Revised Weinberg Operator

Gerald A. Miller

The evaluation of the Weinberg operator in the matrix element for DD → απ^0 show a disturbingly significant dependence on the^4He wave function employed [1]. We suggest that this is due to using a point-like strong pion-nucleon vertex function, and provide a revised operator.

The Weinberg pion production operator is taken (at threshold, and neglecting terms of order m_π/m_N ) for the homework problem as due to the quark mass difference effects [2] O ≡ ∑ i<j O_{i,j}, (1) O_{i,j} = − f 4πμF^2_π √ 2μ [δm_N (τ^{(i)} · τ^{(j)} + τ^{(i)}_3 τ^{(j)}_3 ) − δ̄m_N (τ^{(i)} · τ^{(j)} − τ^{(i)}_3 τ^{(j)}_3 )]

(σ^{(i)} − σ^{(j)}) · (−ir̂) d dr ( e^{−μr} r ) , (2)

r ≡ r_i − r_j (3)

where F_π = 186 MeV is the pion decay constant, μ is the pion mass, and f is the pionnucleon coupling constant (f = g_Aμ/F_π in leading order; f^2/4π = 0.075 is used here). The parameters, δm_N and δ̄m_N , account for the effect of the current quark mass difference m_d − m_u and the electromagnetic contribution. The sum of these is fixed by the nucleon mass difference m_n − m_p = 1.3 MeV. Note that for np → dπ^0, μ = √ 3/4.

The factor^{1√}_{2μ} is a phase space factor, valid only at threshold. Its appearance has a historical origin, rooted in models which treat the nucleon as static.

We take the pion-nucleon vertex to have a monopole form factor :^{Λ2}_{Λ2+k2} . In this case, the Weinberg operator takes the form:

O_Λ ≡ ∑ i<j O_{i,j} (Λ), (4)

O_{i,j} (Λ) = − f 4πμF^2_π √ 2μ [δm_N (τ^{(i)} · τ^{(j)} + τ^{(i)}_3 τ^{(j)}_3 ) − δ̄m_N (τ^{(i)} · τ^{(j)} − τ^{(i)}_3 τ^{(j)}_3 )]

(σ^{(i)} − σ^{(j)}) · (−ir̂) ( Λ^2 Λ^2 − μ^2 ) d dr ( e^{−μr} r − e^{−Λr} r ) . (5)

The idea is that with some value of Λ the sensitivity to wave functions would disappear. Using this operator would modify the analysis of the np → dπ^0 reaction. It is likely that the extracted value of δm_N would be increased.

REFERENCES

[1] A. C. Fonseca and A. Nogga, email messages [2] U. van Kolck, J. A. Niskanen and G. A. Miller, Phys. Lett. B 493, 65 (2000) [nuclth/0006042].

[3] A. Zee, Phys. Rep. 3 (1972) 127.

[4] G.A. Miller, B.M.K. Nefkens, and I. Šlaus, Phys. Rep. 194 (1990) 1. [5] J. Gasser and H. Leutwyler, Phys. Rep. 87 (1982) 77.