arXiv:1302.4167v1 [hep-ph] 18 Feb 2013

PRAMANA © Indian Academy of Sciences

— journal of

physics

Quadrupole moments of low lying baryons with spin^1_2^+, spin^3_2^+, and spin^3_2^+ →^1_2^+ transitions

NEETIKA SHARMA^a , HARLEEN DAHIYA^{a, ∗}

aDepartment of Physics, Dr. B.R. Ambedkar National Institute of Technology, Jalandhar, 144011,

India

Abstract. The chiral constituent quark model (χCQM) with general parameterization (GP) method has been formulated to calculate the quadrupole moments of the spin^3_2^+ decuplet baryons and spin^3_2^+ →^1_2^+ transitions. The implications of such a model have been investigated in detail for the effects of symmetry breaking and GP parameters pertaining to the two- and three-quark contributions. It is found that the χCQM is successful in giving a quantitative and qualitative description of the quadrupole moments.

Keywords. Electromagnetic moments, Phenomenological quark models

PACS Nos. 21.10.Ky,12.39.-x

1. Introduction

One of the main challenge in the theoretical and experimental hadronic physics is to understand the structure of hadrons within the Quantum Chromodynamics (QCD) [1], which can be obtained from the measurements of electromagnetic form factors. Following the discoveries that the quarks and antiquarks carry only 30% of the total proton spin [2], the orbital angular momentum of quarks and gluons is expected to make significant contribution. In addition to this, there is a significant contribution coming from the strange quarks in the nucleon which are otherwise not present in the valence structure. It therefore becomes interesting to discuss the interplay between the spin of non valence quark and the orbital angular momentum in understanding the spin structure of baryons. Further, the experimental developments [3, 4], providing information on the radial variation of the charge and magnetization densities of the proton, give the evidence for the deviation of the charge distribution from spherical symmetry. On the other hand it is well known that the quadrupole moment of the nucleon should vanish on account of its spin-1/2 nature. This observation has naturally turned to be the subject of intense theoretical and experimental activity.

The Δ(1232) resonance is the lowest-lying excited state of the nucleon in which the search for quadrupole strength has been carried out [5, 6]. The spin and parity selection rules in the γ + p → Δ^+ transition allow three contributing photon absorption amplitudes, the magnetic dipole G_{M1}, the electric quadrupole moment G_{E2}, and the charge

∗dahiyah@nitj.ac.in

quadrupole moment G_{C2}. The G_{M1} amplitude gives us information on magnetic moment whereas the information on the intrinsic quadrupole moment can be obtained from the measurements of G_{E2} and G_{C2} amplitudes [7]. If the charge distribution of the initial and final three-quark states were spherically symmetric, the G_{E2} and G_{C2} amplitudes of the multipole expansion would be zero [8]. However, the recent experiments at Mainz, Bates, Bonn, and JLab Collaborations [9, 10] reveal that these quadrupole amplitudes are clearly non-zero [7]. The ratio of electric quadrupole amplitude to the magnetic dipole amplitude is at least^{E2}_{M1} ≡ −0.025 ± 0.005 and a comparable value of same sign and magnitude has been measured for the^{C2}_{M1} ratio [7]. Further, the quadrupole transition moment (Q^{Δ+N} ) measured by LEGS [5] and Mainz [6] Collaborations (−0.108 ± 0.009 ± 0.034 fm^2 and −0.0846 ± 0.0033 fm^2 respectively) also leads to the conclusion that the nucleon and the Δ^+ are intrinsically deformed.

There have been a lot of theoretical investigations in understanding the implications of the^{C2}_{M1} and^{E2}_{M1} ratios in finding out the exact sign of deformation in the spin^1_2^+ octet baryons. However, there is little consensus between the results even with respect to the sign of the nucleon deformation. Some of the models predict the deformation in nucleon as oblate [11], some predict a prolate nucleon deformation [12, 13] whereas others speak about “deformation” without specifying the sign. It is important to mention here that the deformation of the octet baryons is an intrinsic phenomena and has to be coupled with the orbital angular momentum to compare with the spectroscopic value. The electromagnetic structure of the^3_2^+ decuplet baryons have also been studied using the variants of the constituent quark model (CQM) [14, 15], chiral quark soliton model (χQSM) [16], spectator quark model [17], slow rotator approach (SRA) [18], skyrme model [19], general parametrization method [20], light cone QCD sum rules (QCDSR) [21], large N_c [22], chiral perturbation theory (χPT) [23] and lattice QCD (LQCD) [24], etc.. In this case also, the results for different theoretical models are not consistent in terms of sign and magnitude with each other.

One of the important nonperturbative approach in the low energy regime of QCD is the chiral constituent quark model (χCQM) [25]. The χCQM coupled with the “quark sea” generation through the chiral fluctuation of a constituent quark into a GBs, successfully explains the “proton spin crisis” [26], hyperon β decay parameters [27], strangeness content in the nucleon [28], and in the N and Δ magnetic moments [29]. Further, the χCQM coupled with the “quark sea” polarization and orbit angular momentum of the quark sea (referred as the Cheng-Li Mechanism) it is able to give a excellent fit to the 1 2 + octet and^3_2^+ decuplet baryon magnetic moments and a perfect fit to the violation of Coleman-Glashow sum rule [30]. The model has been successfully extended to explain the the magnetic moment of charmed baryons with spin^1_2^+, spin^3_2^+, spin^3_2^+ →^1_2^+ and spin^1_2^+ →^1_2^+ radiative decays [31]. In view of the above developments, it becomes desirable to calculate the quadrupole moment of the^1_2^+ octet and^3_2^+ decuplet baryons within framework of χCQM.

The purpose of the present communication is to present a unified approach to calculate the quadrupole moment of the spin^3_2^+ decuplet baryons including the spin^3_2^+ →^1_2^+ transitions within the framework of χCQM using a general parametrization (GP) method [32]. In particular, we aim to predict the sign of deformation in the baryons as prolate or oblate.

Quadrupole moments of low lying baryons

2. Quadrupole moment

The charge radii (r^2_B ) and quadrupole moments (Q^B ) are the lowest order moments of the charge density ρ in a low-momentum expansion. The charge radii contain fundamental information about the possible “size” of the baryons whereas the “shape” of a spatially extended particle is determined by its quadrupole moment [33]. With respect to the body frame of axis the intrinsic quadrupole moment is defined as

Q_0 = ∫ d^3rρ(r)(3z^2 − r^2) . (1)

For the charge density concentrated along the z-direction, the term proportional to 3z^2 dominates, Q_0 is positive, and the particle is prolate shaped. If the charge density is concentrated in the equatorial plane perpendicular to z axis, the term proportional to r^2 dominates, Q_0 is negative and the particle is oblate shaped.

The intrinsic quadrupole moment Q_0 must be distinguished from the spectroscopic quadrupole moment Q measured in the laboratory frame. A simple example will illustrate this point. Suppose one has determined the quadrupole moment Q_0 of a classical charge distribution ρ(r) with symmetry axis z and angular momentum J in the body-fixed frame according to Eq. (1). The quadrupole moment of the same charge distribution with respect to the laboratory frame is then given by

Q = P_2(cos θ) Q_0 = 1 2 ( 3 cos^2(θ) − 1 ) Q_0 = ( 3J_z′^2 − J(J + 1) 2J(J + 1) ) Q_0, (2) where θ is the angle between the body-fixed z and the laboratory frame z^′ axes, and P_2 is the second Legendre polynomial. The latter arises when transforming the spherical harmonic of rank 2 in Q_0 from body-fixed to laboratory coordinates. The third equality in Eq. (2) is obtained when cos(θ) is expressed in terms of the spin projection J_z′ on the laboratory frame z^′-axis and the total spin J of the system as cos(θ) = J_z′ / √ J^2.

Thus, in the laboratory, one does not measure the intrinsic quadrupole moment directly but only its projection onto the z^′ axis. In the quantum mechanical analogue of Eq. (2) the denominator of the projection factor is changed into (2J + 3)(J + 1). The projection factor shows that J = 0 and J = 1/2 systems have vanishing spectroscopic quadrupole moments even though they may be deformed and their intrinsic quadrupole moments are nonzero. Some information on the shape of nucleon or any other member of the octet baryon can be obtained by electromagnetically exciting the the baryon to the spin J = 3/2 or higher spin state.

The most general form of the quadrupole operator composed of a two- and three- quark term in spin-flavor space can be expressed as [32]

^Q = B^{′ 3} ∑ i≠j e_i (3σ_{i z}σ_{j z} − σ_i · σ_j ) + C^′ 3∑ i≠j≠k e_i (3σ_{j z} σ_{k z} − σ_j · σ_k) , (3)

where σ_{i z} the is the z component of the spin operator of the quark i and e_i is the quark charge. The GP method constants B^′ and C^′ parameterize the orbital and color matrix elements. The order of GP parameters B, and C, corresponding to the two- and threequark terms, decreases with the increasing complexity of terms and obey the hierarchy |B| > |C|. These are fitted by using the available experimental values for the charge radii and quadrupole moment of nucleon as input.

The quadrupole moment operators for the spin^1_2^+, spin^3_2^+ baryons, and spin^3_2^+ → 1 2 + transitions can be calculated from the operator in Eq. (3) and are expressed as

^Q^B = B^′ 3 ∑ i≠j e_iσ_{iz}σ_{jz} − 3 ∑ i e_iσ_{iz} + 3 ∑ i e_i

+C^′ 3 ∑ i≠j≠k e_iσ_{jz}σ_{kz} + 3 ∑ i e_iσ_{iz} , (4)

^Q^{B∗} = B^′ 3 ∑ i≠j e_iσ_{iz}σ_{jz} − 5 ∑ i e_iσ_{iz} + 3 ∑ i e_i

+C^′ 3 ∑ i≠j≠k e_iσ_{jz}σ_{kz} + 5 ∑ i e_iσ_{iz} − 6 ∑ i e_i , (5) ^Q^{B∗B} = 3B^′ ∑ i≠j e_iσ_{iz}σ_{jz} + 3C^′ ∑ i≠j≠k e_iσ_{jz}σ_{kz}. (6) It is clear from the above equations that the determination of quadrupole moment basically reduces to the evaluation of the flavor ( ∑ i e_i), spin ( ∑ i e_iσ_{iz}) and tensor terms ( ∑ i e_iσ_{iz} σ_{jz}) and ( ∑ i e_iσ_{jz}σ_{kz} ) for a given baryon.

Using the three-quark spin-flavor wave functions for the spin^1_2^+ octet and spin^3_2^+ decuplet baryons, the quadrupole moment can now be calculated by evaluating the matrix elements of operators in Eqs. (4), (5) and (6). We now have Q^B = ⟨B| ^Q_B |B⟩ , Q^{B∗} = ⟨B^∗| ^Q_B∗ |B^∗⟩ , Q^{B→B∗} = ⟨B^∗| ^Q_B∗_B |B⟩ , (7) where |B⟩ and |B^∗⟩ respectively, denote a spin-flavor baryon wavefunction for the spin 1 2 + octet and spin^3_2^+ decuplet baryons [34].

3. Naive Quark Model (NQM)

The appropriate operators for the spin and flavor structure of baryons in NQM [35] are defined as ∑ i e_i = ∑ q=u,d,s n^B_q q+ ∑ q̄=ū,d̄,s̄ n^B_{q̄} q̄ = n^B_u u+n^B_d d+n^B_s s+n^B_ū ū+n^B_{d̄} d̄+n^B_{s̄} s̄ , (8) and ∑ i e_iσ_{iz} = ∑ q=u,d,s (n^B_{q+} q_++n^B_{q−} q_−) = n^B_{u+} u_++n^B_{u−} u_−+n^B_{d+} d_++n^B_{d−} d_−+n^B_{s+} s_++n^B_{s−} s_− , (9) where n^B_q (n^B_{q̄} ) is the number of quarks with charge q (q̄) and n^B_{q+} (n^B_{q−} ) is the number of polarized quarks q_+ (q_−). For a given baryon u = −ū and u_+ = −u_−, with similar relations for the d and s quarks.

Quadrupole moments of low lying baryons

For the spin^1_2^+ octet baryons, the quadrupole moment of p and Σ^+ in NQM can be expressed as

Q^p = 3B^′ (2u + d − 2u_+ − d_+) + C^′ (−4u + d + 4u_+ − d_+) , (10) Q^{Σ+} = 3B^′ (2u + s − 2u_+ − s_+) + C^′ (−4u + s + 4u_+ − s_+) . (11)

For the spin^3_2^+ decuplet baryons, the quadrupole moment of Δ^+ and Ξ^{∗−} can be expressed as

Q^{Δ+} = B^′ (6u + 3d + 2u_+ + d_+) + C^′ (−6u − 3d + 10u_+ + 5d_+) , (12) Q^{Ξ∗−} = B^′ (3d + 6s + d_+ + 2s_+) + C^′ (−3d − 6s + 5d_+ + 10s_+) . (13)

Similarly, for the spin^3_2^+ →^1_2^+ transitions, the quadrupole moment of the Δ^+p and Σ^{∗−}Σ^− transitions can be expressed as

Q^{Δ+p} = 2 √ 2B^′ (u_+ − d_+) + 2 √ 2C^′ (−u + d) , (14) Q^{Σ∗−Σ−} = 2 √ 2B^′ (d_+ − s_+) + 2 √ 2C^′ (−d + s) . (15)

The expressions for quadrupole moment of the other^1_2^+ octet and^3_2^+ decuplet baryons, and for spin^3_2^+ →^1_2^+ transitions in NQM can similarly be calculated. The results are presented in Tables 1, 2, and 3.

4. Chiral constituent quark model (χCQM)

In light of the recent developments and successes of the χCQM in explaining the low energy phenomenology [26–30], we formulate the quadrupole moments for the^3_2^+ decuplet baryons and spin^3_2^+ →^1_2^+ transitions. The basic process in the χCQM [25] is the Goldstone Boson (GB) emission by a constituent quark which further splits into a qq̄ pair as q_± → GB^0 + q^′_∓ → (qq̄^′ ) + q^′_∓ , (16)

where qq̄^′ + q^′ constitute the “quark sea” [36].

The effective Lagrangian describing the interaction between quarks and a nonet of GBs is L = g_8q̄Φq , (17)

with

Φ = π^0√

2 + β^{η√}_6 + ζ^{η′√}_3 π^+ αK^+ π^− −^{π0√}_2 + β^{η√}_6 + ζ^{η′√}_3 αK^0 αK^− αK̄^0 −β^{2η√}_6 + ζ^{η′√}_3 and q = u d s .(18)

where ζ = g_1/g_8, g_1 and g_8 are the coupling constants for the singlet and octet GBs, respectively. If the parameter a(= |g_8|^2) denotes the transition probability of chiral fluctuation of the splitting u(d) → d(u) + π^{+(−)}, then α^2a, β^2a and ζ^2a respectively, denote the probabilities of transitions of u(d) → s + K^{−(o)}, u(d, s) → u(d, s) + η, and u(d, s) → u(d, s) + η^′ . SU(3) symmetry breaking is introduced by considering M_s >

M_{u,d} as well as by considering the masses of GBs to be nondegenerate (M_{K,η} > M_π and M_η′ > M_{K,η}) [26, 36, 37].

A redistribution of the flavor and spin structure takes place in the interior of baryons due to the chiral symmetry breaking and the modified flavor and spin structure can be calculated by substituting for every constituent quark q → P_q q + |ψ(q)|^2 , (19) q_± → P_q q_± + |ψ(q_±)|^2 , (20) where P_q is the transition probability of no emission of GB from any of the q quark and |ψ(q)|^2 (|ψ(q_±)|^2) is the transition probability of the q (q_±) quark, which have been detailed in Ref. [26].

After the inclusion of “quark sea”, the quadrupole moment for the spin^1_2^+ octet baryons vanishes on account of the effective cancelation of contribution coming from the “quark sea” and the orbital angular momentum as observed spectroscopically. For the spin^3_2^+ decuplet baryons, the quadrupole moment in χCQM can be obtained by substituting Eqs. (19) and (20) for each quark in Eqs. (10) and (11). The quadrupole moment of Δ^+ and Ξ^{∗−} in χCQM can be expressed as

Q^{Δ+} = 4B^′ + 2C^′ − (B^′ + 5C^′)a ( 2 + β^2 3 + 2ζ^2 3 ) , (21)

Q^{Ξ∗−} = −4B^′ − 2C^′ + (B^′ + 5C^′)a ( 4α^2 3 + β^2 +

2ζ^2 3 ) . (22)

Similarly, the quadrupole moment of Δ^+p and Σ^{∗−}Σ^− transitions in χCQM can be expressed as

Q^{Δ+p} = 2 √ 2 [ B^′ ( 1 − a ( 1 + α^2 + β^2 3 + 2ζ^2 3 )) − C^′ ] , (23)

Q^{Σ∗−Σ−} = 2 √ 2B^′a ( α^2 3 − β^2 3 ) . (24)

The expressions for the quadrupole moment of other^3_2^+ decuplet baryons and spin^3_2^+ → 1 2 + transitions in χCQM can similarly be calculated. The results are presented in Tables 2 and 3.

5. Results and Discussion

The quadrupole moment calculations involve two set of parameters, the GP method parameters (B^′ and C^′) and the SU(3) symmetry breaking parameters of χCQM (a, aα^2, aβ^2, and aζ^2). In order to obtain a simultaneous fit to charge radii and quadrupole moments, the GP parameters were fitted to the presently available data for the charge radii of nucleon and quadrupole moment of Δ^+N transition as input. The set of parameters obtained after χ^2 minimization are as follows

B^′ = −0.047 , C^′ = −0.008 , (25)

obeying the hierarchy |B^′| > |C^′| [38] corresponding to the two- and three- quark contribution. For the χCQM parameters, a best fit is obtained by carrying out a fine grained analysis of the spin and flavor distribution functions of proton [26–30] leading to

a = 0.12 , α = 0.7 , β = 0.4 , ζ = −0.15 . (26)

Quadrupole moments of low lying baryons

It would be interesting to mention here that in the present work we have used the same set of χCQM parameters used to calculate the magnetic moment of baryons [26, 30].

Using the set of parameters discussed above, we have calculated the numerical values for the quadrupole moment for the^3_2^+ decuplet baryons in χCQM and presented the results in Table 4. The results of the spin^3_2^+ →^1_2^+ transitions have been presented in Table 5. To understand the implications of chiral symmetry breaking and “quark sea”, we have also presented the results of NQM. Since the calculations in χCQM have been carried out using the GP method, the NQM results have also been presented by including the two-, and three- quark term contributions of the GP parameters so that the contribution of the “quark sea” effects can be calculated explicitly. For the case of spin^1_2^+ octet baryons, we find that the quadrupole moments are zero for all the cases in NQM. Even if we consider the contribution coming from two-quark terms with the inclusion of “quark sea”, and SU(3) symmetry breaking effects the quadrupole moments still remain zero. Because of the angular momentum conservation, the quadrupole moments of particles with total angular momentum 1/2 are zero and remain zero, no matter how complicated the operator or wave function. However, the non zero value can be obtained for the ‘intrinsic’ quadrupole moments. Further, the inclusion of orbital angular momentum contribution would lead to a zero spectroscopic quadrupole moment because the ”quark sea” spin and orbital angular momentum contribute with the opposite sign. This also agrees with the experimental observations. In the case of^3_2^+ decuplet baryons, the quadrupole moments of the charged baryons are equal whereas all neutral baryons have zero quadrupole moment.

For the^3_2^+ decuplet, and radiative decays of baryons, it can be easily shown that in the SU(3) symmetric limit, the magnitude of quadrupole moments can be expressed by the following relations

Q^{Δ++} 2 = Q^{Δ+} = Q^{Δ−} = Q^{Σ∗+} = Q^{Σ∗−} = Q^{Ξ∗−} = Q^{Ω−} , (27)

Q^{Δ+p} = Q^{Σ∗+Σ+} = 2Q^{Σ∗0Σ0} = Q^{Ξ∗0Ξ0} = 2 √ 3 Q^{Σ∗0Λ} . (28)

The inclusion of SU(3) symmetry breaking changes this pattern considerably and we obtain Q^{Ω−} > Q^{Ξ∗−} > Q^{Σ∗−} > Q^{Δ−} > Q^{Δ++} 2 > Q^{Δ+} > Q^{Σ∗+} ,

2Q^{Σ∗0Σ0} > Q^{Ξ∗0Ξ0} = Q^{Σ∗+Σ+} > Q^{Δ+p} = 2 √ 3 Q^{Σ∗0Λ} . (29)

Also we have

Q^{Ξ∗0} = Q^{Σ∗0} = Q^{Δ0} , (30)

which has its importance in the isospin limit where the three-quark core in neutral baryons does not contribute to the quadrupole moment. In the limit of SU(3) symmetry breaking, a non vanishing value for the neutral baryons quadrupole moment is generated by the “quark sea” through the chiral fluctuations of constituent quarks leading to

Q^{Ξ∗0} > Q^{Σ∗0} > Q^{Δ0} . (31)

In the SU(3) limit, the transition moments involving the negatively charged baryons are zero

Q^{Ξ∗−Ξ−} = Q^{Σ∗−Σ−} = 0. (32)

This is because, if flavor symmetry is exact, U-spin conservation forbids such transitions. The exact order of SU(3) symmetry breaking effects can be easily found from Tables 4 and 5. Since there is no experimental or phenomenological information available for any of these quadrupole moments, the accuracy of these relations can be tested by the future experiments.

For the spin^3_2^+ decuplet baryons presented in Table 4, quadrupole moments results in NQM using the GP method predict an oblate shape for all positively charged baryons (Δ^{++}, Δ^+, and Σ^{∗+}), prolate shape for negatively charged baryons (Δ^−, Σ^{∗−}, Ξ^{∗−}, and Ω^−). It is important to mention here that the NQM is unable to explain the deformation in neutral baryons (Δ^0, Σ^{∗0}, and Ξ^{∗0}). On incorporating the effects of chiral symmetry breaking and “quark sea” in the χCQM, a small amount of prolate deformation in neutral baryons (Δ^0, Σ^{∗0}, and Ξ^{∗0}) is observed. The trend of deformations is however the same for the positively and negatively charged baryons in χCQM and NQM. The other phenomenological models also observe a similar trend, for example, light cone QCD sum rules [21], spectator quark model [17], lattice QCD [24], χPT [23], chiral quark soliton model (χQSM) [16], etc..

For the case of spin^3_2^+ →^1_2^+ transitions in Table 5, it is observed that quadrupole moments of all the transitions are oblate in shape. This result is further endorsed by the predictions of Skyrme model [19]. The effects of chiral symmetry breaking can further be substantiated by a measurement of the other transition quadrupole moments.

6. Summary and Conclusion

To summarize, χCQM is able to provide a fairly good description of the quadrupole moments of spin^3_2^+ decuplet baryons and spin^3_2^+ →^1_2^+ transitions using general parameterization (GP) method. For the spin^3_2^+ decuplet baryons prolate shape is observed for the neutral decuplet baryons (Δ^0, Σ^{∗0}, and Ξ^{∗0}). This trend of deformation is same for the positively and negatively charged baryons in χCQM as well as other phenomenological models, for example, light cone QCD sum rules [21], spectator quark model [17], lattice QCD [24], χPT [23], chiral quark soliton model (χQSM) [16], etc.. For the case of spin 3 2 + →^1_2^+ transitions, the oblate shape of the quadrupole moments of all the transitions are endorsed by the predictions of Skyrme model [19]. New experiments aimed at measuring the quadrupole moments of other baryons as well as transitions would provide us with valuable information on the structure of the baryons which is needed for a profound understanding of the nonperturbative regime of QCD.

Acknowledgments

This work was partly supported by Department of Science and Technology, Government of India (SR/S2/HEP-0028/2008) and Department of Atomic Energy, Government of India (2010/37P/48/BRNS/1445).

References

[1] R.G. Sachs, Phys. Rev. 126, 2256 (1962).

Quadrupole moments of low lying baryons

[2] J. Ashman et al. (European Muon Collaboration), Phys. Lett. B 206, 364 (1988); J. Ashman et al. (European Muon Collaboration), Nucl. Phys. B 328, 1 (1989).

[3] J.J. Kelly, Phys. Rev. C 66, 065203 (2002); J. Friedrich and T. Walcher, Eur. Phys. J. A 17, 607 (2003).

[4] S.L. Glashow, Physica (Amsterdam) 96 A, 27 (1979).

[5] G. Blanpied et al., (The LEGS Collaboration) Phys. Rev. Lett. 79, 4337 (1997); R. Beck et al., Phys. Rev. Lett. 78, 606 (1997); Phys. Rev. C 64, 025203 (2001).

[6] L. Tiator et al., Eur. Phys. J. A 17, 357 (2003).

[7] K. Nakamura et al. (Particle Data Group), J. Phys. G 37, 075021 (2010). [8] C. Becchi and G. Morpurgo, Phys.Lett. 17, 352, (1965).

[9] O. Gayou et al., Phys. Rev. C 64, 038202 (2001); O. Gayou et al., Phys. Rev. Lett. 88, 092301 (2002); S. Taylor et al. (CLAS Collaboration), Phys. Rev. C 71, 054609 (2005); V. Punjabi et al., Phys. Rev. C 71, 055202 (2005); C.B. Crawford et al., Phys. Rev. Lett. 98, 052301 (2007).

[10] A.M. Bernstein, Eur. Phys. J. A 17, 349 (2003); C.N. Papanicolas, Eur. Phys. J. A 18, 141 (2003).

[11] M.M. Giannini, D. Drechsel, H. Arenhovel, and V. Tornow, Phys. Lett. B 88, 13 (1979); V.

Vento, G. Baym, and A.D. Jackson, Phys. Lett. B 102, 97 (1981); Z.Y. Ma and J. Wambach, Phys. Lett. B 132, 1 (1983); C. Alexandrou et al., Phys. Rev. D 69, 114506 (2004); Phys. Rev. Lett. 94 021601 (2005).

[12] G. Clement and M. Maamache, Ann. Phys. N.Y. 165, 1 (1984); A.B. Migdal, Pisma Zh. Eksp.

Teor. Fiz. 46, 256 (1987); JETP Lett. 46, 322 (1987); A.J. Buchmann, in Baryons 98, edited by D.W. Menze and B. Metsch, World Scientific, Singapore, 731, (1999).

[13] A.J. Buchmann, E. Hernandez, and A. Faessler, Phys. Rev. C 55, 448 (1997); A.J. Buchmann and E.M. Henley, Phys. Rev. D 63, 015202 (2001); Phys. Rev. D 65, 073017 (2002); A.J. Buchmann, J.A. Hester, and R.F. Lebed, Phys. Rev D 66, 056002 (2002); A.J. Buchmann, arXiv:hep-ph/0301031v1; A.J. Buchmann and R.F. Lebed, Phys. Rev. D 67, 016002 (2003).

[14] N. Isgur, G. Karl, and R. Koniuk, Phys. Rev. D 25, 2394 (1982); W.J. Leonard and W.J.

Gerace, Phys. Rev. D 41, 924 (1990); G. Wagner, A.J. Buchmann and A. Faessler, J. Phys. G 26, 267 (2000).

[15] M.I. Krivoruchenko and M.M. Giannini, Phys. Rev. D 43, 3763 (1991). [16] T. Ledwig, A. Silva, and M. Vanderhaeghen, Phys. Rev. D 79, 094025 (2009). [17] G. Ramalho and M.T. Pena, J. Phys. G 36, 085004 (2009); G. Ramalho, M.T. Pena, F. Gross, Phys. Lett. B 678, 355 (2009); Phys. Rev. D 81, 113011 (2010).

[18] B. Schwesinger and H. Weigel, Nucl. Phys. A 450, 461 (1992); J. Kroll and B. Schwesinger, Phys. Lett. B 334, 287 (1994).

[19] Yongseok Oh, Mod. Phys. Lett. A 10, 1027 (1995); A. Abada, H. Weigel, and H. Reinhardt, Phys. Lett. B 366, 26 (1996).

[20] A.J. Buchmann and E.M. Henley, Phys. Rev. D 65, 073017 (2002); A.J. Buchmann, arXiv:0712.4383v1; A.J. Buchmann and E.M. Henley, Eur. Phys. J. A 35, 267 (2008).

[21] K. Azizi, Eur. Phys. J. C 61, 311 (2009); T.M. Aliev, K. Azizi, and M. Savci, Phys. Lett. B 681, 240 (2009).

[22] A.J. Buchmann, J.A. Hester and R.F. Lebed, Phys. Rev. D 66, 056002 (2002); A.J. Buchmann and R.F. Lebed, Phys. Rev. D 67, 016002 (2003).

[23] M.N. Butler, M.J. Savage, and R.P. Springer, Phys. Rev. D 49, 3459 (1994); M.K. Banerjee and J. Milana, Phys. Rev. D 54, 5804 (1996); D. Arndt and B.C. Tiburzi, Phys. Rev. D 68, 114503 (2003); Erratum-ibid. D 69, 059904 (2004); L.S. Geng, J.M. Camalich, and M.J.V. Vacas, Phys. Rev. D 80, 034027 (2009).

[24] D.B. Leinweber, T. Draper, and R.M. Woloshyn, Phys. Rev. D 46, 3067 (1992); C. Alexandrou, T. Korzec, T. Leontiou, J.W. Negele, and A. Tsapalis, PoS LAT 2007, 149 (2007); C. Alexandrou et al., Nucl. Phys. A 825, 115 (2009); C. Alexandrou et al., Phys. Rev. D 79, 014507 (2009);S. Boinepalli, D.B. Leinweber, P.J. Moran, A.G. Williams, J.M. Zanotti, and J.B. Zhang, Phys. Rev. D 80, 054505 (2009).

[25] S. Weinberg, Physica A 96, 327 (1979); A. Manohar and H. Georgi, Nucl. Phys. B 234, 189 (1984).

Neetika Sharma and Harleen Dahiya

[26] H. Dahiya and M. Gupta, Phys. Rev. D 64, 014013 (2001); 67, 074001 (2003); Int. J. Mod.

Phys. A 19, 5027 (2004); 21, 4255 (2006).

[27] N. Sharma, H. Dahiya, P.K. Chatley, and M. Gupta, Phys. Rev. D 79, 077503 (2009); N.

Sharma, H. Dahiya, and P.K. Chatley, Eur. Phys. J. A 44, 125 (2010).

[28] N. Sharma and H. Dahiya, Phys. Rev. D 81, 114003 (2010); H. Dahiya and N. Sharma, Mod.

Phys. Lett. A 26, 279 (2011).

[29] H. Dahiya and M. Gupta, Eur. Phys. J. C 52, 571 (2007); Phys. Rev. D 78, 014001 (2008). [30] H. Dahiya and M. Gupta, Phys. Rev. D 66, 051501(R) (2002); 67, 114015 (2003); 67, 074001 (2003).

[31] N. Sharma, H. Dahiya, P.K. Chatley, and M. Gupta, Phys. Rev. D 81, 073001 (2010). [32] G. Morpurgo, Phys. Rev. D 40, 2997 (1989);41, 2865 (1990); G. Dillon and G. Morpurgo, Phys. Rev. D 53, 3754 (1996); 68, 014001 (2003); 75, 073007 (2007).

[33] A.J. Buchmann and E.M. Henley, Phys. Rev. C 63, 015202 (2000); A.J. Buchmann, Phys.

Rev. Lett. 93, 212301 (2004); Proceedings of the Shape of Hadrons Workshop, Athens, Greece, edited by C.N. Papanicolas and A.M. Bernstein, AIP Conference Proceedings 904, 110 (2007); arXiv:0712.4270; AIP Conf. Proc. 904, 110 (2007).

[34] A.L. Yaouanc, L. Oliver, O. Pene, and J.C. Raynal, Phys. Rev. D 15, 844 (1977); M. Gupta and A.N. Mitra, Phys. Rev. D 18, 1585 (1978).

[35] A.D. Rujula, H. Georgi, and S.L. Glashow, Phys. Rev. D 12, 147 (1975); N. Isgur and G.

Karl, Phys. Rev. D 21, 3175 (1980); N. Isgur, G. Karl, and D.W.L. Sprung, Phys. Rev. D 23, 163 (1981); P. Geiger and N. Isgur, Phys. Rev. D 55, 299 (1997).

[36] T.P. Cheng and L.F. Li, Phys. Rev. Lett. 74, 2872 (1995); Phys. Rev. D 57, 344 (1998); X.

Song, J.S. McCarthy, and H.J. Weber, Phys. Rev. D 55, 2624 (1997); X. Song, Phys. Rev. D 57, 4114 (1998); J. Linde, T. Ohlsson and H. Snellman, Phys. Rev. D 57, 452 (1998); 5916 (1998).

[37] V. Mathieu and V. Vento, Phys. Lett.B 688, 314 (2010).

[38] G. Morpurgo, Phys. Rev. D 46, 4068 (1992); G. Dillon and G. Morpurgo, Phys. Lett. B 448, 107 (1999).

Table 1. Quadrupole moments of the octet baryons in NQM using GP method. Baryons NQM

p 3B^′ (2u + d − 2u_+ − d_+) + C^′ (−4u + d + 4u_+ − d_+) n 3B^′ (u + 2d − u_+ − 2d_+) + C^′ (u − 4d − u_+ + 4d_+) Σ^+ 3B^′ (2u + s − 2u_+ − s_+) + C^′ (−4u + s + 4u_+ − s_+) Σ^− 3B^′ (2d + s − 2d_+ − s_+) + C^′ (−4d + s + 4d_+ − s_+) Σ^0 3B^′ (u + d + s − u_+ − d_+ − s_+) +C^′ (−2u − 2d + s + 2u_+ + 2d_+ − s_+) Ξ^0 3B^′ (u + 2s − u_+ − 2s_+) + C^′ (u − 4s − u_+ + 4s_+) Ξ^− 3B^′ (d + 2s − d_+ − 2s_+) + C^′ (d − 4s − d_+ + 4s_+) Λ^0 3B^′ (u + d + s − u_+ − d_+ − s_+) + 3C^′ (−s + s_+)

Quadrupole moments of low lying baryons

Table 2. Quadrupole moments of the decuplet baryons in NQM and χCQM using GP

method.

Baryon NQM χCQM

Δ^{++} B^′ (9u + 3u_+) + C^′ (−9u + 15u_+) 8B^′ + 4C^′ − (B^′ + 5C^′)^a_3 ( 9 + 3α^2 + 2β^2 + 4ζ^2 ) Δ^+ B^′ (3(2u + d) + 2u_+ + d_+) + C^′ (−3(2u + d) + 5(2u_+ + d_+)) 4B^′ + 2C^′ − (B^′ + 5C^′)^a_3 ( 6 + β^2 + 2ζ^2 ) Δ^0 B^′ (3(u + 2d) + u_+ + 2d_+) + C^′ (−3(u + 2d) + 5(u_+ + 2d_+)) (B^′ + 5C^′)a ( −1 + α^2 ) Δ^− B^′ (9d + 3d_+) + C^′ (−9d + 15d_+) −4B^′ − 2C^′ + (B^′ + 5C^′)^a_3 ( 6α^2 + β^2 + 2ζ^2 ) Σ^{∗+} B^′ (3(2u + s) + 2u_+ + s_+) + C^′ (−3(2u + s) + 5(2u_+ + s_+)) 4B^′ + 2C^′ − (B^′ + 5C^′)^a_3 ( 6 + α^2 + 2ζ^2 ) Σ^{∗−} B^′ (3(2d + s) + 2d_+ + s_+) + C^′ (−3(2d + s) + 5(2d_+ + s_+)) −4B^′ − 2C^′ + (B^′ + 5C^′)^a_3 ( 5α^2 + 2β^2 + 2ζ^2 ) Σ^{∗0} B^′ (3(u + d + s) + u_+ + d_+ + s_+) (B^′ + 5C^′)^a_3 ( −3 + 2α^2 + β^2 ) +C (−3(u + d + s) + 5(u_+ + d_+ + s_+))

Ξ^{∗0} B^′ (3(u + 2s) + u_+ + 2s_+) + C^′ (−3(u + 2s) + 5(u_+ + 2s_+)) (B^′ + 5C^′)^a_3 ( −3 + α^2 + 2β^2 ) Ξ^{∗−} B^′ (3(d + 2s) + d_+ + 2s_+) + C^′ (−3(d + 2s) + 5(d_+ + 2s_+)) −4B^′ − 2C^′ + (B^′ + 5C^′)^a_3 ( 4α^2 + 3β^2 + 2ζ^2 ) Ω^− B^′ (9s + 3s_+) + C^′ (−9s + 15s_+) −4B^′ − 2C^′ + (B^′ + 5C^′)^a_3 ( 3α^2 + 4β^2 + 2ζ^2 )

Table 3. Quadrupole moments of the spin^3_2^+ →^1_2^+ transitions in NQM and χCQM

using GP method.

Baryon NQM χCQM

Δ^+p 2 √ 2B^′ (u_+ − d_+) + 2 √ 2C^′ (−u + d) 2 √ 2B^′ ( 1 −^a_3 (3 + 3α^2 + β^2 + 2ζ^2) ) − 2 √ 2C^′

Σ^{∗+}Σ^+ 2 √ 2B^′ (u_+ − s_+) + 2 √ 2C^′ (−u + s) 2 √ 2B^′ ( 1 −^a_3 (3 + 2α^2 + 2β^2 + 2ζ^2) ) − 2 √ 2C^′

Σ^{∗−}Σ^− 2 √ 2B^′ (d_+ − s_+) + 2 √ 2C^′ (−d + s)^2 √ 2 3 B^′a ( α^2 − β^2 ) Σ^{∗0}Σ^0 √ 2B^′ (u_+ + d_+ − 2s_+) + √ 2C^′ (−u − d + 2s) √ 2B^′ ( 1 − a(1 +^{α2}_3 + β^2 +^2_3 ζ^2) ) − √ 2C^′

Ξ^{∗0}Ξ^0 2 √ 2B^′ (u_+ − s_+) + 2 √ 2C^′ (−u + s) 2 √ 2B^′ ( 1 −^a_3 (3 + 2α^2 + 2β^2 + 2ζ^2) ) − 2 √ 2C^′

Ξ^{∗−}Ξ^− 2 √ 2B^′ (d_+ − s_+) + 2 √ 2C^′ (−d + s)^2 √ 2 3 B^′a ( α^2 − β^2 ) Σ^{∗0}Λ √ 6B^′ (u_+ − d_+) + √ 6C^′ (−u + d) √ 6B^′ ( 1 −^a_3 (3 + 3α^2 + β^2 + 2ζ^2) ) − √ 6C^′

Table 4. Quadrupole moments of the spin^3_2^+ decuplet baryons in χCQM using GP

method and SU(3) symmetry breaking .

Baryon NQM CQM χPT SRA Skyrme GPM χCQM with SU(3)

[15] [23] [18] [19] [20] symmetry symmetry

breaking

fm^2 10^{−2} fm^2 10^{−1} fm^2 10^{−1} fm^2 10^{−2} fm^2 fm^2 fm^2 fm^2

Δ^{++} −0.409 −9.3 −0.8 ± 0.5 −0.87 −8.8 −0.12 −0.3437 −0.3695

Δ^+ −0.204 −4.6 −0.3±0.2 −0.31 −2.9 −0.06 −0.1719 −0.1820

Δ^0 0.0 0.0 0.12 ±0.05 0.24 2.9 0.0 0.0 0.0055

Δ^− 0.204 4.6 0.6 ±0.3 0.80 8.8 0.06 0.1719 0.1930

Σ^{∗+} −0.204 −5.4 −0.7 ±0.3 −0.42 −7.1 −0.069 −0.1719 −0.1808

Σ^{∗−} 0.204 4.0 4.0 ± 0.2 0.52 7.1 0.039 0.1719 0.1942

Σ^{∗0} 0.0 −0.7 −0.13 ±0.07 0.05 0.0 0.014 0.0 0.0067

Ξ^{∗0} 0.0 −1.3 −0.35 ±0.2 −0.07 −4.6 −0.1719 0.0 0.0079

Ξ^{∗−} 0.204 3.4 0.2 ±0.1 0.35 4.6 0.024 0.1719 0.1954

Ω^− 0.204 2.8 0.09±0.05 0.24 0.0 0.014 0.1719 0.1966

Table 5. Quadrupole moments of the spin^3_2^+ →^1_2^+ decuplet to octet transitions in χCQM using GP method and SU(3) symmetry breaking.

Baryon NQM Skyrme GPM χCQM with SU(3) [19] [20] symmetry symmerty breaking fm^2 10^{−2} fm^2 fm^2 fm^2 fm^2 Δ^+p −0.110 −5.2 −0.082 −0.0608 −0.0846 −0.0846 ± 0.0033 Σ^{∗+}Σ^+ −0.110 −0.93 −0.076 −0.0608 −0.0864 Σ^{∗−}Σ^− 0.0 0.93 0.014 −0.0608 −0.0018 Σ^{∗0}Σ^0 −0.055 0.0 −0.031 0.0 −0.0441 Ξ^{∗0}Ξ^0 −0.110 2.91 −0.031 −0.0608 −0.0864 Ξ^{∗−}Ξ^− 0.0 −2.91 0.007 0.0 −0.0018 Σ^{∗0}Λ −0.096 −4.83 −0.041 −0.0526 −0.0733