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Hamiltonian In the infinite volume 
• T Matrix: 
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Hamiltonian in the finite volume 

• Hamiltonian Matrix for discrete momentum 
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Finite-Volume Hamiltonian Method 
• Hamiltonian Matrix for discrete momentum 

(𝐻0+𝐻𝐼) |Ψ > =  𝐸 | Ψ > 

Eigen-Value of 
Hamiltonian of two 
body system 

Lattice Spectrum  

Eigen-Vector  



Finite-Volume Hamiltonian Method 
• Comparing with Lüscher method 

• For example  scattering in S wave 
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The structure of Baryon Resonance  

• 3 quark  

• 5 quark 

• Meson Cloud 

• Meson-Baryon Molecule 

        … …  

Question:   How to distinguish them ??? 

 

Fitting  from the limited data from Experiments and 
Lattice. 

 

Model with various parameters are always powerful !!! 
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Eigen-Vector and Resonance 
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Unfortunately, now the technical of Lattice can not 
measure all Eigen-states and Eigen-vectors for Baryon 
Resonances.  
Currently, for the Baryon spectrum, pure 3 quark local 
operator is mostly used, while rare papers use Meson-
Baryon non-local operator. 

So here focus on the 3 quark operator  

• In the Lattice, we use 3 quark local operator can extract 
several Eigen-states. 

• 3 quark operator for the vacuum is corresponding to 
bare state. 

• Thus, these lattice Eigen-states should have large bare 
state components. 

C. B. Lang, ect. arXiv: 1610.01422  



1. Fitting Experimental Data to fix the 
parameters. 

2. Using these fitted parameters to generate 
the Finite-Volume Hamiltonian matrix. And 
for high pion mass, other parameters for the 
mass slope is needed. 

3. Calculate the eigenvalue and eigenvector of 
Hamiltonian matrix to compare with Lattice 
data. 

 

Finite-Volume Hamiltonian Method 

Actually, if the lattice data is enough, we can directly extract 
coupling and other parameters from lattice data. 



Study of N*(1535) 

• 2 Channels:  N and N 

 

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

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

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



Study of L*(1405) 

• I=0,  S,`KN, L and`KX 

• I=1,  S,`KN, L 

Zhan-wei Liu ect. arXiv: 1607.05856  

Weinberg – Tomozawa Term 
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Study of L*(1405) 

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

Zhan-wei Liu ect. arXiv: 1607.05856  
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No State 
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Zhan-wei Liu ect. arXiv: 1607.04536  



Study of N*(1440) 

Include 3 channels: N, D and sN 

Zhan-wei Liu ect. arXiv: 1607.04536  



Study of N*(1440) 

The first scenario with a bare state for N*(1440) 
although fit the spectrum well, the largest possibility 
for  bare state does not touch the lattice point. Thus, 
it fails to explain Lattice data. 

The second and third scenarios without a bare 
state for N*(1440) also can fit Lattice data well, it 
indicates that N*(1440) seems a molecule state.  

Zhan-wei Liu ect. arXiv: 1607.04536  



Study of N*(1440) 

C. B. Lang, ect. arXiv: 1610.01422  

N 

N 

Zhan-wei Liu ect. arXiv: 1607.04536  

We need more data and detailed study, for the 
contribution from N three body. 



Study of N*(1440) 

Roper does not include so many 3 quark core (at 
least below 10%) and it seems a molecule state.  

For P11 state, where is the first radial excitation 
state of nucleon. From these results of lattice, it 
seems around 1900 MeV. We need more detailed 
calculation for it. 

Zhan-wei Liu ect. arXiv: 1607.04536  



Summary 

• Introduce the Finite-Volume Hamiltonian Method 

• FVHM connects the experimental data, Lattice 
data and the properties of resonances. 

• The Eigen-Vector in the finite volume will be 
useful to distinguish the different models and 
reflect the insight of resonances. 

• The N*(1535), L*(1405) and N*(1440) are 
studied based on FVHM combine with 
experimental and Lattice data.   



Outlook 

• For the Eigen-vector, we expect the new result 
from Lattice calculation directly. 

• Hamiltonian model is need to be improved: 

    N*(1535):  How about N*(1650) 

    L*(1405):   How about L*(1670) 

    N*(1440):  Where is the first radial excitation 
state of nucleon ? Around 1900 MeV ?? What is 
the contribution of N ? 



Thanks very much 


