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 Coupled Channel Unitary Approach：solving Bethe-Salpeter equations, which

take on-shell approximation for the loops.

    where V matrix (potentials) can be evaluated from the interaction Lagrangians.
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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:
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Further Results-1

(1) 𝐽𝑃 = 1/2− Pc poles: full coupled channels
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Pc poles : PB and VB sectors
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(2) Pc wave functions : full coupled channels

PB and VB sectors
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(3) Pc radii: full coupled channels PB and VB sectors
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(4) Single channel interaction

poles:

𝐽𝑃 = 3/2− Pc states



21

Wave functions:
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Radii:



(1) 𝐽𝑃 = 1/2− Pcs poles: full coupled channels
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Further Results-2
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Pcs poles : PB and VB sectors
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(2) Pcs wave functions : full coupled channels



28

Pcs wave functions : PB and VB sectors



29

(3) Pcs radii: full coupled channels
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(3) Pcs radii: PB and VB sectors
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(4) Single channel interaction

poles:

𝐽𝑃 = 3/2− Pcs states
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Wave functions:
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Radii:

J. Z. Cao, H. Y. Wei, J. X. Yang, CWX, J. Sun, Phys. Rev. D 114 (2026) 3, 036021



34

To generate the Pc states, the full coupled channel interactions with the 

heavy quark spin symmetry are important, which affect seriously the widths 

of the corresponding poles.  

 it is not so necessary to reproduce the Pcs state using the full coupled 

channel interactions with the heavy quark spin symmetry, showing that the 

results of the splitting PB and VB sectors are not much differences. 

 all the main bound channels have similar binding energies for the single 

channel interactions.

§4. Summary
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