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Introduction

e In the traditional ¢* picture, the Roper N; /2+(1440) usually gets a mass
~ 100 MeV above the N3/, (1520) and N;/,_(1535), but not 100 MeV
below it.

(56",0")

----------- e Roper resonance is usually blamed sitting at a wrong place or intruding the
N(520) NA440) | 43 gpectrum. It could be ¢*g pentaquark, ¢*¢g hybrid, ¢*(¢q) resonance...

N(1535)
> p 5 e The sign change in the helicity amplitude of the Roper resonance as a
n function of Q2 suggests a node in the wave function and thus a radially
excited state.
i $ b N(1440)1/2 | o In the N3/o_(1520) decay modes, branching ratio of I'yn /Iy is almost
¢ Zero.
_ 4 .,
- i&# ¢ e In the Nj/5_(1535) decay modes, the branching ratio of N(1535) — Nn
- process is as large as N(1535) — Nr.
-40- f \ :E;:*n‘ ® Nj/24(1440) may mainly be a ¢ first radial excitation
0L 4 The sign change  § EE:S*
! . . : J . ® N3/5_(1520) may contain a large ground-state (I = 0) non-strange pen-
o 1oz 3 Qz(Gsevz) taquark component.

Ny /2-(1535) may contain a large ground-state (I = 0) uuds3 component.
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Helicity amplitudes of N(1440) resonance

I.G. Aznauryan, V.D. Burkert / Progress in Particle and Nuclear Physics 67 (2012) 1-54
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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).

The solid circles are from CLAS (Aznauryan, 2008).
The solid triangle is the RPP estimate (Nagamura et al.,2010).
The open triangles are from Mokeev, et al., 2009. 4



Formalism  \Wqgve function of proton and N(1440) in the
harmonic oscillator basis

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

o= Y AneoPRo0.

N=0,24,...

The corresponding algebraic structure consists of the usual
spin, flavor, and color algebras :

SU(3) ® SUL(2) ® SU(3)




Formalism

Harmonic oscillator basis for 3g system

Hqszﬁ—i—ﬁ—l—l()()\z—l—pz)
2m  2m 2

Harmonic oscillator basis
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A relation between momentum space and position space

VR ({r}) = ()" ¥R ({p})




Formalism

Explicit form of harmonic oscillator basis

NLM Wave function

0 00 USho = Y000 (P)Pooo(N)
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(K. Xu et at., 2020)
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Electric Form Factor

Breit frame P = (En,0,0,—-|k/2|), P;=(En,0,0,|k/2[), k=(0,0,0,|k])
Q2 = k2% = \k|2’ P, +P;=0 Lorentz invariance

| 1
Ggp = <N, S, = qiq§q§,> Tp(919203 — 4142q3) <Q1QQQS N,S. = —>

Breit
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Formalism

Helicity amplitudes (1)

N* rESt frame P?,:(EN'}UaOJ_|k|)a Pf:(MN*,0,0,0), k:(w30703|k"‘)
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Formalism

Helicly amplitudes (2)
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Proton electric form factor from the fitting of low-lying baryon

mass spectra

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

The proton wave function

- Being the L=0 lowest nucleon state in the three-quark picture.
- The dimension of the basisis 6: N =0,2,4,...,10

- The length parameter a = 400 MeV

- Fit by the least square method




Results of the proton electric form factor
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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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Helicity amplitudes of N(1440) with the wave function from

mass spectrum fitting

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.




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

7/)}(\)[(1440)> = 0.
Fitting Il: 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 basisis 6: N =0,2,4,...,10.
- The length parameter a = 400 MeV.
- Fit by the least square method.

orthogonal each other: <w§




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.
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