RADIATIVE HYPERON DECAYS Written September 2003 by J.D. Jackson (LBNL).

The weak radiative decays of spin-1/2 hyperons, B_i → B_f γ, yield information about matrix elements (form factors) similar to that gained from weak hadronic decays. For a polarized spin-1/2 hyperon decaying radiatively via a ΔQ = 0, ΔS = 1 transition, the angular distribution of the direction p̂ of the final spin-1/2 baryon in the hyperon rest frame is dN dΩ = N 4π (1 + α_γ P_i ·p̂) . (1)

Here P_i is the polarization of the decaying hyperon, and α_γ is the asymmetry parameter. In terms of the form factors F_1(q^2), F_2(q^2), and G(q^2) of the effective hadronic weak electromagnetic vertex,

F_1(q^2)γ_λ + iF_2(q^2)σ_{λμ}q^μ + G(q^2)γ_λγ_5 ,

α_γ is α_γ =

2 Re[G(0)F^∗_M (0)] |G(0)|^2 + |F_M (0)|^2

, (2)

where F_M = (m_i − m_f )[F_2 − F_1/(m_i + m_f )]. If the decaying hyperon is unpolarized, the decay baryon has a longitudinal polarization given by P_f = −α_γ [1].

The angular distribution for the weak hadronic decay, B_i → B_f π, has the same form as Eq. (1), but of course with a different asymmetry parameter, α_π. Now, however, if the decaying hyperon is unpolarized, the decay baryon has a longitudinal polarization given by P_f = +α_π [2,3]. The difference of sign is because the spins of the pion and photon are different.

Ξ^0 → Λγ decay—The radiative decay Ξ^0 → Λγ of an unpolarized Ξ^0 uses the hadronic decay Λ → pπ^− as the analyzer. As noted above, the longitudinal polarization of the Λ will be P_Λ = −α_{ΞΛγ}. Let α_− be the Λ → pπ^− asymmetry parameter and θ_{Λp} be the angle, as seen in the Λ rest frame, between the Λ line of flight and the proton momentum. Then

CITATION: W.-M. Yao et al. (Particle Data Group), J. Phys. G 33, 1 (2006) (URL: http://pdg.lbl.gov)

July 27, 2006 11:28

the hadronic version of Eq. (1) applied to the Λ → pπ^− decay gives dN d cos θ_{Λp} = N 2 (1 − α_{ΞΛγ} α_− cos θ_{Λp}) (3)

for the angular distribution of the proton in the Λ frame. The only published measurement of α_{ΞΛγ} [4] got the sign wrong, as explained in an erratum 12 years later [5]. The corrected result is α_{ΞΛγ} = −0.43 ± 0.44.

Ξ^0 → Σ^0γ decay—The asymmetry parameter here, α_{ΞΣγ}, is measured by following the decay chain Ξ^0 → Σ^0γ, Σ^0 → Λγ, Λ → pπ^−. Again, for an unpolarized Ξ^0, the longitudinal polarization of the Σ^0 will be P_Σ = −α_{ΞΣγ}. In the Σ^0 → Λγ decay, a parity-conserving magnetic-dipole transition, the polarization of the Σ^0 is transferred to the Λ, as may be seen as follows. Let θ_{ΣΛ} be the angle seen in the Σ^0 rest frame between the Σ^0 line of flight and the Λ momentum. For Σ^0 helicity +1/2, the probability amplitudes for positive and negative spin states of the Σ^0 along the Λ momentum are cos(θ_{ΣΛ}/2) and sin(θ_{ΣΛ}/2). Then the amplitude for a negative helicity photon and a negative helicity Λ is cos(θ_{ΣΛ}/2), while the amplitude for positive helicities for the photon and Λ is sin(θ_{ΣΛ}/2). For Σ^0 helicity −1/2, the amplitudes are interchanged. If the Σ^0 has longitudinal polarization P_Σ, the probabilities for Λ helicities ±1/2 are therefore p(±1/2) = 1 2 (1∓P_Σ) cos^2(θ_{ΣΛ}/2)+ 1 2 (1±P_Σ ) sin^2(θ_{ΣΛ}/2) , (4)

and the longitudinal polarization of the Λ is

P_Λ = −P_Σ cos θ_{ΣΛ} = +α_{ΞΣγ} cos θ_{ΣΛ} . (5)

Using Eq. (1) for the Λ → pπ^− decay again, we get for the joint angular distribution of the Σ^0 → Λγ, Λ → pπ^− chain,

d^2N d cos θ_{ΣΛ} d cos θ_{Λp} = N 4 (1 + α_{ΞΣγ} cos θ_{ΣΛ} α_− cos θ_{Λp}) . (6)

The KTeV collaboration recently measured α_{ΞΣγ} to be −0.63± 0.09 [6]. The only other measurement has been withdrawn [7].

July 27, 2006 11:28

References

1. R.E. Behrends, Phys. Rev. 111, 1691 (1958); see Eq. (7) or (8).

2. In ancient times, the signs of the asymmetry term in the angular distributions of radiative and hadronic decays of polarized hyperons were sometimes opposite. For roughly 40 years, however, the overwhelming convention has been to make them the same. The aim, not always achieved, is to remove ambiguities.

3. For the definition of α_π, see the note on “Baryon Decay Parameters,” in the Neutron Listings in this Review..

4. C. James et al., Phys. Rev. Lett. 64, 843 (1990). 5. C. James et al., Phys. Rev. Lett. 89, 169901 (2002) (erratum). The various sign conventions spelled out here are discussed.

6. A. Alavi-Harati et al., Phys. Rev. Lett. 86, 3239 (2001). 7. S. Teige et al., Phys. Rev. Lett. 63, 2717 (1989);

erratum, Phys. Rev. Lett. 89, 169902 (2002).

July 27, 2006 11:28