arXiv:nucl-th/0404011 v1 6 Apr 2004

Magnetic moments and electromagnetic radii of nucleon and Δ(1232) in an extended GBE model

Jun He^1 and Yu-Bing Dong^{2,1}

1Institute of High Energy Physics, Chinese Academy of Sciences,

P. O. Box 918-4, Beijing 100039, P. R. China

2Chinese Center of Advanced Science and Technology (World Laboratory)

P. O. Box 8730, Beijing 100080, P. R. China

April 6, 2004

Abstract

We derive the exchange currents of pseudoscalar, vector, and scalar mesons from Feynman diagrams, and use them to calculate the magnetic form factors of nucleon and Δ(1232). The magnetic moments and electromagnetic radii are obtained by using those form factors and the parameters determined from the masses of nucleon and Δ(1232). We find the magnetic moments and electromagnetic radii of nucleon and Δ(1232) can be produced very well in the extended Goldstone-boson-exchange model (GBE) in which all of pseudoscalar, vector and scalar meson nonet are included. The magnetic moments of Δ(1232) are closer to experiment values and results from lattice calculation than the results obtained by the model without other mesons except for pion and sigma.

1 Introduction

In the frame of constitute quark model, the exchange currents between quarks are important to produce the properties of hadrons. There are two kinds of exchanges, gluon exchange and meson exchange. In Isgur’s model, one-gluon-exchange (OGE) governs the structure of the hadrons[1]. Since the last few years, Shen et.al.[2], Riska and Glozman [3, 4, 5]applied the quark-chiral coupling model to study the baryon structure. In the works of Glozman et.al. [4, 5], the vector meson coupling was included to replace one-gluon-exchange. They found the spin-flavor interaction is important in explaining the energy of Roper resonance and got a comparatively good fit to the baryon spectra. Recently, L. R. Dai et. al. extended original chiral SU(3) quark model, in which the nonet pseudoscalar meson exchanges and nonet scalar meson exchanges are considered in describing medium and long range part of the interaction and OGE contribute the short repulse, to the extended chiral SU(3) quark model, in which vector mesons are included[6]. They calculated N-N scattering processes and found the similar results to the original chiral SU(3) quark model calculation. In the^1S_0 case, the one channel phase shifts of the extended chiral SU(3) quark model are obviously improved. In our previous works [7], we found that mixing angles of N^∗ resonance are sensitive to the different interaction models, and we calculated the amplitudes for photoproduction of negative parity N^∗ resonances under 2GeV to compare different interaction models. All those suggest that vector meson exchanges may be important to the short range mechanism of quark-quark interaction.

On the other hand, the method, by which the electromagnetic form factors of deuteron are calculated on nucleon level [8], has been applied to quark level by Buchmann et. al.[9]. They have calculated the electromagnetic property of nucleon and Δ(1232)[10, 11]. Their results of magnetic moments and electromagnetic radii of nucleon agree with experiment values well while the magnetic moment of Δ(1232) is 6.981μ_N . There are two experiment results, 6.14 ± 0.51μ_N by LOPEZCATRO and 4.52 ± 0.50 ± 0.45μ_N by BOSSHARD [12]. Through the result of Buchmann et.al. is still within the region given by Particle Data Group [12], it is larger than both experiment values above. The recent result from lattice QCD is 4.99±0.56μ_N , which supposes the latter experiment result[13]. In the calculations of Buchmann et.al., gluon, pion, scalar meson and confinement exchanges are considered. But the effects of other pseudoscalar mesons and vector mesons are not included. On nucleon level, the discrepancy between the coupling constant of πNN (≈ 14) and that of ρNN (≈ 3) is large. The effect of ρ meson is negligible since there is square coupling constant in form factors. However, by using the relations: g_{πqq} =^{3Mq}_{5MN} g_{πN N} and g_{ρqq} = g_{ρN N} [14], we know that the coupling constant of πqq is only about one fifth of πNN while the coupling constant of ρqq equals to that of ρNN. Hence on the quark level, the effect of ρ meson on the form factors may not be ignored. In this paper, we calculate magnetic moments and electromagnetic radii of nucleon and Δ(1232) in the extended GBE model to study the effects of the vector mesons.

In the following section, we present the Lagrangian we used. In section 3, the potential and masses of nucleon and Δ(1232) in the extended GBE will be calculated to determine the parameters. The magnetic moments and electromagnetic radii will be obtained in section 4. Conclusion and discussion will be given in the last section.

2 Lagrangian used

First, we give the Lagrangians which will be used to derive potentials and the exchange currents. The total Lagrangian can be written as following: L_{total} = i 2 (ψγ^μ∂_μψ − ∂_μψγ^μψ) − m_qψψ + ∑ π,η,η^′ L_φ + ∑ ρ,ω,ϕ L_V + L_σ . (1)

where ψ and m_q are the quark field and quark mass. Because we only calculate the case of nucleon and Δ(1232), we do not consider strange meson exchanges.

Under a global infinitesimal chiral transformation, we can obtain the π part of Lagrangian as following: L_π = −g_{πq} ψi 3∑ a=1 λ^a · π^aγ_5ψ + 1 2 3∑ a=1 D_μπ^a · D^μπ^a, where : Dπ^a = ∂_μπ^a − g_ρ 3∑ b,c=1 ϵ_{abc}ρ^b_μπ^c.(2) Here and henceforth π^a and ρ^a_μ are the pion and rho meson fields, respectively, λ^a_i is the Gell-mann flavor matrix of i-th quark which reduce to Pauli matrix τ_i as a=1,2,3 because we do not consider the strange dimension. g_{πq} and g_ρ are coupling constants.

We construct the ρ quark coupling as Jido et. al. did in the case of ρ nucleon coupling [15]. According to the construction of the gauge theory, the direct coupling of a quark ψ to the ρ meson is constructed replacing the derivative by the associated covariant derivative with the gauge symmetry: ∂_μψ(x) → D_μψ(x) = ∂_μψ(x) + ig_ρ ∑ a [ψ(x), V^a(x)]ρ^a_μ, (3)

where V^a is the generator of the gauge symmetry of the SU(3) flavor space. Here, [ψ(x), V^a(x)] = −^1_2 λ^aψ. Then the ρ part of Lagrangian is as following: L_ρ = −g_{ρq}ψγ^μ 3∑ a=1 λ^a · ρ^a_μψ − 1 4 3∑ a=1 ρ^{μνa} · ρ^a_{μν} , where : ρ_{μν} = ∂_μρ^a_ν − ∂_ν ρ^a_μ − g_ρ 3∑ b,c=1 ϵ_{abc}ρ^b_μρ^c_ν ,(4) where we assume coupling constant between rho and quark, g_{ρq} =^{gρ}_2 , in order to be consistent to the π part in form.

For η and ω mesons, Lagrangians have analogous forms as the part of π and ρ, respectively.

We also consider σ exchange : L_σ = g_{σq} ψσψ + 1 2 (∂σ)^2. (5)

The electromagnetic Lagrangians can be derived using the principle of minimal coupling ∂_μ → ∂_μ +iqA_μ, where q is the charge carried by the field upon which the derivative operator acts. Then the γqq, γππ and γρρ interaction Lagrangians are: L_{γqq} = −Qeψγ_μψA^μ, (6) L_{γππ} = −ie[π∂_μπ^+ − π^+∂_μπ]A_μ, (7) L_{γρρ} = −ie[∂^μρ^+_ν (A_μρ^ν − A^ν ρ_μ) − ∂^μρ_ν (A^ν ρ^+_μ − A_μρ^{ν+})], (8)

where π = 1 √ 2 [π^1 + iπ^2], ρ_μ = 1 √ 2 [ρ^1_μ + iρ^2_μ], (9)

and Q is the charge of quark in unit of e. A_μ is the electromagnetic field. Because the charges of π^0, ρ^0, ω, ϕ, η, η^′and σ are zero, there is no interaction between them and photon.

3 The extended GBE model

In the harmonic-oscillator model, we assume that the Hamiltonian of three quark system is of the form: H = 3∑ i=1 ( m_q + p^2_i 2m_q ) + 3∑ i<j V^{conf} (r_i, r_j ) + 3∑ i<j V^{res}(r_i, r_j ), (10)

where r_i, p_i are the spatial and momentum coordinates of the ith quark, respectively. The third term is a two-body harmonic-oscillator confinement potential:

V^{conf} (r_i, r_j ) = −a_C λ^c_i · λ^c_j (r_i − r_j )^2, (11)

and a_C presents the strength of the confinement and λ^c_i is the color operator of the i-th quark. After removing the kinetic energy of the center of mass motion of three quark system, we take the first three terms of Eq. (10) as unperturbed hamiltonian H_0. Hence the total baryon wave function Φ_{N (Δ)} is an inner product of the orbital, spin-isospin, and color wave function and given by

| Φ_{N (Δ)} >= (πb^2)^{−3/2} exp(−(ρ^2 + λ^2)/2b^2)) | ST >^{N (Δ)} × | [111] >^{N (Δ)}_{color} , (12) where the Jacobi coordinates ρ and λ are defined as ρ = (r_1 − r_2)/ √ 2 and λ = (r_1 + r_2 − 2r_3)/ √ 6. The residual interaction V^{res} consists gloun and meson (pseudoscalar mesons π, η, η^′, vector mesons ρ, ω, ϕ, and scalar meson σ) exchange potentials. In the following, we will explain them in detail.

The one-gluon exchange potential[16]: V_g(ij) = α_s 4 λ^c_i · λ^c_j { 1 r − π m^2_q ( 1 + 2 3 σ_i · σ_j ) δ(r) − 1 4m^2_q 1 r^3

(3σ_i · r̂ σ_j · r̂ − σ_i · σ_j ) − 1 2m^2_q 1 r^3 [ 3 ( r × 1 2 (p_i − p_j ) ) · 1 2 (σ_i + σ_j ) − ( r × 1 2 (p_i + p_j ) ) · 1 2 (σ_i − σ_j ) ]} ,(13)

where r = r_i − r_j ; σ_i is the usual Pauli spin matrix.

The one-π exchange potential:

V_π (ij) = 3∑ a=1 λ^a_i · λ^a_j σ_i · ∇σ_j · ∇f_π (r), (14)

where

f_M (r) = g^2_{M q} 4π(2m_q)^2 ( e^{−μM r} r − e^{−ΛM r} r ) , (15)

M presents π, η, η^′, ρ, ω or ϕ meson. μ_M , Λ_M and g_{M q} is meson mass, cut-off and meson quark coupling constant.

The one-η(η^′) exchange potential can be obtained from one-π exchange potential through replacing the all things about π by corresponded ones of η.

The one-ρ exchange potential:

V^0_ρ (ij) = 3∑ a=1 λ^a_i · λ^a_j σ_i × ∇ · σ_j × ∇f_ρ(r), (16) V^{LS}_ρ (ij) = 3∑ a=1 λ^a_i · λ^a_j 2[3r × 1 2 (p_1 − p_2) · 1 2 (σ_1 + σ_2) − r × 1 2 (p_1 + p_2) · 1 2 (σ_1 − σ_2)]f_ρ(r),(17)

V^C_ρ (ij) = 3∑ a=1 λ^a_i · λ^a_j 4m^2_q f_ρ(r). (18)

The one-ω and one-ϕ exchange potentials can be obtained from one-ρ exchange potential by analogous replacement.

Here, we use the ”perfect” mixing pattern for the η, η^′, ω and ϕ, i. e.,

λ_η = 1 + √ 2 √ 6 λ_8 +

−1 + √ 2 √ 6 λ_0, λ_η′ = −

−1 + √ 2 √ 6 λ_8 + 1 + √ 2 √ 6 λ_0; (19)

λ_ω = √ 1 3 λ_8 + √ 2 3 λ_0, λ_ϕ = − √ 2 3 λ_8 + √ 1 3 λ_0. (20)

Hence we only consider nucleon, the strange dimension in the Gell-mann matrices above have no effect on the results. Then Eqs. (19,20) become:

λ_η → 1 √ 2 1, λ_η′ = 1 √ 2 1; λ_ω = 1, λ_ϕ = 0; (21)

that is, there is no contribution from ϕ.

The scalar meson exchange potential is as following: V_σ (ij) = − g^2_{σq} 4π ( e^{−μσ r} r − e^{−Λr} r ) . (22)

With the Hamiltonian of Eq.(10) and the wave function of Eq.(12) it is straightforward to calculate the nucleon mass. One obtains

M_N (b) = 3m_q + 3 2m_qb^2 + V_{conf} (b) − 2α_s √ 2 π 1 b + 1 4 δ_g − 5 4 δ_π + 1 4 δ_η − 5 2 δ_ρ + 1 2 δ_ω + V_σ (b),(23)

M_Δ(b) = 3m_q + 3 2m_qb^2 + V_{conf} (b) − 2α_s √ 2 π 1 b + 5 4 δ_g − 1 4 δ_π − 1 4 δ_η − 1 2 δ_ρ − 1 2 δ_ω + V_σ(b),(24)

where

δ_g(b) = 4α_s 3 √ 2πm^2_qb^3

, (25)

δ_M (b) = −4 f^2_{πq} 4πμ^2_M √ 2 π 1 b { μ^2_M ( 1 − √ π( μ_M b √ 2 )e^{μ2M b2/2}erfc( μ_M b √ 2 ) ) − (μ_M ↔ Λ_M ) } , (26)

where the individual terms in Eqs. (23,24) are the nonrelativistic kinetic energy, quadratic confinement, gluon, pion, eta, rho, omega and sigma contributions, respectively. In this paper we use η to present both η and η^′. Here δ_η presents^1_2 (δ_η + δ_η′ ). The confinement contribution to the nucleon and Δ mass is given by

V_{conf} (b) = 24a_cb^2, (27)

and the σ-meson potential contribution is

V_σ (b) = −6 g^2_{σq} 4π 1 √ 2π 1 b {( 1 − √ π( μ_σ b √ 2 )e^{μ2σb2 /2}erfc( μ_σ b √ 2 ) ) − (μ_σ ↔ Λ) } . (28)

In our calculation, we leave out all spin-orbit forces and the central components from the vector meson exchanges as Ref. [4]. This treatment is further supported on more theoretical grounds by a study of the two-pion exchange mechanism between constituent quarks in Ref. [17].

Subtracting Eq.(23) from Eq.(24) all spin-independent terms drop out and one gets

M_Δ − M_N = δ_g(b) + δ_π(b) − 1 2 δ_η + 2δ_ρ − δ_ω, (29)

To obtain the numerical results, we show the parameters in our calculation. First we assume constituent quark mass m_q =^1_3 M_N = 313MeV . The gluon quark coupling constant α_s is determined by Eq. (29). Here we use the same values of meson quark coupling constants for pseudoscalar and vector mesons respectively as Ref. [4], which is also used in Ref. [6]. The coupling constants between vector mesons and quark in Ref. [4] have included the part of tensor coupling. We follow them ont only in calculating mass but also in calculating magnetic moments and electromagnetic radii because the effect of tensor coupling part can be included by replacing vector coupling constants by the sum of vector and tensor coupling constant. This can be seen by comparing the exchange currents below of Gari [8] and ours. The values of Cut-offs Λ_γ follow the linear scaling laws[4]: Λ_γ = Λ_π + κ (μ_γ − μ_π ) for pesudoscalar mesons , (30) Λ_γ = Λ_ρ + κ (μ_γ − μ_ρ ) for vector and scalar mesons . (31) The parameters b and a_c are determined to get the right mass of nucleon. The explicit values of parameters are presented in Table 1.

Table 1: Parameters: The quark mass is assumed to be one third of nucleon mass. The masses of mesons are from Particle Data group[12]. The cut-offs, quark size and the coupling constants between mesons and quark are from Ref. [11]. b and a_c are determined to get the right mass of nucleon.

m_q 313Mev μ_π 139Mev μ_η 547Mev μ_η′ 958Mev μ_ρ 770Mev μ_ω 782Mev μ_σ 680Mev g^2_{P sq} /4π 0.67 (g^v_{V q} + g^t_{V q})^2/4π 1.31 g^2_σ /4π 0.67

Λ_π 700MeV Λ_ρ 1200MeV κ 1.2 α_s 0.8584 b 0.609fm a_c 17.98MeVfm^{−2}

The contributions from each exchange potential is listed in Table 2. α_s here is smaller than Ref. [10], 1.093. This is consistent with the conclusion of Ref.[6] that the strength of OGE is reduced after the addition of vector mesons. This result a gap of contribution from gluon between this paper and Ref. [10] about 120MeV. This gap is cancelled by the contribution from rho meson exchange. The contribution of ω-exchange is small. Then the mass of nucleon is reproduced with a small adjustments of b and a_c.

Table 2: Contributions of the kinetic energy (without the rest mass term) and individual potential terms in the Hamiltonian to the nucleon mass of Eq.(23) cc: color Coulomb part of V_g, δ: δ-function part of V_g. All entries are in [MeV].

T^{kin} V^{conf} V^g_{cc} V^g_δ V^π V^η V^ρ V^ω V^σ Total N 503.1 160.0 -443.9 39.6 -127.2 9.5 -126.7 24.8 -39.4 0.0 Δ 503.1 160.0 -443.9 198.2 -25.4 -9.5 -25.3 -24.8 -39.4 293.0

4 Magnetic form factors, moments and radii of nucleon

By using the Lagrangians above, we can evaluate Feynman diagrams, which are shown by Figs. A1(a-e) in Appendix A, as Refs. [9, 10, 11, 18]. The total current operator consists of the usual one-body operator and two-body exchange current operators tightly related to the different quark-quark interactions: ρ_{total}(q) = 3∑ i=1 ρ_{imp}(r_i) + 3∑ i<j {ρ_{gqq̄}(r_i, r_j ) + ∑ M =π,η,η^′,ρ,ω ρ_{M qq̄}(r_i, r_j ) + ∑ S=σ,conf ρ_{Sqq̄}(r_i, r_j )},(32)

J_{total}(q) = 3∑ i=1 J_{imp}(r_i) + 3∑ i<j {J_{gqq̄}(r_i, r_j ) + ∑ M =π,η,η^′,ρ,ω J_{M qq̄}(r_i, r_j ) + ∑ M =π,ρ J_{γM M} (r_i, r_j ) + ∑ S=σ,conf J_{Sqq̄}(r_i, r_j ).(33)

The explicit form of each current is given in Appendix A.

Quite generally, the charge radius is defined as the slope of the charge form factor at zero-momentum transfer

r^2_C = − 6 F_C (0) d dq^2

F_C (q^2) |_q2_{=0}, (34)

where, according to the general definition of the elastic form factors [8],

F_C (q^2) = √ 4π < JM_J=J T M_T | 1 4π ∫ dΩ_q ρ(q)Y^0_0 (q̂) | JM_J=J T M_T > . (35)

We also consider the constituent quark size. It is an effective measure to including relativistic effects[11, 19]. We use ⟨r^2⟩_q = 0.36fm^2[11], which is consistent to Ref. [20].

Using Eq.(32) and the ground state wave functions of Eq.(12), we obtain charge radius of Δ^+ as following:

r^2_Δ+ = b^2 + r^2_{γq} + b^2 6m_q (5δ_g − δ_π − δ_η − 2δ_ρ − 2δ_ω ) + 5 6m^3_q

V_{conf} + r^2_σ . (36)

The charge radius of Δ^0 is zero exactly, which is consistent with the analysis in Ref. [10]. If we compare this with the corresponding result for the proton

r^2_p = b^2 + r^2_{γq} + b^2 2m_q (δ_g − δ_π − 2δ_ρ) + 5 6m^3_q

V_{conf} + r^2_σ , (37)

and neutron

r^2_n = − b^2 3m_q (δ_g + δ_π − 1 2 δ_η + 2δ_ρ − δ_ω) = −b^2

M_Δ − M_N M_N , (38)

we obtain from Eqs.(36-38) the parameter-independent result

r^2_Δ = r^2_p − r^2_n. (39)

So we find that the relations Eqs. (38,39) found in Ref. [10] are still tenable through we consider both pseudoscalar and vector mesons.

We list our numerical results in Table 3. The results agree with the experiment values well. By using Eq. (38) and experiment values, we can determined b=0.610fm, which agrees with the value b=0.609fm that we obtain in section 3 and use in the calculation.

Table 3: Nucleon and Δ(1232) charge radii from individual two-body exchange currents. A finite electromagnetic quark size r^2_{γq} = 0.36 fm^2 is used. The charge radius of the Δ^0 is zero in the present model. The experiment values are from Particle Data Group[12]. All entries are in [fm^2] except for the total result which is in [fm].

r^2_{imp} r^2_{gqq̄} r^2_{πqq̄} r^2_{ηqq̄} r^2_{ρqq̄} r^2_{ωqq̄} r^2_σ r^2_{conf} √ | r^2_{total} | Exp. p 0.731 0.094 −0.060 0.000 −0.060 0.000 0.029 −0.169 0.751 0.870 n 0.000 −0.063 −0.040 0.007 0.040 0.020 0.000 0.000 0.340 0.341 Δ 0.731 0.157 −0.020 −0.002 −0.020 −0.010 0.029 −0.169 0.830

The magnetic moments of Δ are defined as the q → 0 limit of the magnetic dipole form factor [8]

F_M (q^2) = 2 √ 6πM_N iq < JM_J=J T M_T | −i 4π ∫ dΩ_q [Y^1(q̂) × J(q)]^1 | JM_J=J T M_T >, (40)

We calculate nucleon and Δ(1232) magnetic moments, and N → Δ transition magnetic moments. We consider next-to-leading order term of the isovector pion pair-current not only in the case of Δ(1232) but also in the case of nucleon, and find it is really no obvious effect on the result. The numerical results are presented in Table 4. It’s found the magnetic moments of nucleon agree with experiment very well. The magnetic moments of Δ are proportional to their charge as only gluon, pion is considered. There are obvious improvements for magnetic moments of Δ. For Δ^{++}, the effect of addition of η and vector mesons gives a decrease about 1.3 from the values of Buchmann et. al., 6.9814μ_N [10]. This value is more consistent with the experiment values, 6.14 ± 0.51 by LOPEZCATRO and 4.52 ± 0.50 ± 0.45 by BOSSHARD [12]. It is just in the margin of the recent result from lattice QCD, 4.99 ± 0.56 [13]. The values of magnetic moment for Δ^+ we obtained agree with the lattice values, 2.49 ± 0.47μ_N [13], and the experiment values, 2.7^{+1.0}_{−1.3}(stat.) ± 1.5(syst.) ± 3(theor) [21]compared with the value, 3.491, in Ref. [10].

There is only a small improvement for the N → Δ transition magnetic moments. Our result is consistent with some authors, 2.44μ_N by simple nonrelativistic quark model (NRQM)[12], 2.53(2.63)μ_N by Dahiya et. al.[22] and 1.7 ∼ 3.0μ_N by Julia-Diaz et. al. [23]. The experiment values adopted by Dahiya et. al. is 3.1 μ_N [24]. The recent one is 3.642 ± 0.019 ± 0.085μ_N [25]. The results of NRQM, Dahiya et. al., Julia-Diaz et. al. and ours are smaller than the experiment values especially the latter. The problem with the underestimation of the N → Δ transition magnetic moment persists also after inclusion of both pseudoscalar and vector meson exchange currents.

Table 4: Nucleon and Δ(1232) magnetic moments, and N → Δ transition magnetic moments from individual two-body exchange currents. The experiment values of nucleon, Δ and N-Δ transition are μ_p = 2.792847337(29)μ_N, μ_n = −1.91304272(45)μ_N, μ_Δ++ = 6.14 ± 0.51μ_N (by LOPEZCATRO) and 4.52 ± 0.50 ± 0.45 (by BOSSHARD)[12], μ_Δ+ = 2.7^{+1.0}_{−1.3}(stat.) ± 1.5(syst.) ± 3(theor) [21] and μ_{p→Δ}+ = 3.642 ± 0.019 ± 0.085μ_N [25], respectively . All entries are in μ_N . μ_{imp} μ_{gqq̄} μ_{πqq̄} μ_{γππ} μ_{ηqq̄} μ_{ρqq̄} μ_{γρρ} μ_{ωqq̄} μ_σ μ_{conf} μ_{total} p 3.000 0.473 −0.141 0.469 0.000 0.000 −0.051 −0.148 0.252 −1.023 2.830 n −2.000 −0.158 0.195 −0.469 0.020 −0.101 0.051 0.049 −0.168 0.682 −1.897 Δ^{++} 6.000 1.891 0.325 0.000 0.121 −0.604 0.000 −0.592 0.504 −2.045 5.599 Δ^+ 3.000 0.945 0.162 0.000 0.061 −0.302 0.000 −0.296 0.252 −1.023 2.799 Δ^0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 Δ^− −3.000 −0.945 −0.162 0.000 −0.061 0.302 0.000 0.296 −0.252 1.023 −2.799 p → Δ^+ 2.828 0.223 −0.276 0.663 −0.057 0.142 −0.073 −0.140 0.237 −0.964 2.585

The magnetic radius is defined as the slope of the magnetic form factor at zero momentum transfer:

r^2_M = − 6 F_M (0) d dq^2

F_M (q^2) |_q2_{=0}, (41) we list our results of magnetic radii of the nucleon and Δ(1232) in Table 5. The results agree with experiment very well.

Table 5: Magnetic radii of the nucleon and Δ(1232) from individual two-body exchange currents. The magnetic radius of the Δ^0 is zero. A finite electromagnetic quark size, r^2_{γq} = 0.36 fm^2, is used. Experiment values is from Refs. [26, 27, 28]. All entries are in [fm^2], except for total results which are in [fm].

r^2_i r^2_{gqq̄} r^2_{πqq̄} r^2_{γππ} r^2_{ηqq̄} r^2_{ρqq̄} r^2_{ηρρ} r^2_{ωqq̄} r^2_σ r^2_c √ | r^2_t | Exp.

p 0.775 0.094 −0.029 0.217 0.000 0.000 −0.011 −0.011 0.047 −0.331 0.867 0.855 n 0.771 0.047 −0.263 0.324 −0.006 0.011 −0.016 −0.005 0.047 −0.329 0.885 0.873 Δ 0.783 0.191 0.034 0.000 0.011 0.220 0.000 −0.022 0.048 −0.335 0.830

From Tables 3-5, we can find the effects of mesons except for pion and sigma is nonnegligible. They provide a contribution to give better result for magnetic moment of Δ. In other cases the result is similar to the one without those mesons since the effect of those mesons can be smeared by the variation of parameters.

5 Conclusion and discussion

We calculate magnetic moments and electromagnetic radii of nucleon and Δ(1232) in an extended GBE model. With the parameters determined by the mass of nucleon and Δ(1232), the magnetic moments and electromagnetic radii of nucleon are consistent with the experiment results very well. There are obvious improvements for magnetic moments of Δ. Our result is more consistent with experiment results and results from lattice QCD calculation compared with the model which only consider pion and sigma mesons. The relations obtained from one-pion exchange survive from addition of other mesons. The results above should be helpful in better understanding the short range mechanism of quarkquark interaction.

Acknowledgements

This work is supported by the National Natural Science Foundation of China (No. 10075056 and No. 90103020), by CAS Knowledge Innovation Project No. KC2-SW-N02.

Appendix A: Charge density and exchange current

By using the Lagrangian in Eq. (1), we can evaluate Figs. A1(a-e) to obtain charge density and exchange currents as Refs. [9, 10, 11, 18].We obtain the charge density and exchange current as follows:

Figure A1: One-body and two-body exchange currents between quarks: (a) impulse, (b) gluon pair, (c) meson (π, η, η^′, ρ, ω) pair, (d) mesonic, (e) scalar(confinement, σ) pair.

a) charge density ρ^{IS/IV}_{imp} (r_i, q) = Q_iee^{iq·ri} (A1)

ρ_{gqq̄}(r_i, r_j , q) = −i α_s 16m^3_q λ^c_i · λ^c_j { Q_iee^{iq·ri} [q · r + (σ_i × q) · (σ_j × r)] + (i ↔ j) } 1 r^3

,(A2)

ρ_{πqq̄} (r_i, r_j , q) = ee^{iq·x1} ( 1 3 τ^i · τ^j + τ_{jz} )σ_i · iq 2m_q σ_j · ∇_rf_π (r) + (i ↔ j), (A3)

ρ_{ηqq̄}(r_i, r_j , q) = ee^{iq·x′1} ( 1 3 + τ_{iz} )σ_i · iq 2m_q σ_j · ∇_rf_η(r) + (i ↔ j), (A4) ρ_{ρqq̄}(r_i, r_j , q) = ee^{iq·x′i} ( 1 3 τ^i · τ^j + τ_{jz} )σ_i × iq 2m_q · σ_j × ∇_rf_ρ(r) + (i ↔ j), (A5) ρ_{ωqq̄}(r_i, r_j , q) = ee^{iq·x′i} ( 1 3 + τ_{iz} )σ_i × iq 2m_q · σ_j × ∇_rf_ω(r) + (i ↔ j). (A6)

ρ_{γππ} (r_i, r_j , q) ≈ 0, ρ_{γρρ}(r_i, r_j , q) ≈ 0. (A7)

ρ_S (r_i, r_j , q) = e^{iq·ri} Q_ie 1 (2m_q)^3 ( 3 2 q^2 − iq · ∇_r + 1 2 ∇^2_r ) V_S (r_i, r_j ). (A8) b) exchange current

J_{imp}(r_i, q) = Q_ie i 2m_q (i[σ_i × p_i, e^{iq·ri} ] + {p_i, e^{iq·ri} }). (A9)

J_{gqq̄}(r_i, r_j , q) = − α_s 4m^2_q λ^c_i · λ^c_j { Q_iee^{iq·ri} 1 2 (σ_i + σ_j ) × r + (i ↔ j) } 1 r^3

. (A10)

j^1_{πqq̄}(r_i, r_j , q) = ee^{iq·r1} ( 1 3 τ_i · τ_j + τ_{jz} ) iq 4m^2_q

× ∇_rσ_j · ∇_rf_π + (i ↔ j), (A11)

j^2_{πqq̄}(r_i, r_j , q) = ee^{iq·x1} [τ^i × τ^j ]_3σ_i(σ_j · ∇_r)V_π + (i ↔ j), (A12)

j_{ηqq̄}(r_i, r_j , q) = ee^{iq·r1} ( 1 3 + τ_{iz} ) iq 4m^2_q

× ∇_rσ_j · ∇_rf_η + (i ↔ j), (A13)

j^1_{ρqq̄}(r_i, r_j , q) = ee^{iq·x1} ( 1 3 τ_i · τ_j + τ_{iz} )(σ_1 + σ_2) × ∇_rV_ρ + (i ↔ j), (A14)

j^2_{ρqq̄}(r_i, r_j , q) = ee^{iq·x1} [τ^i × τ^j ]_3[∇_r − σ_1 × (σ_2 × ∇_r]f_ρ + (i ↔ j), (A15)

j_{ωqq̄}(r_i, r_j , q) = ee^{iq·x1} ( 1 3 + τ_{jz} )(σ_1 + σ_2) × ∇_rf_ω + (i ↔ j). (A16)

j_{γππ} (r_i, r_j , q) = eg^2 16πm^2_q

[τ_1 × τ_2]_z σ_1 · ∇_1σ_2 · ∇_2 ∫ dve^{iq·(R−vr)}(z_μ e^{−Lμr} L_μr − z_Λ e^{−LΛr} L_Λr

),(A17)

j_{γρρ}(r_i, r_j , q) = eg^2 16πm^2_q

[τ_1 × τ_2]_z

· [4m^2_q − σ_1 × ∇_1 · σ_2 × ∇_2] ∫ dve^{iq·(R−vr)}(z_μ e^{−Lμr} L_μr − z_Λ e^{−LΛr} L_Λr

). (A18)

J^{IS/IV}_S (r_i, r_j , q) = − 1 2m^2_q { Q_iee^{iq·ri} σ_i × qV_S (r_i, r_j ) + (i ↔ j) } . (A19)

We have used the following abbreviations R = (r_i + r_j )/2, z_m(q, r) = Lr + ivrq, and L(q, v) = [^1_4 q^2(1 − 4v^2) + μ^2]^{1/2} in Eqs. (A17, A18).

In the above derivation, we use strong interaction form factors given by Adam et. al. [29], and neglect the nonlocal terms as usual.

References

[1] N. Isgur and G. Karl, Phys. Lett. B72, 109(1977); Phys. Lett. B74,353(1978); Phys.

Rev. D18, 4187(1978); Phys. Rev. D19, 2653(1979).

[2] P. N. Shen, Y. B. Dong, Y. W. Yu, Z. Y. Zhang, T. S. H. lee, Phys. Rev. C552024(1997). [3] L. Ya Glozman and D. O. Riska, Phys. Rep. 268, 263(1996).

[4] R. F. Wagenbrunn, L. Ya. Glozman, W. Plessas, K. Varga, Nucl. Phys. A666&667, 29c-32c(2000); Nucl. Phys. A663&664, 703c-706c(2000); Nucl. Phys. A684, 284c- 286c(2001).

[5] L. Ya Glozman, Nucl. Phys. A 663, 103c(2000).

[6] L.R. Dai, Z.Y. Zhang, Y.W. Yu, P. Wang, Nucl. Phys. A727, 321-332(2003). [7] He Jun and Dong Yu-bing, Phys. Rev. D68, 017502(2003); J. He, Y. B. Dong, Nucl.

Phys. A725, 201(2003); J. He, Y. B. Dong, J. Phys. G29, 2737(2003). [8] M. Gari, H. Hyuga, Nucl. Phys. A264, 409(1976).

[9] A. Buchmann, Y. Yamauchi, H. Ito, A. Faessler, J. Phys. G14, 1037(1988); Y. Yamauchi, A. Buchmann, A. Faessler Nucl. Phys. A494, 401(1989); A. Buchmann, Y. Yamauchi, A. Faessler, Phys. Lett. B225, 301(1989); A. Buchmann, Y. Yamauchi, A. Faessler, Nucl. Phys. A496, 621(1989).

[10] A.J. Buchmann, E. Hernandez, Amand Faessler, Phys. Rev. C55, 448(1997). [11] A. Buchmann, E. Hernandez, K. Yazaki, Nucl. Phys. A569, 661(1994). [12] Particle Data Group, K. Hagiwara et. al, Phys. Rev. D66 1-I(2002). [13] I. C. Cloet, D. B. Leinweber, Anthony W. Thomas, Phys.Lett. B563157-164(2003). [14] D. O. Riska, G. E. Brown, Nucl. Phys. A679, 577(2001). [15] D. Jido, E. Oset, J. E. Palomar, Nucl. Phys. A709, 345(2002). [16] A. De Rujula, Howard Georgi, and S. L. Glashow, Phys. Rev. D12, 147(1975). [17] D. O. Brown and G. E. Riska, Nucl. Phys. A653, 251 (1999). [18] J. Dubach, J. H. Koch, T. W. Donnelly, Nucl. Phys. A271, 279(1976). [19] D. P. Stanly, D. Robson, Phys. Lett. B34, 400(1971). [20] A. F. Krutov, V. E. Troitsky, Eur. Phys. J. C20, 71(2001).

[21] M. kotulla et. al, Phys. Rev. Lett. 89, 272001(2003). [22] H. Dahiya, M. Gupta, Phys. Rev. D67114015(2003). [23] B. Julia-Diaz, D. O. Riska, F. Coester, hep-ph/0312169. [24] Particle Data Table Phys. Rev. D54601(1996). [25] G.Blanpied et. al, Phys. Rev. C64025203(2001). [26] I. Sick, Phys. lett. B479, 381(2000). [27] G. Kubon et. al., Phys. lett. B524, 26(2002). [28] H.W. Hammer, Ulf-G. Meissner, hep-ph/0312081. [29] J. Adam, H. Arenhöl, Nucl. Phys. A614, 289(1997).