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Background: Beyond Quark Model
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Background: the components of Hadron
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Background: Bare state + Coupled channel

Hiadron state: =~ Coupled channel
meson, baryon//Exotic
Hadron level Bare state(Single)
Interaction between  Phenomenological  +multi-hadron
..................... Hadrons . model
- Bare State? ;¥ The number of hadrons
Interaction between I |
I pnteraction between Quark Model IS not conserved!
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Background:

convential hadron
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P meson spectra on LOCD -- Operator
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0 meson spectra on LQCD -- correlation function

Cij = (0|0;0l[0) = 3" z;*z;*e—Ei

T
Computed based on wick — \ Energy level in the
contraction and quark | finite volume
propagator calculated To parameterize _the
based on the configuration. correlation function !

« Solve the generalized eigenvalue problem(GEVP)
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P meson spectra on LOCD -- Spectra
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Configuration: F48P30

There are 8 different spectra
with different total
momentum and irreps,
including following
Irreducible representations.:
p2=0: Tf,

A;and E,,

A4, B; and B,,
Ay,

2 =1
2=2
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P meson spectra on LOCD -- Spectra
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0 meson spectra on LQCD -- Phase shift of nr
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P meson spectra on LQCD -- Phase shift of nn
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The wick contraction of p system

qq operator----2 quark

Tt operator----4 quark
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There are four quark lines at any spacetime point.
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Rest Frame

a b __ a
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|=1 tr operators for irrep T; always take such form
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|=1 tr operators for irrep T; always take such form
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Result

C32P23 323 x 64

0.10530(18)
C48P23 483 X 64

Z. Wang, D. B. Leinweber, et al., JHEP 08, 064 (2025)

C32P23:
rest frame, 2E(1) > m, > 2m, 0.8
Moving, E(2) + E(1) > m, > E(1) + E(0) o.7{-
C48P23 : N
rest frame, 2E(2) > m, > 2E(1) E

0.5+

We include two mrr operator, for m(1)m(—1) o4]
and (2)m(—2) for rest frame, and for

0.3+

m(0)m(1) and m(1)m(2) for moving frame. 30
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C32p23,|P|2=0, Wit

Result: Rest frame
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Result: Moving frame

Now for moving frame, total momentum |P|? = 1, irrep A; , we can calculate correlation function like
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2 U1 202
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Here i refers to i-th momentum operator, vi and u! are components of generalized eigenvectors. If we need to extract W2 ,— Wr,,
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Result: Moving frame
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Result: Moving frame

0.916 -0.018
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Ecr(MeV)
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Conclusion: W2, — W, term can not provide p energy level, in other words, p is
mainly originated from qq.
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Summary and OutLook

We divide wick contraction diagrams as two parts of mm p-wave channel for p
meson.

We use partially-qguenched method to calculate 4 quark connected wick
contraction diagrams, and we can extract the energy levels from these
connected diagrams.

We find these energy levels are all far away from the energy levels
corresponding to the p meson.

If this method is available, we can test f0(980) is a KK hadronic molecular
state or a gq state.

Thanks for your attention !
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Thanks for attention
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