26. Standard Model of electroweak interactions 203

26. STANDARD MODEL OF

ELECTROWEAK INTERACTIONS

This section prepared May 1994 by P. Langacker and J. Erler.

The standard electroweak model is based on the gauge group [1] SU(2) × U(1), with gauge bosons W iμ, i = 1, 2, 3, and Bμ for the SU(2) and U(1) factors, respectively, and the corresponding gauge coupling constants g and g′. The left-handed fermion fields ψi = ( ν_i

ℓ�_i ) and ( u_i

d0_i ) of the ith fermion family transform as doublets

under SU(2), where d′i ≡ ∑ j Vij dj, and V is the Cabibbo-Kobayashi- Maskawa mixing matrix. (Constraints on V are discussed in the section on the Cabibbo-Kobayashi-Maskawa mixing matrix.) The right-handed fields are SU(2) singlets. In the minimal model there are three fermion families and a single complex Higgs doublet ϕ ≡ ( ϕ+ ϕ0 ) . After spontaneous symmetry breaking the Lagrangian is LF =^∑_i ψ_i^(i ∂̸ − mi −^{gmiH}_{2MW}^) ψi − g 2 √ 2 ∑ i ψi γμ (1 − γ^5)(T^+ W^+μ + T − W −μ ) ψi

− e ∑ i qi ψi γμ ψi Aμ

− g 2 cos θW ∑ i ψi γμ(giV − giAγ^5) ψi Zμ . (26.1) θW ≡ tan−^1(g′/g) is the weak angle; e = g sin θW is the positron electric charge; and A ≡ B cos θW + W^3 sin θW is the (massless) photon field. W ± ≡ (W^1 ∓ iW^2)/ √ 2 and Z ≡ −B sin θW + W^3 cos θW are the massive charged and neutral weak boson fields, respectively. T^+ and T − are the weak isospin raising and lowering operators. The vector and axial couplings are

giV ≡t_3L(i) − 2qi sin^2 θW (26.2) giA ≡t_3L(i) , (26.3) where t_3L(i) is the weak isospin of fermion i (+1/2 for ui and νi; −1/2 for di and ei) and qi is the charge of ψi in units of e.

The second term in LF represents the charged-current weak interaction [2]. For example, the coupling of a W to an electron and a