arXiv:hep-ph/0512176 v1 14 Dec 2005

On the Σ^0 → Λ^0 + γ decay in the Effective quark model with chiral U(3) × U(3) symmetry

A. N. Ivanov^{1,2,3 ∗†}, A. Ya. Berdnikov^3, Ya. A. Berdnikov^3, M. Faber^1, V. A. Ivanova^3, V. F. Kosmach^3, A. V. Nikitchenko^3, N. I. Troitskaya^3

December 14, 2005

1Atominstitut der Österreichischen Universitäten, Technische Universität Wien, Wiedner Hauptstrasse 8-10, A-1040 Wien, Österreich and 2Stefan Meyer Institut für subatomare Physik, Österreichische Akademie der Wissenschaften, Boltzmanngasse 3, A-1090, Wien, Österreich and 3State Polytechnic University, Polytechnicheskaya 29, 195251, St Petersburg, Russian Federation

Abstract

We analyse the angular distributions of the Σ^0 → Λ^0γ decay rate in the laboratory and in the rest frame of the Σ^0 – hyperon in the dependence on baryon polarizations. We calculate the dynamical polarization vector of the Λ^0 – hyperon. Within the Effective quark model with chiral U(3) × U(3) symmetry (PRC 59, 451 (1999)) we calculate the transition magnetic moment μ_Σ0_Λ0 . The theoretical value μ_Σ0_Λ0 = − 1.62, measured in nuclear magnetons, agrees well with the experimental data |μ^{exp}_{Σ0 Λ0} | = (1.61 ± 0.08) and the theoretical result, predicted within the naive quark model μ_Σ0_Λ0 = ( √ 3/4)(μ_Σ− − μ_Σ+ ) = (− 1.57 ± 0.01).

PACS: 13.30.Eg, 13.75.Ev, 13.88.+e, 14.20.Jn

∗Corresponding author. E–mail: ivanov@kph.tuwien.ac.at, Tel.: +43–1–58801–14261, Fax: +43–1– 58801–14299

†Permanent Address: State Polytechnic University, Department of Nuclear Physics, 195251 St. Petersburg, Russian Federation

1 Introduction

The Effective quark model with chiral U(3) × U(3) symmetry [1] has been successfully applied to the calculation of the non–leptonic decays of charmed Λ^+_c – baryon [2, 3], the S–wave amplitudes of K̄N and K^−d scattering at threshold [5, 6] and the analysis of the polarization properties of the Λ^0 – hyperon, produced from the Quark–gluon plasma [7]. The value of the σ_{πN} – term, σ_{πN} = 60 MeV calculated within the Effective quark model with chiral U(3) × U(3) symmetry [1], agrees well with the experimental value σ^{exp}_{πN} = 61^{+ 1}_{− 4} MeV, extracted from the experimental data on the energy level displacement of the ground state of pionic hydrogen [4].

In this paper we apply the Effective quark model with chiral U(3) × U(3) symmetry to the calculation of the transition magnetic moment μ_Σ0_Λ0 , responsible for the Σ^0 → Λ^0 + γ decay. A new interest to this decay is connected with the experimental search for the Kaonic Nuclear Cluster K^−pp state (the KNC^2_{K̄} H) [8], predicted within the Potential model approach by Akaishi and Yamazaki [9] and the Phenomenological quantum field theory model in [10]. Experimentally the existence of the KNC^2_{K̄} H is analysed by means of the invariant–mass spectrum of the Λ^0p pair, induced by the decays^2_{K̄} H → Λ^0 + p and 2 K̄ H → Σ^0 + p. Due to the decay Σ^0 → Λ^0 + γ the experimental invariant–mass spectrum of the Λ^0p pair should contain two peaks. One of these peaks is located at the mass of the KNC^2_{K̄} H. It is defined by the^2_{K̄} H → Λ^0 + p decay. Another one is shifted to left from the mass of the KNC^2_{K̄} H by about 78 MeV. This shift is defined by the photon energy in the^2_{K̄} H → Σ^0 + p → Λ^0 + γ + p cascade decay.

The paper is organized as follows. In Section 2 we calculate the angular distributions of the Σ^0 → Λ^0γ decay rate in the laboratory and in the rest frame of the Σ^0 – hyperon in dependence on the polarizations of the baryons. We calculate the dynamical polarization vector of the Λ^0 – hyperon. In Section 3 we calculate the transition magnetic moment μ_Σ0_Λ0 = − 1.62, measured in nuclear magnetons. The calculation is carried out in the Effective quark model with chiral U(3) × U(3) symmetry. The theoretical result agrees well with the experimental value |μ^{(exp)}_{Σ0 Λ0} | = (1.61±0.08) [11] and the theoretical prediction within the naive quark model μ_Σ0_Λ0 = − 1.57 ± 0.01 [12]. In the Conclusion we discuss the obtained results.

2 Angular distribution of the Σ^0 → Λ^0γ decay rate

The Σ^0 → Λ^0γ decay is the M1 electromagnetic transition. The amplitude of this transition is defined by

M(Σ^0 → Λ^0γ) = √ 4πα e^∗_μ(k, λ)⟨Λ^0(k_Σ0 , σ_Σ0 )|J^μ(0)|Σ^0(k_Λ0 , σ_Λ0 )⟩, (2.1)

where J^μ(0) is the electromagnetic hadronic current, e^∗_μ(k, λ) is a polarization vector of a photon and α = 1/137.036 is the fine–structure constant. Due to the M1 transition the matrix element of the electromagnetic hadronic current is

⟨Λ^0(k_Σ0 , σ_Σ0 )|J^μ(0)|Σ^0(k_Λ0 , σ_Λ0 )⟩ = − g_Σ0_Λ0 ū_Λ0 (k_Λ0 , σ_Λ0 )σ^{μν} k_ν u_Σ0 (k_Σ0 , σ_Σ0 ), (2.2)

where σ^{μν} = (γ^μγ^ν − γ^ν γ^μ)/2, g_Σ0_Λ0 is the effective coupling constant of the transition Σ^0 → Λ^0, caused by strong low–energy interactions, and k = k_Σ0 − k_Λ0 , and ū_Λ0 (k_Λ0 , σ_Λ0 ) and u_Σ0 (k_Σ0 , σ_Σ0 ) are the bispinors of the Λ^0 and Σ^0 hyperons, normalized by ū_Y (k_Y , σ_Y )u_Y (k_Y , σ_Y ) = 2m_Y for Y = Σ^0 and Λ^0.

The width of the Σ^0 → Λ^0γ decay for unpolarized baryons is proportional to 1 2 ∑ σ_{Λ0} =±1/2 ∑ σ_{Σ0} =±1/2 ∑ λ=±1 |M(Σ^0 → Λ^0γ)|^2 =

= 2παg^2_Σ0_Λ0 ∑ λ=±1 e^∗_μ(k, λ)e_α(k, λ)k_ν k_β tr{(m_Σ0 + k̂_Σ0 )σ^{μν} (m_Λ0 + k̂_Λ0 )σ^{αβ}} =

= 2παg^2_Σ0_Λ0 ∑ λ=±1 e^∗_μ(k, λ)e_α(k, λ)k_ν k_β tr{k̂_Σ0 σ^{μν}k̂_Λ0 σ^{αβ}} = 32πα g^2_Σ0_Λ0 (k · k_Σ0 )(k · k_Λ0 ) =

= 32πα g^2_Σ0_Λ0 m^2_Σ0 ω^2_0 , (2.3)

where ω_0 = (m^2_{Σ0} − m^2_{Λ0} )/2m_Λ0 = 74.5 MeV [11] is the photon energy in the rest frame of the Σ^0 – hyperon.

The width of the Σ^0 → Λ^0γ decay is equal to

Γ(Σ^0 → Λ^0γ) = α π g^2_{Σ0 Λ0} m_Σ0 ∫ δ^{(4)}(k_Λ0 + k − k_Σ0 ) (k · k_Σ0 )^2 d^3k_Λ0 E_Λ0 (⃗k_Λ0 ) d^3k ω(⃗k) = = 4αg^2_Σ0_Λ0 ω^3_0 . (2.4)

Using the experimental value for the width of the Σ^0 → Λ^0γ decay Γ_{exp}(Σ^0 → Λ^0γ) = (8.9 ± 0.8) × 10^{−3} MeV [11] we get g_Σ0_Λ0 = (8.6 ± 0.4) × 10^{−4} MeV^{−1}. The effective coupling constant g_Σ0_Λ0 can be expressed in terms of the transition magnetic moment g_Σ0_Λ0 = μ_Σ0_Λ0 /2m_N , where |μ_Σ0_Λ0 | = 1.61 ± 0.08 [11].

In the laboratory frame, where the Σ^0 – hyperon moves with a velocity ⃗v_Σ0 = ⃗k_Σ0 /E_Σ0 , the angular distribution of the Σ^0 → Λ^0γ decay rate can be investigated with respect to both the relative angle ϑ_Σ0_Λ0 of the Σ^0Λ^0 pair and the relative angle ϑ_Σ0_γ of the Σ^0γ pair.

For the unpolarized baryons the angular distribution of the Λ^0 – hyperon relative to the direction of the motion of the Σ^0 – hyperon is 4π dB(Σ^0 → Λ^0γ)

dΩ_Σ0_Λ0 = 1 γ_Σ0 ω_0

⃗k 2_{Λ0} √1 − ⃗v 2_{Σ0}

|⃗k_Λ0 | − E_Λ0 |⃗v_Σ0 | cos ϑ_Σ0_Λ0

, (2.5)

where γ_Σ0 = 1/ √ 1 − ⃗v^2_{Σ0} . The kinematical parameters of the baryons are related by E_Λ0 − |⃗k_Λ0 ||⃗v_Σ0 | cos ϑ_Σ0_Λ0 = (m_Σ0 − ω_0)/γ_Σ0 . This allows to obtain the energy spectrum of the Λ^0 – hyperon

dB(Σ^0 → Λ^0γ) dE_Λ0 = 1 2γ_Σ0 |⃗v_Σ0 | ω_0

. (2.6)

In turn, the angular distribution of the photon relative to the direction of the motion of the Σ^0 – hyperon takes the form 4π dB(Σ^0 → Λ^0γ) dΩ_Σ0_γ = 1 4πγ^2_{Σ0} 1 (1 − |⃗v_Σ0 | cos ϑ_Σ0_γ )^2

. (2.7)

The photon energy in the laboratory frame is related to the photon energy in the center of mass frame as ω_0 = γ_Σ0 ω (1−|⃗v_Σ0 | cos ϑ_Σ0_γ ). This allows to calculate the energy spectrum of the photon

dB(Σ^0 → Λ^0γ) dω = 1 2γ_Σ0 |⃗v_Σ0 | ω_0 = 1 ω_+ − ω_−

, (2.8)

where ω_+ = ω_0/γ_Σ0 (1 − |⃗v_Σ0 |) and ω_− = ω_0/γ_Σ0 (1 + |⃗v_Σ0 |) are the maximal and minimal energy of the photon, emitted by the Σ^0 – hyperon in the laboratory frame.

In the rest frame of the Σ^0 – hyperon the angular distribution of the decay rate is equal to 4π dB(Σ^0 → Λ^0γ) dΩ_Λ0

= 1, (2.9)

where dΩ_Λ0 = 2π sin ϑ_Λ0 dϑ_Λ0 and ϑ_Λ0 is polar angle relative to the momentum ⃗k_Λ0 = − ⃗k of the Λ^0 – hyperon at the rest frame of the Σ^0 – hyperon and ϑ_γ = π − ϑ_Λ0 .

For the polarized hyperons, which we denote as ⃗Σ^0 and ⃗Λ^0, the expression (2.3) changes as follows [13] (see also [14]): ∑ λ=±1 |M(⃗Σ^0 → ⃗Λ^0γ)|^2 = 2παg^2_Σ0_Λ0 ∑ λ=±1 e^∗_μ(k, λ)e_α(k, λ)k_ν k_β × tr{(m_Σ0 + k̂_Σ0 )(1 + γ^5ζ̂_Σ0 )σ^{μν} (m_Λ0 + k̂_Λ0 )(1 + γ^5ζ̂_Λ0 )σ^{αβ}}. (2.10)

Here ζ̂_Y = γ_μζ^μ_Y for Y = Σ^0, Λ^0, where ζ^μ_Y is the 4–polarization vector of the Y – hyperon [13] (see also [14]):

ζ^μ_Y = (⃗ k_Y · ⃗ξ_Y m_Y , ⃗ξ_Y + ⃗k_Y (⃗k_Y · ⃗ξ_Y ) m_Y (E_Y (⃗k_Y ) + m_Y ) ) , (2.11)

where ⃗ξ_Y is a 3–dimensional polarization vector of the Y – hyperon, normalized to unity ⃗ξ 2_Y = 1. The polarization vector ζ^μ_Y satisfies the constraints ζ 2_Y = −1 and k_Y · ζ_Y = 0.

The result of the calculation of the trace in (2.10) is ∑ λ=±1 |M(⃗Σ^0 → ⃗Λ^0γ)|^2 = 32παg^2_Σ0_Λ0 { (k · k_Σ0 )^2 − (k · k_Σ0 )^2(ζ_Σ0 · ζ_Λ0 )

−m_Σ0 (m_Σ0 + m_Λ0 ) (k · ζ_Σ0 )(k · ζ_Λ0 ) − 1 ω^2

(k · k_Σ0 )^2 (⃗k × ⃗ζ_Σ0 ) · (⃗k × ⃗ζ_Λ0 ) − 1 ω^2

(⃗k × ⃗k_Σ0 ) · (⃗k × ⃗k_Σ0 ) (k · ζ_Σ0 ) (k · ζ_Λ0 ) + 1 ω^2

(k · k_Σ0 )(k · ζ_Λ0 )(⃗k × ⃗k_Σ0 ) · (⃗k × ⃗ζ_Σ0 ) + 1 ω^2

(k · k_Σ0 )(k · ζ_Σ0 )(⃗k × ⃗k_Λ0 ) · (⃗k × ⃗ζ_Λ0 ) } . (2.12)

We have carried out the summation over the transverse polarizations of the photon.

The angular distribution of the ⃗Λ^0 – hyperon relative to the direction of the motion of the ⃗Σ^0 – hyperon can be written in the following general form [13] 4π dB(⃗Σ^0 → ⃗Λ^0γ) dΩ_Σ0_Λ0

= 4π dB(Σ^0 → Λ^0γ) dΩ_Σ0_Λ0

(1 + ⃗P_Λ0 · ⃗ξ_Λ0 ), (2.13) where ⃗P_Λ0 is a dynamical polarization vector of the Λ^0 – hyperon. Following the procedure expounded in [13] we obtain

⃗P_{Λ0} =

{m_{Σ0} + m_{Λ0} m_Σ0 ω^2_0

(k_Λ0 · ζ_Σ0 ) −

(⃗k_Σ0 × ⃗k_Λ0 )^2 |⃗k_Σ0 − ⃗k_Λ0 |^2 k_Λ0 · ζ_Σ0 m^2_{Σ0} ω^2_0 − (⃗k_Σ0 × ⃗k_Λ0 ) · ((⃗k_Σ0 − ⃗k_Λ0 ) × ⃗ζ_Σ0 ) |⃗k_Σ0 − ⃗k_Λ0 |^2m_Σ0 ω_0 }

× [ E_Σ0 ⃗k_{Λ0} m_Λ0 − ⃗k_Σ0 − (⃗k_Σ0 · ⃗k_Λ0 )⃗k_Λ0 m_Λ0 (E_Λ0 + m_Λ0 ) ] − (⃗k_{Σ0} · ⃗ζ_{Σ0} E_Σ0 ) ⃗k_{Λ0} m_Λ0 + (⃗k_Λ0 · ⃗ζ_Σ0 )⃗k_Λ0 m_Λ0 (E_Λ0 + m_Λ0 ) + 1 |⃗k_Σ0 − ⃗k_Λ0 |^2 { ((⃗k_Σ0 − ⃗k_Λ0 ) · ⃗ζ_Σ0 )(⃗k_Σ0 − ⃗k_Λ0 ) −

(((⃗k_Σ0 − ⃗k_Λ0 ) × ⃗ζ_Σ0 ) · (⃗k_Σ0 × ⃗k_Λ0 ))⃗k_Λ0 m_Λ0 (E_Λ0 + m_Λ0 ) + k_Λ0 · ζ_Σ0 m_Σ0 ω_0 [ (⃗k_Σ0 × ⃗k_Λ0 ) × (⃗k_Σ0 − ⃗k_Λ0 ) +

(⃗k_Σ0 × ⃗k_Λ0 )^2⃗k_Λ0 m_Λ0 (E_Λ0 + m_Λ0 ) ]} . (2.14)

In the rest frame of the ⃗Σ^0 – hyperon the dynamical polarization vector of the ⃗Λ^0 – hyperon takes the form ⃗P_{Λ0} = −m^{Σ0} m_Λ0

(⃗n_Λ0 · ⃗ξ_Σ0 )⃗n_Λ0 , (2.15)

where ⃗n_Λ0 = ⃗k_Λ0 /ω_0. Since in the rest frame of the ⃗Σ^0 – hyperon ⃗k_Λ0 = − ⃗k, ⃗n_Λ0 is a unit vector ⃗n^2_{Λ0} = 1.

The dynamical polarization of the ⃗Λ^0 – hyperon, averaged over all directions of the vector ⃗n_Λ0 , amounts to

⟨ ⃗P_Λ0 ⟩ = − 1 3 m_Σ0 m_Λ0

⃗ξ_{Σ0} . (2.16)

Our results (2.15) and (2.16) agree well with those obtained in [15]–[17].

3 Transition magnetic moment μ_Σ0_Λ0

The transition magnetic moment μ_Σ0_Λ0 responsible for the Σ^0 → Λ^0 +γ decay is related to the effective coupling constant g_Σ0_Λ0 by μ_Σ0_Λ0 = 2m_N g_Σ0_Λ0 . The calculation of the effective coupling constant g_Σ0_Λ0 we carry out in the Effective quark model with chiral U(3) × U(3) symmetry [1]–[7]. For this aim we calculate the matrix element of the electromagnetic hadronic current ⟨Λ^0(k_Σ0 , σ_Σ0 )|J^μ(0)|Σ^0(k_Λ0 , σ_Λ0 )⟩.

After the application the reduction technique and the equations of motion [1, 2] the matrix element ⟨Λ^0(k_Σ0 , σ_Σ0 )|J^μ(0)|Σ^0(k_Λ0 , σ_Λ0 )⟩ takes the form

⟨Λ^0(k_Σ0 , σ_Σ0 )|J^μ(0)|Σ^0(k_Λ0 , σ_Λ0 )⟩ = − 1 2 g^2_B ∫ d^4xd^4y e ik^{Λ0} · x − ik^{Σ0} · y

× ū_Λ0 (k_Λ0 , σ_Λ0 ) ⟨0|T(η_Λ0 (x)J_μ(0)η̄_Σ0 (y))|0⟩_c u_Σ0 (k_Σ0 , σ_Σ0 ), (3.1)

where T is a time–ordering operator, the index c in ⟨0| . . . |0⟩_c means the calculation of the connected part of the vacuum expectation value, J_μ(0) is the electromagnetic quark current

J_μ(0) = 2 3 ū_ℓ(0)γ_μu_ℓ(0) − 1 3 d̄_ℓ(0)γ_μd_ℓ(0) − 1 3 s̄_ℓ(0)γ_μs_ℓ(0), (3.2)

PSfrag replacements

Figure 1: Feynman diagrams of the Σ^0 → Λ^0 transition in the Effective quark model with chiral U(3) × U(3) symmetry.

where u_ℓ(0), d_ℓ(0) and s_ℓ(0) are current quark fields. The summation over the “colour” index ℓ = 1, 2, 3 is assumed. Then, η_Λ0 (x) and η̄_Σ0 (y) are the three–quark densities [1, 2, 18]

η_Λ0 (x) = − √ 2 3 ε^{ijk}{[ū^c_i(x)γ_μs_j (x)] γ^μγ^5d_k (x) − [d̄^c_i(x)γ_μs_j (x)] γ^μγ^5u_k (x)},

η_Σ0 (x) = − √ 1 2 ε^{ijk}{[ū^c_i(x)γ_μd_j (x)] γ^μγ^5s_k (x) + [d̄^c_i(x)γ_μu_j (x)] γ^μγ^5s_k (x)} (3.3)

coupled to the Λ^0 and Σ^0 hyperons [1, 2]

L_{eff} (x) = g_B √ 2 Λ̄^0(x) η_{Λ0} (x) + g^B√ 2 Σ̄^0(x) η_{Σ0} (x) + h.c.. (3.4)

The three–quark density η̄_Σ0 (x) is equal to

η̄_Σ0 (x) = + √ 1 2 ε^{ijk} {s̄_i(x)γ^μγ^5[d̄_j (x)γ_μu^c_k(x)] + s̄_i(x)γ^μγ^5[ū_j (x)γ_μd^c_k (x)]}. (3.5)

The coupling constant g_B is calculated in [1, 19]: g_B = 1.37 × 10^{−4} MeV^{−2}.

The matrix element (3.1) is defined by Feynman diagrams in Fig.1. In the coordinate representation the analytical expression of the matrix element (3.1) takes the form

⟨Λ^0(k_Σ0 , σ_Σ0 )|J^μ(0)|Σ^0(k_Λ0 , σ_Λ0 )⟩ = − √ 3 2 g^2_B ∫ d^4xd^4y e ik^{Λ0} · x − ik^{Σ0} · y

× ū_Λ0 (k_Λ0 , σ_Λ0 )γ^αγ^5S^{(d)}_F (x − y)γ_βS^{(u)}_F (y)γ_μS^{(u)}_F (− x)γ_αS^{(s)}_F (x − y)γ^βγ^5u_Σ0 (k_Σ0 , σ_Σ0 ) − √ 3 2 g^2_B ∫ d^4xd^4y e ik^{Λ0} · x − ik^{Σ0} · y tr{γ_αS^{(s)}_F (x − y)γ_βS^{(d)}_F (y − x)}

× ū_Λ0 (k_Λ0 , σ_Λ0 )γ^αγ^5S^{(u)}_F (x)γ_μS^{(u)}_F (−y)γ^βγ^5u_Σ0 (k_Σ0 , σ_Σ0 ) − √ 3 2 g^2_B ∫ d^4xd^4y e ik^{Λ0} · x − ik^{Σ0} · y

× ū_Λ0 (k_Λ0 , σ_Λ0 )γ^αγ^5S^{(u)}_F (x − y)γ_βS^{(d)}_F (y)γ_μS^{(d)}_F (− x)γ_αS^{(s)}_F (x − y)γ^βγ^5u_Σ0 (k_Σ0 , σ_Σ0 ) − √ 3 2 g^2_B ∫ d^4xd^4y e ik^{Λ0} · x − ik^{Σ0} · y tr{γ_αS^{(s)}_F (x − y)γ_βS^{(u)}_F (y − x)}

× ū_Λ0 (k_Λ0 , σ_Λ0 )γ^αγ^5S^{(d)}_F (x)γ_μS^{(d)}_F (−y)γ^βγ^5u_Σ0 (k_Σ0 , σ_Σ0 ). (3.6)

We have taken into account that only the isovector part (ū_ℓ(0)γ_μu_ℓ(0) − d̄_ℓ(0)γ_μd_ℓ(0))/2 of the electromagnetic current gives the contribution to the transition Σ^0 → Λ^0.

In the momentum representation Eq.(3.6) reduces to the form

⟨Λ^0(k_Σ0 , σ_Σ0 )|J^μ(0)|Σ^0(k_Λ0 , σ_Λ0 )⟩ = √ 3 2 g^2_Bū_Λ0 (k_Λ0 , σ_Λ0 ) ∫ d^4k_1 (2π)^4i d^4k_2 (2π)^4i × [ γ^αγ^5 1 m_d − k̂_2 γ_β 1 m_u − k̂_1 γ_μ 1 m_u − k̂_Σ0 + k̂_Λ0 − k̂_1 γ_α 1 m_s − k̂_Σ0 − k̂_1 + k̂_2 γ^βγ^5 +tr { γ_β 1 m_d − k̂_2 γ_α 1 m_s − k̂_2 − k̂_Λ0 + k̂_1 } γ^αγ^5 1 m_u − k̂_1 γ_μ 1 m_u − k̂_Σ0 + k̂_Λ0 − k̂_1 γ^βγ^5

+γ^αγ^5 1 m_u − k̂_2 γ_β 1 m_d − k̂_1 γ_μ 1 m_d − k̂_Σ0 + k̂_Λ0 − k̂_1 γ_α 1 m_s − k̂_Σ0 − k̂_1 + k̂_2 γ^β γ^5 +tr { γ_β 1 m_u − k̂_2 γ_α 1 m_s − k̂_2 − k̂_Λ0 + k̂_1 } γ^αγ^5 1 m_d − k̂_1 γ_μ 1 m_d − k̂_Σ0 + k̂_Λ0 − k̂_1 γ^βγ^5 ]

× u_Σ0 (k_Σ0 , σ_Σ0 ). (3.7)

Applying the heavy–baryon technique, accepted for the analysis of baryon exchanges within Chiral Perturbation Theory (ChPT) [20] (see also [21, 22] and [23]), to the calculation of the momentum integrals [1] we get (see also [6]):

g_Σ0_Λ0 = g^2_B √ 3 ⟨q̄q⟩ m_N m 16π^2 ℓn ( 1 + Λ^2_χ m^2 ) = − 8.62 × 10^{−4} MeV^{−4}, (3.8)

where ⟨q̄q⟩ is the quark condensate [1, 24]: ⟨q̄q⟩ = − 3m 4π^2 [ Λ^2_χ − m^2 ℓn ( 1 + Λ^2_χ m^2 )] = (− 253 MeV)^3, (3.9)

calculated at the normalization scale μ = Λ_χ, where Λ_χ = 940 MeV is the scale of the spontaneous breaking of chiral symmetry [1], and for m_u = m_d = m = 330 MeV, the constituent quark mass defined in the chiral limit [1, 24]. For the calculation of the integrals we have neglected the mass differences between Σ^0, Λ^0 and N and have set m_Σ0 = m_Λ0 = m_N . Hence, the accuracy of the theoretical value (3.8) is not better than 20 %.

For the effective coupling constant (3.8) the transition magnetic moment μ_Σ0_Λ0 is equal to μ_Σ0_Λ0 = 2m_N g_Σ0_Λ0 = g^2_B √ 3 ⟨q̄q⟩ m 8π^2 ℓn ( 1 + Λ^2_χ m^2 ) = − 1.62, (3.10) which agrees well with both the experimental data |μ^{exp}_{Σ0 Λ0} | = (1.61 ± 0.08) and the theoretical value μ_Σ0_Λ0 = ( √ 3/4) (μ_Σ− − μ_Σ+ ) = (− 1.57 ± 0.01), obtained within the naive quark model in terms of the magnetic moments of the charged Σ – hyperons μ_Σ− = (− 1.160 ± 0.025) and μ_Σ+ = (2.458 ± 0.010) [11]. In the naive quark model the magnetic moments μ_Σ− and μ_Σ+ are defined in terms of the magnetic moments of constituent quarks μ_Σ− = (4μ_d − μ_s)/3 and μ_Σ+ = (4μ_u − μ_s)/3. For the transition magnetic moment μ_Σ0_Λ0 this gives μ_Σ0_Λ0 = (μ_d − μ_u)/ √ 3 [12].

As a result of the calculation of the momentum integrals in Eq.(3.7) there appears the term proportional to ū_Λ0 γ^μu_Σ0 . Since in the heavy–baryon limit the spatial part of this current ū_Λ0 ⃗γu_Σ0 is of order of O(1/m^2_N ), in the heavy–baryon limit it is equivalent to zero relative to the contribution proportional to ū_Λ0 σ^{μν} k_ν u_Σ0 . In turn, the time–component ū_Λ0 γ^0u_Σ0 vanishes due to the orthogonality of the spinorial functions φ^†_{Λ0} φ_Σ0 = 0.

4 Conclusion

We have analysed the angular distribution of the Λ^0 – hyperons, produced in the Σ^0 → Λ^0γ decay, both in the laboratory and in the rest frame of the Σ^0 – hyperon in dependence on the polarizations of baryons. We have calculated the dynamical polarization vector of the Λ^0 – hyperon. The obtained results can be used for the analysis of the polarization properties of the Σ^0 – hyperons, produced in high–energy nucleus–nucleus collisions and in the^2_{K̄} H → Σ^0p decays of the Kaonic Nuclear Cluster^2_{K̄} H (the deeply bound K^−pp state). A measurement of the polarization of the Σ^0 – hyperon can be carried out through the measurement of the polarization of the Λ^0 – hyperon.

The partial width of the Σ^0 → Λ^0γ decay is defined by the transition magnetic moment μ_Σ0_Λ0 . The calculation of μ_Σ0_Λ0 we have carried out within the Effective quark model with chiral U(3) × U(3) symmetry. The theoretical value μ_Σ0_Λ0 = − 1.62 agrees well with both the experimental one μ^{exp}_{Σ0 Λ0} | = (1.61 ± 0.08) and the predicted within the naive quark model μ_Σ0_Λ0 = ( √ 3/4) (μ_Σ− − μ_Σ+ ) = (− 1.57 ± 0.01).

In our approach the transition magnetic moment μ_Σ0_Λ0 does not depend on the mass of constituent s – quark. This agrees well with the naive quark model, where μ_Σ0_Λ0 is defined by the magnetic moments of the constituent u – and d – quarks only: μ_Σ0_Λ0 = ( √ 3/4) (μ_Σ− − μ_Σ+ ) = (μ_d − μ_u)/ √ 3 [12].

References

[1] A. N. Ivanov, M. Nagy, and N. I. Troitskaya, Phys. Rev. C59, 451 (1999).

[2] Ya. A. Berdnikov, A. N. Ivanov, V. F. Kosmach, and N.I. Troitskaya, Phys. Rev. C 60, 015201 (1999).

[3] A. Ya. Berdnikov, Ya. A. Berdnikov, A. N. Ivanov, V. F. Kosmach, M. D. Scadron, and N. I. Troitskaya, Phys. Rev. D 64, 014027 (2001).

[4] H.–Ch. Schröder et al., Eur. Phys. J. C 21, 473 (2001).

[5] A. N. Ivanov, M. Cargnelli, M. Faber, J. Marton, N. I. Troitskaya, and J. Zmeskal, Eur. Phys. J. A 21, 11 (2004); nucl–th/0310081.

[6] A. N. Ivanov, M. Cargnelli, M. Faber, H. Fuhrmann, V. A. Ivanova, J. Marton, N. I.

Troitskaya, and J. Zmeskal, Eur. Phys. J. A 23, 79 (2005); nucl–th/0406053.

[7] A.Ya. Berdnikov, Ya. A. Berdnikov, A. N. Ivanov, V. A. Ivanova, V. F. Kosmach, V.

M. Samsonov, N. I. Troitskaya, and V. Thatar Vento, Acta Phys. Hung. A 22, 139 (2005), nucl-th/0312045. A. Andronic et al.,

[8] it Measurements of Strange Baryons and Kaonic Nuclear Clusters with FOPI; T.

Yamazaki, K. Suzuki, L. Fabietti, P. Kienle, and N. Hermann, Search for K Nuclear Clusters in Nuclear Collisions with FOPI, (unpublished) 2005; M. Agnello et al. (the FINUDA Collaboration), Phys. Rev. Lett. 94, 212303 (2005).

[9] Y. Akaishi and T. Yamazaki, Phys. Rev. C 65, 044005 (2002); T. Yamazaki and Y.

Akaishi, Phys. Lett. B 535, 70 (2002).

[10] A. N. Ivanov, P. Kienle, J. Marton, and E. Widmann, Phenomenological model of the Kaonic Nuclear Cluster K^−pp in the ground state, nucl–th/0512037.

[11] S. Eidelman et al. (The Particle Data Group), Phys. Lett. B 595, 1 (2004).

[12] (see [11] p.922)

[13] L. L. Landau und E. M. Lifschitz, in LEHRBUCH DER THEORETISCHEN PHYSIK, Band IVa, RELATIVISTISCHE QUANTENTHEORIE von W. B. Berestetzki, E. M. Lifschitz, und L. P. Pitajewski, Akademie–Verlag, Berlin, 1971, ss. 111–116, 270–274.

[14] A. Ya. Berdnikov, Ya. A. Berdnikov, A. N. Ivanov, V. A. Ivanova, V. F. Kosmach, and N. I. Troitskaya, Eur. Phys. J. A 12, 341 (2001).

[15] R. Gatto, Phys. Rev. 109, 610 (1958).

[16] G. Feldman and T. Fulton, Nucl. Phys. 8, 106 (1958).

[17] N. Byers and H. Burkhardt, Phys. Rev. 121, 281 (1961).

[18] Sni–lin Zhu, W–Y. P. Hwang, and Ze–sen Yang, Phys. Rev. D 57, 1527 (1998) and references therein.

[19] The coupling constant g_B is defined by [1]:

g_{πN N} = g^2_B 2 3 m F_π ⟨q̄q⟩^2 m^2_N , where g_{πN N} = 13.21 is the πNN coupling constant, F_π = 92.4 MeV is the PCAC constant of π – meson, ⟨q̄q⟩ = (− 253)^3 MeV^3 is the quark condensate (3.9), and m = 330 MeV is the constituent quark mass, calculated in the chiral limit. This results in g_B = 1.37 × 10^{−4} MeV^{−2}.

[20] J. Gasser, Nucl. Phys. Proc. Suppl. 86, 257 (2000) and references therein. H.

Leutwyler, PiN Newslett. 15, 1 (1999); B. Borasoy and B. Holstein, Eur. Phys. J. C 6, 85 (1999); Phys. Rev. D 59, 094025 (1999); Phys. Rev. D 60, 054021 (1999); Ulf-G. Meißner, PiN Newslett. 13, 7 (1997); H. Leutwyler, Ann. of Phys. 235, 165 (1994); G. Ecker, Prog. Part. Nucl. Phys. 36, 71 (1996); Prog. Part. Nucl. Phys. 35, 1 (1995); Nucl. Phys. Proc. Suppl. 16, 581 (1990); E. Jenkins and A. V. Manohar, Phys. Lett. B 225, 558 (1991); J. Gasser, Nucl. Phys. B 279, 65 (1987); J. Gasser and H. Leutwyler, Nucl. Phys. B 250, 465 (1985); Ann. of Phys. 158, 142 (1984); Phys. Lett. B 125, 321 (1983).

[21] E. Witten, Nucl. Phys. B 160, 57 (1979), In the multicolour QCD with gauge SU(N_C ) symmetry, where N_C is the number of quark degrees of freedom, baryon masses are proportional to N_C at N_C → ∞. Hence, a heavy–baryon limit can be identified with a leading order in the large N_C expansion (see also R. Flores–Mendieta, Topics on heavy–baryon ChPT in the large N_C limit, hep–ph/0207138 and references therein).

[22] A. N. Ivanov, N. I. Troitskaya, H. Oberhummer, and M. Faber, Eur. Phys. J. A 7, 519 (2000), Eur. Phys. J. A 8, 129 (2000), Eur. Phys. J. A 8, 223 (2000); A. N. Ivanov, V. A. Ivanova, H. Oberhummer, N. I. Troitskaya, and M. Faber, Eur. Phys. J. A 12, 87 (2001); A. N. Ivanov, M. Cargnelli, M. Faber, H. Fuhrmann, V. A. Ivanova, J. Marton, N. I. Troitskaya, and J. Zmeskal, Eur. Phys. J. A 23, 1 (2005); nucl–th/0406081.

[23] T. E. O. Ericson and A. N. Ivanov, Isospin breaking in threshold πN scattering by radiative processes, hep – ph/0503277.

[24] A. N. Ivanov, M. Nagy and N. I. Troitskaya, Intern. J. Mod. Phys. A 7, 7305 (1992);

A. N. Ivanov, Intern. J. Mod. Phys. A 8, 853 (1993); A. N. Ivanov, N. I. Troitskaya and M. Nagy, Intern. J. Mod. Phys. A 8, 2027, 3425 (1993).