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Quark model
Exotic  States
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Long issue for their nature:
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� Chiral Unitary Approach (ChUA)：coupled channel approach,
solving Bethe-Salpeter (BS) equations.

where V matrix (potentials) can be evaluated from chiral
Lagrangians.

T = V + V GT, T = [1� V G]�1 V

J. A. Oller and E. Oset, Nucl. Phys. A 620 (1997) 438
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§2. Formalism



G is a diagonal matrix with the loop functions of each 
channels:

The coupled channel scattering amplitudes T matrix 
satisfy the unitary：

To search the poles of the resonances, we should 
extrapolate the scattering amplitudes to the second 
Riemann sheets:

Im Tij = Tin �nn T ⇤
nj

Gll(s) = i
R d4q
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To understand more properties of the resonances, we 
first evaluate the sum rule for the composite state

The wave function and the form factor are given by 

With the form factor obtained, the radius can be evaluated by

T. Sekihara and T. Hyodo, Phys. 
Rev. C 87, 045202 (2013). 

Or one can use the one from the tail of the wave functions 
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§3. Results
1) The results of the coupled channel interaction
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4

The central value of the cutoff 

which is taken from

CWX, U.-G. Meißner and J. A. Oller, Eur. 
Phys. J. A 56, 23 (2020).



9

Pole trajectories for varying the cutoff 

threshold 



10

Couplings and the conpositeness



11



12

The radii of states
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2) The results of the single channel interaction

The potential of KKbar is too weak to create a pole in I=1.

Pole trajectories for varying the cutoff 



14

Couplings and the conpositeness
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The radii of states

H. A. Ahmed and CWX, Phys. Rev. D 101, 094034 (2020). 
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3) The results of the final state interaction
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18H. A. Ahmed, Z. Y. Wang, Z. F. Sun and CWX, arXiv: 2011.08758. 

PDG



p The states is mainly a bound state.

p The      state is a resonance of        .

p The    state is a loose bound state of ,
with the significant component of .

p These conclusions can be further confirmed in the 
final interaction results of                      decays.

Hope that our predictions can be tested in the future 
experiments!
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§4. Summary
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