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I.Motivation
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The latest lattice calculation of  baryon spectrum
Bulava et al. (Hadron Spectrum Collaboration),

Phys. Rev. D 82, 014507 (2010)



The physical interpretation of their results:

1. 2+1 flavor full-QCD calculation

2. Many interpolation fields involved in the calculation

3.    There are many states extracted in each symmetry channel.

4.    The nature of the these states cannot be identified reliably:

Which are the one-particle states?

Which are the two-particle states?

Which state corresponds to the physical resonance

observed in the experiments?



II. The spectrum of  baryons 

Quark model

Lattice QCD in the quenched

approximation 

Quenched theory:



• Interpolation field operator for  baryons

• This operator has both the spin-1/2 and spin-3/2 components

• Introducing the projection operators from the quantum field theory

• We obtain the following operators with definite spin quantum number 

• Then we can calculate the two-point functions of these operators

𝐶𝐽 𝑡 = 

 𝑥

𝑇𝑟 1 ± 𝛾4 𝑂𝐽 𝑥, 𝑡  𝑂𝐽(0) = 

𝑛

𝑍𝐽𝑒
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Effecitve mass plateaus



The fitted masses for the lowest-lying  baryons

(very preliminary) 



III. The BS wave functions of  baryons in the Coulomb gauge
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• We use the spatially extended operators 

by splitting the three quark fields into two

parts with spatial separations in the 

Coulomb  gauge

tm

i
i

w ierWOtrOtrC 

 )()0(),(),( )(



IV. Conclusion

• We calculate the spectrum of the lowest-lying  baryons 

in the quenched approximation.

• The level ordering is in qualitative agreement with the 

expectation of the Quark Model.

• We also calculate the BS wave functions of the lowest 3/2+

and 1/2+ states. There does exist a radial node in the 

BS wave function of 1/2+ state, which implies that this 

state is a radial excited state as expected by the Quark 

model.

• The masses of these states are compatible with those of the

experimental resonances. However, no solid conclusion 

can be obtained at present. 



Thanks!


