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1. QCD theory: on a box in the Euclid four space

2. a -> UV cutoff, Nsa -> Infrared truncation

3. Lattice QCD -> a model of statistical physics.

Φ: field quantity, S[ϕ]: Action, O[ϕ]:physical quantity

4. Monte Carlo method
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• Analysis the ππ scattering with I=2



Introduction of HEFT

HEFT

Lattice 

Spectrum

Resonance
(Mass , Width, Pole position, Coupling)

T matrix

(Phase Shifts, 

inelasticity)

Real Continuum

Momentum Space Real Discrete

Momentum Space

Complex Continuum

Momentum Space

HEFT:

1. Build a Hamiltonian model;

2. If Experimental data available, we fit Experimental data to fix 

the parameters in the model; 

If Lattice data available (close to physical pion mass), we fit 

these data; 

If both, we can use both of them constraint the model 

parameters.

If we only have Lattice data with unphysical pion mass, we 

need another parameter for the mass dependence, such as 

mass slope.

3. From the fixed Hamiltonian, we can study the properties of 

Resonance. Especially, from the eigenvector in the finite 

volume, we can estimate the internal structure of the hadron.  



L*1405

• I=0,  S,`KN, L and`KX

• I=1,  S,`KN, L

Zhan-wei Liu etc. Phys.Rev. D95 (2017) no.1, 014506

Weinberg – Tomozawa Term



the L*(1405) is predominantly a 
molecular`K N bound State,

L*1405
Zhan-wei Liu etc. Phys.Rev. D95 (2017) no.1, 014506



N*(1535)

2 Channels:  N and N

Zhan-wei Liu etc. Phys.Rev.Lett. 116 (2016) no.8, 082004



The main components (at least 50% ) of 
N*(1535) is from the 3 quark core.

N*(1535)
Zhan-wei Liu etc. Phys.Rev.Lett. 116 (2016) no.8, 082004



N*(1440)

No State 
extracted from 
3 quark 
operator



N*(1440)

No State 
extracted from 
3 quark 
operator

C. B. Lang, etc. Phys.Rev. 

D95 (2017) no.1, 014510



Include 3 channels: N,  and sN

Jia-jun Wu etc. arXiv: 1703.10715N*(1440)

Experimental data 

can not distinguish 

these two models

Meson-Baryon channel 
interaction dominate

Bare state 
dominate



The first scenario with a bare state for P11 around the

pole at 2.0 GeV can fit both Lattice data and

experimental data well, it indicates that N*(1440) seems

a re-scattering state, and first radial excitation of nucleon

should be around 2.0 GeV.

Jia-jun Wu etc PRD97(2018) 094509 N*(1440) 



The Second scenario with a bare state for N*(1440) fit

the experimental data well. But the largest possibility

for bare state does not touch the lattice point. Thus, it

fails to explain Lattice data.

The first scenario with a bare state for P11 around the

pole at 2.0 GeV can fit both Lattice data and

experimental data well, it indicates that N*(1440) seems

a re-scattering state, and first radial excitation of nucleon

should be around 2.0 GeV.

Jia-jun Wu etc PRD97(2018) 094509 N*(1440)



C. B. Lang, etc. Phys.Rev. D95 (2017) no.1, 014510

Ns

N

Jia-jun Wu etc PRD97(2018) 094509 N*(1440)

It is not a FIT !!! We need more data and detailed

study, for the contribution from

N three body.



Quark Model Experiment Lattice

N(1/2+)

L(1/2+)

N(1/2-)

L(1/2-)

N(1/2+) 2hw

1hw

0hw
N(940)

L(1115)

N*(1535)

L*(1405)

L*(1670)

N*(1440)

Mainly Dynamical 
generated states.
Not in the Quark 
Model

`KN-S

N--sN

~2.0 GeV

~1.5 GeV

~1 GeV



Ds0(2317), Ds1(2460), Ds1(2536), Ds2(2573)
Z. Yang, G.-J. Wang, J.-j. Wu, S.-l. Zhu, M. Oka   Phys.Rev.Lett.128(2020),112001



Ds0(2317), Ds1(2460), Ds1(2536), Ds2(2573)

1. Fix the bare mass and wave function from GI model；

Z. Yang, G.-J. Wang, J.-j. Wu, S.-l. Zhu, M. Oka   Phys.Rev.Lett.128(2020),112001
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2. The interaction of bare-channel and channel-channel；

Z. Yang, G.-J. Wang, J.-j. Wu, S.-l. Zhu, M. Oka   Phys.Rev.Lett.128(2020),112001



Ds0(2317), Ds1(2460), Ds1(2536), Ds2(2573)

1. Fix the bare mass and wave function from GI model；

2. The interaction of bare-channel and channel-channel；

3. Fit Lattice data；

Z. Yang, G.-J. Wang, J.-j. Wu, S.-l. Zhu, M. Oka   Phys.Rev.Lett.128(2020),112001



Ds0(2317), Ds1(2460), Ds1(2536), Ds2(2573)
Z. Yang, G.-J. Wang, J.-j. Wu, S.-l. Zhu, M. Oka   Phys.Rev.Lett.128(2020),112001

1. Fix the bare mass and wave function from GI model；

2. The interaction of bare-channel and channel-channel；

3. Fit Lattice data；
Conclusion：

D*s0(2317)-DK
Ds1(2460)-D

*K
S-wave

Mass moving vs GI Model

Ds1(2536)-D
*K

Ds2(2573)-D
(*)K

D-wave

Mass stable vs GI model 



正宇称的Bs态
Z. Yang, G.-J. Wang, J.-j. Wu, S.-l. Zhu, M. Oka   arXiv:2207.07320
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1. Using Previous Parameters

Conclusion：
B*s0(5730)-B`K
B*s1(5770)-B

*`K
S-wave

Mass moving vs GI Model



正宇称的Bs态
Z. Yang, G.-J. Wang, J.-j. Wu, S.-l. Zhu, M. Oka   arXiv:2207.07320

1. Using Previous Parameters

Conclusion：

2. A CDD zero

B*s0(5730)-B`K
B*s1(5770)-B

*`K
S-wave

Mass moving vs GI Model

The CDD zero indicates

there are two mechanisms

which will cancel at this

energy.

Give a new method to

search CDD zero.



Summary

• Introduction of HEFT, until now, it can be applied to calculate the 

finite volume effect of two body system.

• The study of N*(1535) [3-quark core~50%], N*(1440) [NsN], 

L*(1405) [`KNS ].

• The study of Ds0(2317) [𝑐 ҧ𝑠-DK(s-wave)], Ds1(2460) [𝑐 ҧ𝑠-DK*(s-

wave)], Ds1(2536) [𝑐 ҧ𝑠](DK*(d-wave)), Ds2(2573) [𝑐 ҧ𝑠] DK*(d-wave).

• Predict new Bs0(5730) and Bs1(5770).

• We can find 𝑞ത𝑞 and 𝑞𝑞𝑞 core are always there！

• Interactions between hadrons are always there too !



Outlook

• HEFT combines the Lattice data and 

Experimental data to constraint the Effective 

Model, and connects the Quark model (quark 

level bound state) and Hadron interaction 

(Hadron level physics), thus provides a 

complete formalism of physical sates and help 

us understand the nature of hadron deeply.



Thanks for attention ! 


