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 Introduction:  two-pole structure and the                state

• Two-pole structure:  

Oller, Meißner, PLB500(2001)263;    
Jido, Oller, Oset, Ramos, Meißner, NPA725(2003)181
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1390+66 i,
couples strongly  

1426+16 i,
couples strongly  

Pseudoscar meson – baryon(    ) 
interaction in               sector, from 
LO of  chiral Lagrangians. 

Meißner, Symmetry 12(2020)981;    
Mai, Eur.Phys.J.ST 230 (2021)1593.

Detailed review papers: 

Other two-pole states: 
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 Introduction:  two-pole structure and the                state
• Two states of Ξ(1820) Sarkar, Oset, Vicente Vacas, NPA750(2005)294;

Molina, WHL, Xiao, Sun, Oset, PLB856(2024) 138872.The work of Λ(1405) was extended to 
pseudoscar meson – baryon(     ) interaction.

Transition potential:  

Bethe-Salpeter (BS) equation:  

Two poles correspond to Ξ(1820).

Four coupled channels :  
[1878] [1669] [2078] [2165]
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 Reactions testing the two states of Ξ(1820):

 New results from BESIII

BESIII, PRD109(2024)072008;


PDG estimate: 

One or two states for Ξ(1820)?

The width of Ξ(1820) is much bigger, and incompatible with that of PDG! 



 Reactions testing the two states of Ξ(1820)

 Two states of Ξ(1820) in 

 The first test 
The amplitude is of the type 

The invariant mass distribution: 

Back ground: 
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with W and C arbitrary weights.

 The second test 

R1, the narrower Ξ(1820) 
state with lower mass.

R2, the wider Ξ(1820) 
state with higher mass.

Adjust the coefficients A and B to fit the data.



 Reactions testing the two states of Ξ(1820):

 Two states of Ξ(1820) in 
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the second test the first test 

 Same background in
the two test cases.

 The coefficients 𝐴𝐴 
and 𝐵𝐵 are found to
have about the same
strength.

 A fair description of the data is obtained, supporting the two states of Ξ(1820).

 Mostly the narrow resonance at 1824 MeV shows up, with the wider resonance providing strength
in the higher energy region.



 Reactions testing the two states of Ξ(1820):
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

with a threshold ~1880 MeV

Coupled channels: 

The mechanism for                                      : 

tree level rescattering of the meson-baryon 
coupled channels



 Reactions testing the two states of Ξ(1820):
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2-body scattering amplitudes

:

The decay amplitude for                                      : 



 Reactions testing the two states of Ξ(1820):
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The mass distribution for                                                           : 



 Reactions testing the two states of Ξ(1820):
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 There is destructive interference of the tree
level and the two Ξ(1820) states.

 The actual mass distribution differs
appreciably from phase space.

 The excess of strength above 1900 MeV is
due to the wide Ξ(1820) state with higher
mass.

The proposed reaction is particularly suited to show the effect of the higher Ξ(1820) state.

 The phase space for production
reduces the effect of the lower mass
Ξ(1820).



 Reactions testing the two states of Ξ(1820):
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single Cabibbo suppressed

Hadronization:



 Reactions testing the two states of Ξ(1820):
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(with tree level) 

(with tree level) 

We have 6 possible reactions: 
.

where the first meson corresponds to the
external one of the weak vertex and the second
one to the final state.

with a threshold ~1670 MeV
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 Reactions testing the two states of Ξ(1820):

The mass distribution for the final



 Reactions testing the two states of Ξ(1820):
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 The shapes of the mass distributions for the reactions are different from each other.

 In common: there is a dip in the mass distribution around 1850 MeV, due to the destructive
interference of the two resonances.

 The reactions without tree level contribution, show more clearly the effect of the two Ξ(1820) state.



 Summary

16Thank you for your attention!

 The chiral unitary approach for the interaction of pseudoscalar mesons with the baryons of the
decuplet predicts two states for the Ξ(1820), one at 1824 MeV with a width of 62 MeV, and a
second one at 1875 MeV with a large width of 260 MeV.

 With the contribution of the two Ξ(1820) states, a fair description of the BESIII data for the
decay is obtained, supporting the two-pole structure of the Ξ(1820) state.

 We propose the reaction to show evidence for the existence of
two Ξ(1820) states. The phase space for production reduces the effect of the lower mass
state, magnifying the effect of the higher mass state that shows clearly over the phase space.

 The decays, being free of a tree level contribution, show
clearly the effect of the two Ξ(1820) state. The lower mass one is clearly seen as a sharp peak in the

mass distributions, but the higher mass one manifests itself through an interference with the
lower one that leads to a dip in the mass distribution around 1850 MeV.
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