPTdugkE2YmQgl9DF2JuvNlfAHfxmnNQlv/1Tfn/wfOf4KYM6Vd98vKLS2vrK7l1wsbm1vbO8XdvYYSiaRYp4IL2QqIQs4irGumObZiiSQMODaD0fXUbz6iVExED3ocox+SQcT6jBJtRp1B97Jyc3Jb8ZzyWbdYch13JnsRvAxKkKnWLX52eoImIUaacqJU23Nj7adEakY5TgqdRGFM6IgMsG0wIiEqP53tPLGP+kLaeoj27P07m5JQqXEYmExI9FDNe9Phf1470f0LP2VRnGiMqIkYr59wWwt7Wt3uMYlU87EBQiUzW9p0SCSh2hyoYOp782UXoVF2PNfx7k9L1avsEHk4gEM4Bg/OoQp3UIM6UIjhGd7g3RLWk/Vivf5Ec1b2Zx/+yPr4BkamjYQ=</latexit><latexit sha1_base64="ysQYFc0jC7lBIOhcike0JHy8l/Y=">AAAB7XicbZDLSsNAFIZP6q3WW9Wlm2ARBCEkRdRNoV4QlxXsBdpQJtPTdugkE2YmQgl9DF2JuvNlfAHfxmnNQlv/1Tfn/wfOf4KYM6Vd98vKLS2vrK7l1wsbm1vbO8XdvYYSiaRYp4IL2QqIQs4irGumObZiiSQMODaD0fXUbz6iVExED3ocox+SQcT6jBJtRp1B97Jyc3Jb8ZzyWbdYch13JnsRvAxKkKnWLX52eoImIUaacqJU23Nj7adEakY5TgqdRGFM6IgMsG0wIiEqP53tPLGP+kLaeoj27P07m5JQqXEYmExI9FDNe9Phf1470f0LP2VRnGiMqIkYr59wWwt7Wt3uMYlU87EBQiUzW9p0SCSh2hyoYOp782UXoVF2PNfx7k9L1avsEHk4gEM4Bg/OoQp3UIM6UIjhGd7g3RLWk/Vivf5Ec1b2Zx/+yPr4BkamjYQ=</latexit>
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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>

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

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

µ, B]}i+
d2hB̄[uµ, [u

µ, B]]i+ d3hB̄uµihuµBi+ d4hB̄Bihuµuµi
<latexit sha1_base64="h2SH86POUZOAMOPvQOXxumWGq4Y="></latexit><latexit sha1_base64="h2SH86POUZOAMOPvQOXxumWGq4Y="></latexit><latexit sha1_base64="h2SH86POUZOAMOPvQOXxumWGq4Y="></latexit><latexit sha1_base64="h2SH86POUZOAMOPvQOXxumWGq4Y="></latexit>

b0, bD, bF , d1, d2, d3, d4
<latexit sha1_base64="Cui+EeLPZwhZGgtrl88KnL+fSyo=">AAACBnicdVDLSgMxFM3UV62vqks3wSK4KCUzHdq6KyrisoJ9QDsMmTRtQzMPkoxQSvf6M7oSdecH+AP+jUmtoKJncTi551zIPUHCmVQIvVuZpeWV1bXsem5jc2t7J7+715JxKghtkpjHohNgSTmLaFMxxWknERSHAaftYHxm/PYNFZLF0bWaJNQL8TBiA0aw0iM/Xwh8VISBf27oogj7vm3IMVQ25OZyOoVKJ7WK41YgKiFUtR3bCKfqll1o64lBASzQ8PNvvX5M0pBGinAsZddGifKmWChGOJ3leqmkCSZjPKRdLSMcUulN58fM4NEgFlCNKJy/v2enOJRyEgY6E2I1kr89M/zL66ZqUPOmLEpSRSOiI9obpByqGJpOYJ8JShSfaIGJYPqXkIywwETp5sz5XzfC/0XLKdmoZF+5hfrpoogsOACH4BjYoArq4BI0QBMQcAcewDN4sW6te+vRevqMZqzFzj74Aev1A30MlI8=</latexit><latexit sha1_base64="Cui+EeLPZwhZGgtrl88KnL+fSyo=">AAACBnicdVDLSgMxFM3UV62vqks3wSK4KCUzHdq6KyrisoJ9QDsMmTRtQzMPkoxQSvf6M7oSdecH+AP+jUmtoKJncTi551zIPUHCmVQIvVuZpeWV1bXsem5jc2t7J7+715JxKghtkpjHohNgSTmLaFMxxWknERSHAaftYHxm/PYNFZLF0bWaJNQL8TBiA0aw0iM/Xwh8VISBf27oogj7vm3IMVQ25OZyOoVKJ7WK41YgKiFUtR3bCKfqll1o64lBASzQ8PNvvX5M0pBGinAsZddGifKmWChGOJ3leqmkCSZjPKRdLSMcUulN58fM4NEgFlCNKJy/v2enOJRyEgY6E2I1kr89M/zL66ZqUPOmLEpSRSOiI9obpByqGJpOYJ8JShSfaIGJYPqXkIywwETp5sz5XzfC/0XLKdmoZF+5hfrpoogsOACH4BjYoArq4BI0QBMQcAcewDN4sW6te+vRevqMZqzFzj74Aev1A30MlI8=</latexit><latexit sha1_base64="Cui+EeLPZwhZGgtrl88KnL+fSyo=">AAACBnicdVDLSgMxFM3UV62vqks3wSK4KCUzHdq6KyrisoJ9QDsMmTRtQzMPkoxQSvf6M7oSdecH+AP+jUmtoKJncTi551zIPUHCmVQIvVuZpeWV1bXsem5jc2t7J7+715JxKghtkpjHohNgSTmLaFMxxWknERSHAaftYHxm/PYNFZLF0bWaJNQL8TBiA0aw0iM/Xwh8VISBf27oogj7vm3IMVQ25OZyOoVKJ7WK41YgKiFUtR3bCKfqll1o64lBASzQ8PNvvX5M0pBGinAsZddGifKmWChGOJ3leqmkCSZjPKRdLSMcUulN58fM4NEgFlCNKJy/v2enOJRyEgY6E2I1kr89M/zL66ZqUPOmLEpSRSOiI9obpByqGJpOYJ8JShSfaIGJYPqXkIywwETp5sz5XzfC/0XLKdmoZF+5hfrpoogsOACH4BjYoArq4BI0QBMQcAcewDN4sW6te+vRevqMZqzFzj74Aev1A30MlI8=</latexit><latexit sha1_base64="Cui+EeLPZwhZGgtrl88KnL+fSyo=">AAACBnicdVDLSgMxFM3UV62vqks3wSK4KCUzHdq6KyrisoJ9QDsMmTRtQzMPkoxQSvf6M7oSdecH+AP+jUmtoKJncTi551zIPUHCmVQIvVuZpeWV1bXsem5jc2t7J7+715JxKghtkpjHohNgSTmLaFMxxWknERSHAaftYHxm/PYNFZLF0bWaJNQL8TBiA0aw0iM/Xwh8VISBf27oogj7vm3IMVQ25OZyOoVKJ7WK41YgKiFUtR3bCKfqll1o64lBASzQ8PNvvX5M0pBGinAsZddGifKmWChGOJ3leqmkCSZjPKRdLSMcUulN58fM4NEgFlCNKJy/v2enOJRyEgY6E2I1kr89M/zL66ZqUPOmLEpSRSOiI9obpByqGJpOYJ8JShSfaIGJYPqXkIywwETp5sz5XzfC/0XLKdmoZF+5hfrpoogsOACH4BjYoArq4BI0QBMQcAcewDN4sW6te+vRevqMZqzFzj74Aev1A30MlI8=</latexit>
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#
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Dij = Dij(b0, bD, bF ) Lij = Lij(d1, d2, d3, d4)
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are not well established, so they should be treated as 
parameters of the model!
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Formalism: Effective Chiral Lagrangian

Finally:

Vij = VWT

ij +VD
ij +VC

ij +VNLO

ij =) T = (1�VG)�1V =) Tij
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Fitting parameters:

• Decay constant !

• 6 subtracting constants "#$%, "&', "&(, ")', ")(, "$*

• 7 coefficients of the NLO lagrangian terms   +,, +. , +/, 01, 02, 03, 04

• Axial vector couplings D, F
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Goals and motivation

1. Find a more reliable set of parameters of the Chiral Effective Lagrangian, paying special
attention to the NLO coefficients, by fitting to the existing data.

2. Reproduction of the experimental data:

3. Give predictions for new/not measured observables from the different parametrizations
obtained.
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� =
�(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)

0.1 Data treatment and fits

[1] B. Borasoy, R. Nissler and W. Weise, Eur. Phys. J. A 25, 79 (2005)

[2] J. A. Oller, Eur. Phys. J. A 28, 63 (2006)

[3] B. Borasoy, U.-G. Meissner and R. Nissler, Phys. Rev. C 74, 055201 (2006)

[4] Y. Ikeda, T. Hyodo and W. Weise, Nucl. Phys. A 881, 98 (2012)

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

[6] A. Feijoo, V. K. Magas and A. Ramos, arXiv:1502.07956 [nucl-th]

[7] K. Nakayama, Y. Oh and H. Haberzettl, Phys. Rev. C 74, 035205 (2006)

[8] J. K. S. Man, Y. Oh and K. Nakayama, Phys. Rev. C 83, 055201 (2011)

[9] D. A. Sharov, V. L. Korotkikh and D. E. Lanskoy, Eur. Phys. J. A 47, 109 (2011)

[10] R. Shyam, O. Scholten and A. W. Thomas, Phys. Rev. C 84, 042201 (2011)

[11] B. C. Jackson, H. Haberzettl, Y. Oh and K. Nakayama, EPJ Web Conf. 81, 05015
(2014)

Branching ratios:

Energy shift and width of the kaonic
hydrogen :
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Isospin filtering processes: New Fits

Vij = V WT

ij + V D

ij + V C

ij + V NLO

ij =) T = (1� V G)�1V =) Tij
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2 new fits were performed:

Observable Points Observable Points

�K�p!K�p 23 �K�p!K̄0n 9

�K�p!⇡0⇤ 3 �K�p!⇡0⌃0 3

�K�p!⇡�⌃+ 20 �K�p!⇡+⌃� 28

�K�p!⌘⌃0 9 �K�p!⌘⇤ 49

�K�p!K+⌅� 46 �K�p!K0⌅0 29

� 1 �E1s 1

Rn 1 �1s 1

Rc 1
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• Unitarized scattering amplitude from Chiral Lagrangian
(WT+Born+NLO)

• Unitarized scattering amplitude from Chiral Lagrangian complemented with 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 +, threshold.

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) 



Isospin filtering processes: Inclusion of Hyperonic resonances

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 !"# ⟶ !% reactions: 

Only for !"# ⟶ &' reaction: 

K )′+ ,  η )′+-" )+

p .+ Ξ .0+ , Λ .0+

23, 53

673!, 6'3&6839!

Y= ' :;<= , > ?=@= , > ??A=
9!8 ⟶ 3⟶ !%, &'

' :;<= , BC = E
F
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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:

⇤,⌃,⌃(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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set was found as the relevant one to reproduce the experimental data, consisting of:
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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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The Chiral SU(3) lagrangian extended to next-to-leading order (NLO) in the framework of coupled-
channels has been used to study the meson-baryon interaction in S-wave in the strangeness S = �1
sector. A large set of experimental data in di↵erent two-body channels has been employed to fit the
low energy constants of the lagrangian, paying special attention to the K̄N ! K⌅ reaction, which
is particularly sensitive to the NLO terms. The reproduction of the structures present in the cross
sections of the K⌅ channels, as well as their di↵erential cross sections, has been improved by taking
into account the high spin hyperonic resonances by means of a phenomenological model.
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X stands for the spinor structure of a baryon with spin s and where we have included a form
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Isospin filtering processes: Results

Total cross sections:



Isospin filtering processes: Results

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
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Observables at threshold (Branching ratios, shift and width of the 1S kaonic hydrogen…):

Pole content of the WT+Born+NLO fit:



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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Isospin filtering processes

46

Scenarios consisting of processes which filter isospin could provide more constraints in
order to get more reliable values of NLO coefficients.

• Inclusion of the experimental data from !", !#$ channels in the fitting procedure,
pure % = $ and % = ' processes respectively.
Until now the scattering data used in the fits come from:

• J-Lab proposal for the secondary () beam for the reaction ()
$* ⟶ (,-$, pure % = '

process.
A. Ramos, A. Feijoo, V. Magas, Nucl. Phys. A 954, 58 (2016).

K�p ! ⇡�⌃+,⇡0⌃0,⇡+⌃�, K̄0n,K�p,⇡0⇤,K0⌅0,K+⌅�
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Isospin filtering processes

47

Prediction for !"#$ ⟶ !&'# reaction (pure ( = 1 process):

Phys. Rev. C 92, 015206 (2015) 

Nucl. Phys. A  954, 58 (2016)



Isospin filtering processes
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Scenarios consisting of processes which filter isospin could provide more constraints in
order to get more reliable values of NLO coefficients.

• Inclusion of the experimental data from !", !#$ channels in the fitting procedure,
pure % = $ and % = ' processes respectively.
Until now the scattering data used in the fits come from:

• J-Lab proposal for the secondary () beam for the reaction ()
$* ⟶ (,-$, pure % = '

process.
A. Ramos, A. Feijoo, V. Magas, Nucl. Phys. A 954, 58 (2016).

K�p ! ⇡�⌃+,⇡0⌃0,⇡+⌃�, K̄0n,K�p,⇡0⇤,K0⌅0,K+⌅�
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• ". ⟶ //1 !", //1 (3 decay, pure % = $ process.
A. Feijoo, V. Magas, A. Ramos, E. Oset, Phys. Rev. D 92, 076015 (2015).
Roca, Mai, Oset and Meissner, Eur. Phys. J. C 75, no. 5, 218 (2015).



Production mechanism of a meson-baryon pair from the !" weak decay

b

u

d

c c̄

W

s

ūu + d̄d + s̄s

u

d

Weak decay Hadronization

#/%

&'

Weak decay

Roca,  Mai, Oset and Meissner, Eur. Phys. J. C 75, no. 5, 218   (2015) !" → )/* +,

| ⟩!" = 0
1 | ⟩2 34 − 43 1

2
| ⟩8 34 − 43

Cabibbo favored weak
transition
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Production mechanism of a meson-baryon pair from the !" weak decay

1
2
| ⟩' () − )(

1
2
+ ,' -(( + )̅) + '̅' () − )( =

|12 ⟩3 + |415 ⟩6 +
2
3
|8 ⟩Λ

|1∗2 ⟩3 + |41∗5 ⟩6 −
2
3
| ⟩;Λ

(=> )

(@> )

A= = B/D2, F/D2
b

u

d
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s
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d

Weak decay Hadronization

A/G

M>HI

Weak
decay

Hadronizatio
n
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Production mechanism of a meson-baryon pair from the !" weak decay

• The b-quark and #$ have I=0, therefore ud quark pair has I=0
• We assume that u and d quarks act as spectators
• After the weak decay the combination of ud with s can only form # (I=0) states
R. Aaij. et al. [LHCb Collaboration], Phys. Rev. Lett. 115 072001 (2015).

b
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d
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s
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n

) = 0

) = 0

) = 0
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!" → $/& '!, $/& () decays: Transition amplitude

• The *+ factor absorbs the CKM matrix elements and the kinematic prefactors

Unknown overall factor              Arbitrary units
Taken as a constant value
Feijoo, Magas, Ramos, Oset: Phys.Rev. D92 (2015) no.7, 076015,

Erratum: Phys.Rev. D95 (2017) no.3, 039905

52

M(MMB ,MJ/ B) = Vp

h
hMB +

X

i

hiGi(MMB)ti,�B(MMB)
i
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!" → $/& '!, $/& () decays: Transition amplitude

53

M(MMB ,MJ/ B) = Vp

h
hMB +

X

i

hiGi(MMB)ti,�B(MMB)
i
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• *+ weights of the final meson-baryon states in the flavor wave function

h⇡0⌃0 = h⇡+⌃� = h⇡�⌃+ = hK+⌅� = hK0⌅0 = 0 ,

hK�p = hK̄0n = 1 , h⌘⇤ = �
p
2
3



!" → $/& '!, $/& () decays: Transition amplitude
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M(MMB ,MJ/ B) = Vp

h
hMB +

X

i

hiGi(MMB)ti,�B(MMB)
i
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• Meson-Baryon loop function *+ (, = (./, 0(12, '!)

46 Chiral unitary approach

forward, because the former is an integral equation which involves an integral over the

four-momentum of the intermediate meson-baryon system. Fortunately, it has been

shown [20] that the interaction kernel can be conveniently splitted into its on-shell

contribution and the corresponding o↵-shell one. The o↵-shell part of the interaction

kernel gives rise to a tadpole-type diagram, which can be reabsorbed into renormaliza-

tion of couplings and masses and could, hence, be omitted from the calculation. This

procedure permits factorizing Vil and Tlj out of the integral equation, leaving a simple

system of algebraic equations to be solved, which, in matrix form reads:

T = (1 � V G)�1V, (1.69)

where the loop function G stands for a diagonal matrix with elements:

Gl = i

Z
d4ql

(2⇡)4
2Ml

(P � ql)
2 � M2

l
+ i✏

1

q2
l
� m2

l
+ i✏

, (1.70)

where Ml and ml are the baryon and meson masses of the “l” channel. The loop

function diverges logarithmically and needs to be regularized. We apply dimensional

regularization, which gives:

Gl =
2Ml

(4⇡)2

(
al(µ) + ln

M2
l

µ2
+

m2
l
� M2

l
+ s

2s
ln

m2
l

M2
l

+

qcmp
s
ln


(s + 2

p
sqcm)2 � (M2

l
� m2

l
)2

(s � 2
p

sqcm)2 � (M2
l

� m2
l
)2

�)
. (1.71)

The loop functions Gl depend, for a given dimensional regularization scale µ which is

taken to be 1 GeV in our particular case, on the subtraction constants al. These are

unknown parameters that will be fitted to the experimental data. However, isospin

• Scattering amplitude 3+,56 from:

WT+NLO Phys. Rev. C 92, 015206 (2015)
WT+Born+NLO new fit



!" → $/& '!, $/& () decays : double differential cross-section and predictions

Fixing the invariant mass *+, and integrating over *-/.,:  

55

d2�

dMMBdMJ/ B
=

1

(2⇡)3
4M⇤bMB

32M3
⇤b

X
|M(MMB ,MJ/ B)|22MMB2MJ/ B

<latexit sha1_base64="QiVheuIJ5MtVOIs0JLPBw8ST5SU="></latexit><latexit sha1_base64="QiVheuIJ5MtVOIs0JLPBw8ST5SU="></latexit><latexit sha1_base64="QiVheuIJ5MtVOIs0JLPBw8ST5SU="></latexit><latexit sha1_base64="QiVheuIJ5MtVOIs0JLPBw8ST5SU="></latexit>

1800 1950 2100 2250 2400 2550
M

KΞ
  [MeV]

0

1

2

3

4

5

6

7

8

d
Γ

/d
M

K
Ξ
  

 [
a
rb

. 
u

n
it

s]

K
+
Ξ

-
 WT+Born+NLO ( x10 )

PS WT+Born+NLO ( x10 ) 

K
+
Ξ

-
 WT+NLO [30]

PS WT+NLO [30]

1650 1800 1950 2100 2250 2400 2550
M

ηΛ
  [MeV]

0

5

10

15

20

25

30

35

d
Γ

/d
M

η
Λ
  

 [
a
rb

. 
u

n
it

s]

ηΛ WT+Born+NLO

PS WT+Born+NLO

ηΛ WT+NLO [30]

PS WT+NLO [30]

1800 1950 2100 2250 2400 2550
M

KΞ
  [MeV]

0

1

2

3

4

5

6

7

8

d
Γ

/d
M

K
Ξ
  
 [

a
rb

. 
u
n
it

s]

K
+
Ξ

-
 WT+Born+NLO ( x10 )

PS WT+Born+NLO ( x10 ) 

K
+
Ξ

-
 WT+NLO [30]

PS WT+NLO [30]

1650 1800 1950 2100 2250 2400 2550
M

ηΛ
  [MeV]

0

5

10

15

20

25

30

35

d
Γ

/d
M

η
Λ
  
 [

a
rb

. 
u
n
it

s]

ηΛ WT+Born+NLO

PS WT+Born+NLO

ηΛ WT+NLO [30]

PS WT+NLO [30]

Promising data from LHCb would be very useful to constrain our models!



CONCLUSIONS

• Chiral Perturbation Theory with unitarization in coupled channels is a very powerful 
technique to describe low energy hadron dynamics.

• The !"# ⟶ "% channels are very sensitive to the  NLO terms of the lagrangian as well 
as to the Born terms, so they provide more reliable values of the NLO parameters.  

• Models for the !"# interaction that fit the scattering data equally well have very different 
isospin decomposition. Therefore, experimental data from processes which filter 
isospin have been shown to be very helpful to reproduce properly the whole 
meson-baryon channels of the S=-1  sector and to constrain the fitting 
parameters. 
"&'( ⟶ ")%'(J-Lab)
*+⟶ ,/. /*, ,/. "% (LHCb?)

• Addition of resonant terms in the scattering amplitude could play a significant role in the 
!"# ⟶ "%, /* reactions giving a significantly better agreement with experimental data.  
Their inclusion is also a helpful tool to study the stability of the NLO parameters. 56



WT+Born+NLO
Considering !"# ⟶ %&, %'( scattering data in the fit
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CONCLUSIONS
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• Chiral Perturbation Theory with unitarization in coupled channels is a very 
powerful technique to describe low energy hadron dynamics.

• The !"#⟶"% channels are very sensitive to the  NLO terms of the lagrangian as 
well as to the Born terms, so they provide more reliable values of the NLO 
parameters. 

• Models for the !"# interaction that fit the scattering data equally well have very 
different isospin decomposition. Therefore, experimental data from processes 
which filter isospin have been shown to be very helpful to reproduce properly the 
whole meson-baryon channels of the S=-1  sector and to constrain the fitting 
parameters. 
"&'(⟶ ")%'(J-Lab)
*+⟶ ,/./*, ,/."% (LHCb?)

• Addition of resonant terms in the scattering amplitude could play a significant role 
in the !"#⟶"%,/* reactions giving a significantly better agreement with 
experimental data.  


