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Introduction

N(1440)N(1520)

N(1535)

The sign change



Helicity amplitudes of N(1440) resonance
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- The thick curves correspond to quark models assuming that N(1440) is a three-quark first 

radial excitation: dash dotted (Capstick and Keister, 1995), solid (Aznauryan, 2007).

- The thin dashed curves are obtained assuming that N(1440) is a three-quark hybrid state (Li 

et al., 1992).

- The thin solid curves are non-relativistic quark model (Li et al., 1992)

- The blue dotted curves are the MAID2007 fitting (global analysis).



Wave function of proton and N(1440) in the 

harmonic oscillator basis
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The proton and N(1440) spatial wave function in a three-quark picture:

Formalism

The corresponding algebraic structure consists of the usual 

spin, flavor, and color algebras :



Harmonic oscillator basis for 3q system
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Harmonic oscillator basis

A relation between momentum space and position space

Formalism



Explicit form of harmonic oscillator basis
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Formalism

(K. Xu et at., 2020)



Electric Form Factor
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Breit frame

Formalism

Lorentz invariance



Helicity amplitudes (1)
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N* rest frame

Formalism



Heliciy amplitudes (2)
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Formalism



Proton electric form factor from the fitting of low-lying baryon 

mass spectra
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The proton wave function

- Being the L=0 lowest state of the low-lying baryon mass spectra in the 

three-quark picture (K. Xu et at., 2020).

Results



Extraction of proton spatial wave fucntion from electric form factor
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The proton wave function

- Being the L=0 lowest nucleon state in the three-quark picture.

- The dimension of the basis is 6:

- The length parameter 

- Fit by the least square method

Results



Results of the proton electric form factor

Non-relativistic

- The Result is in good agreement only in the small Q2

region.

Mass spectrum

- The result almost repeats the data.

Fitting

- The proton is mainly the three-quark bound state.
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Results



Helicity amplitudes of N(1440) with the wave function from 

mass spectrum fitting
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The proton wave function

- Being the L=0 lowest state of nucleon resonance of the low-lying 

baryon mass spectra in the three-quark picture.

The N(1440) wave function

- Being the L=0 first radial excited state of nucleon resonance of the low-

lying baryon mass spectra in the three-quark picture.

Results



Extraction of quark distribution of N(1440)

The proton wave function

- Imported from the section of the proton form factor.

The N(1440) wave function

- Considered in 2 cases:

Fitting I:  the proton and the N(1440) spatial wave functions are 

orthogonal each other: 

Fitting II: the proton and the N(1440) spatial wave functions may not be 

orthogonal each other.

- Expanded in the 3-quark harmonic oscillator basis.

- The dimension of the basis is 6:

- The length parameter

- Fit by the least square method.
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Results



Results of the helicity amplitudes of N(1440)

Non-relativistic

- Can not give the changing sign.

Mass spectrum

- Consistent with the three-quark light front model and 

covariant spectator quark model.

Fitting

- The N(1440) is dominantly the radial excitation of 

nucleon.

- May have other components like L=2 three-quark 

states, pentaquarks, molecule states. 16

Results
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