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which is based on effective Lagrangian with hadron d.o.f., 
which respects the symmetries of QCD,  
in particular chiral symmetry 

Perturbative QCD, with quark and gluon d.o.f.,  

works well at high energies and high momentum transfers,  

but fails to describe dynamics of hadrons at low energies  
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Unitary extension of Chiral Perturbation Theory 

The pioneering work  --  Kaiser, Siegel, Weise , NP A594 (1995) 325 
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System of the 

algebraic  equations 

Lippmann-Schwinger equation 

On shell factorization 

Vij - interaction kernel to be taken from the chiral Lagrangian  



Loop function 



Taking into account isospin symmetry:  

6 PARAMETERS! 

Substraction contants 

S=-1 channel  there are 10 channels   
                    10 corresponding  subtracting constants  



Recent experimental advances 

These measurements allowed us to clarify the discrepancies between KEK and DEAR results for the 

kaonic hydrogen shift and width of the ground state. 

• The SIDDHARTA collaboration at DAΦNE collider has determined the most precise values of shift 

and width of the 1s state of the  kaonic hydrogen induced by the strong interaction.  
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Chiral meson-baryon effective Lagrangian at NLO 



FORMALISM  

Effective Chiral Lagrangian up to LO 
 

• WT, lowest order term 

At low energies 

The only model parameter is pion decay constant, f  
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• NLO, next – to – leading order term  

FORMALISM  

Effective Chiral Lagrangian up to NLO 
 

7 new parameters to be fixed: 
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Experimental data 

- Cross sections for different channels 

- Branching ratios 



These are particularly interesting for us, because 

                       channels are very sensitive to  

the NLO terms in the Lagrangian 

Also these channels are not included in the other fits! 
B. Borasoy, R. Nißler, W. Wiese, Eur. Phys. J. A25 (2005) 79 

Y. Ikeda, T. Hyodo, W. Wiese, Phys. Lett. B706 (2011) 63; Nucl. Phys. A881 (2012) 98 

Z.-H. Guo, J.A. Oller,  Phys. Rev. C87 (2013) 035202 

M. Mai, U.G. Meissner, Nucl. Phys. A900 (2013) 51 

But studied in phenomenological model of  
D. A. Sharov, V. L. Korotkikh, D. E. Lanskoy, Eur. Phys. J. A47 (2011)  109 
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Fitting parameters 1 





- Missing contribution from the heavy high spin resonances 

Y
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Sharov, Korotkikh, Lanskoy, EPJ A47 (11)  109:  

trying different combinations, the author conclude that 

Σ(2030) and Σ(2250) give the better fit to the data 



Y
  

Inclusion of hyperonic resonances in 



Y
  

Inclusion of hyperonic resonances in 



Y
  

Finally, the scattering amplitudes related to the resonances can be obtained in 
the following way : 

Note that a form factor  has been included in each vertex of the diagram, we 
chose exponential form factor due to the high dependence in momentum of the 
scattering amplitudes. 

Inclusion of hyperonic resonances in 



 Fitting parameters: 

Inclusion of hyperonic resonances in 
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• Branching ratios 



Fitting parameters 2 
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Production of Ξ in nuclei: (K-,K+) reaction on nuclear targets 

• These reaction may inform us about the size of the  
                                            Ξ optical potential in the nucleus 

• They are employed to produce Ξ hypernuclei and  
                                                              double Λ hypernuclei 



Production of Ξ in nuclei: (K-,K+) reaction on nuclear targets 
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Production of Ξ in nuclei: (K-,K+) reaction on nuclear targets 
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Forward reaction: 

ISI – eikonal approximation 

FSI – eikonal approximation 

where 



Production of Ξ in nuclei: (K-,K+) reaction on nuclear targets 
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No sensitivity to  

Cascade potential 
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Ξ-hypernuclei production 

We add the condition:  Eext < 0 
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Conclusions 

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

Next – to – leading order calculations are now possible 

                                    are very interesting and important  
for fitting NLO parameters 

NLO terms in the Lagrangian do improve  
                                       agreement with data 

Work in progress… 

Our results can be useful to study Ξ-hypernuclei production 
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Boost in unitary extensions of chiral perturbation theory  

Jones, Dalitz and Horgan, Nucl. Phys. B129 (1977) 45 –  
                                                          Λ(1405) is dynamical generated 

1995-2003: Kaiser, Oset, Ramos, Oller, Meissner, Jido,  

Hosaka, Garcia-Recio, Vicente Vacas 

Λ(1405) as a dynamically generated resonance 
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Λ(1405) as a dynamically generated resonance 

Surprisingly there are two poles in the neighborhood  

of the Lambda(1405) both contributing to the final  

experimental invariant mass distribution  

Mass ~ 1390 MeV 
Width ~ 130 MeV 

Mass ~ 1425 MeV 
Width ~ 30 MeV 



  0Kp

000  pK

The observed shapes are in good agreement with  
corresponding chiral unitarity model calculations: 

This combined study gives the first experimental  

evidence of the two-pole nature of the Λ(1405) 

Λ(1405) as a dynamically generated resonance 



  0Kp

Crystall Ball Collaboration data from  
000  pK

versus 

Thomas et al., NP B 56 (1973)  15  

(Width ~ 60 MeV) 

(Width ~ 38 MeV) 



Fine-tuning of the model 


