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Outline
Introduction: Exotic states and Fixed Center Approximation (FCA) to 

Faddeev equations

      

  

  

Summary
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➢ Exotic states

Too simple

Hadron: In particle physics, a hadron is a composite subatomic particle made of 

two or more quarks held together by the strong interaction.
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𝑀 = 1540 ± 10 MeV

Γ < 25 MeV
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Theoretical formalism: two-body hadron-hadron scattering

➢  Subtraction constants in dimensional regularization method

➢  or cutoff values in cutoff method

➢  Two-body loop function

6



➢  To identify resonances/bound states, one goes to the complex plane to look for poles. 

➢  Once poles are found, resonance parameters can also be obtained from 

amplitudes squared on the real axis.

Identify resonances/bound states (Hadronic molecules)

Baryon:  𝐴 𝑠 =
ത𝑔

𝑠−𝑀𝐵𝑊+𝑖
Γ𝐵𝑊
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Meson: 𝐴 𝑠 =
ത𝑔′

𝑠−𝑀𝐵𝑊
2 +𝑖𝑀𝐵𝑊Γ𝐵𝑊
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in the unitized chiral perturbation theory
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Theory

Experiment
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f0(1370)

f0(1710)

No decay to two pseudoscalar-pseudoscalar With decay to two pseudoscalar-pseudoscalar

pole position (no two p’s) real axis (two p’s)

f0(1370) (1512, 51) (1523, 257)

f0(1710) (1726, 28) (1721, 133)

No tuning of the parameters, 

their positions are fixed by 

those of the f2 states!
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f0(1710) confirmed in the chiral quark model

Effects of pseudoscalar-pseudoscalar coupled channels
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Fixed Center Approximation to Faddeev equations (FCA) 
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Three-body scattering amplitudes 
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Numerical results
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Hybrid?

Tetraquark?
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The FCA is an 

effective and 

technically 

straightforward 

tool for 

studying three-

body systems!

Summary

Thank you very much for your attention!

We conclude that

And, exotic hadron states are made of hadrons.
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  u u d d  s -


  M = 1540 ± 10   MeV


  Γ < 25   MeV


  :   A  ( s ) =    g -   s −  M  B W + i    Γ  B W 2


  A  ( s ) =      g - ′  s −  M  B W 2 + i  M  B W  Γ  B W


   K - K 𝜋


   K ∗  K -


   K ∗  K -


   D - D K


   K  c  c - ( 4180 )

